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Rhubarb (Rheum rhapontiam ) stalk fibre was previously shown to be hypolipidaemic under
clinical and experimental conditions. The present study was undertaken to investigate whether
rhubarb stalk fibre has a hypolipidaemic effect under diabetic conditions. Two models of dia-
betic rats were used: streptozotocin-induced diabetic rats, and diabetes-prone BB (BBdp) rats.
The plasma cholesterol and triacylglycerol concentrations were elevated after the onset of dia-
betes in BBdp rats, but not in sterptozotocin-induced diabetic rats. The rhubarb-fibre diet had no
effect on the plasma cholesterol or triacylglycerol concentrations of diabetic rats. The hypo-
lipidaemic effect of rhubarb stalk fibre has been suggested to be due to the bile-acid-binding
capacity of rhubarb fibre, which in turn up regulates cholesterol 7a-hydroxylase (cyp7a)
activity. cyp7a is the first and the rate-limiting enzyme in the breakdown of cholesterol to
bile acids. We measured the cyp7a activity and mRNA levels in control and diabetic rats fed
rhubarb- and cellulose-fibre diets. The cyp7a activity and mRNA abundance were increased
in both diabetic rat models, indicating that bile acid synthesis is enhanced in diabetes. Feeding
a diet enriched with rhubarb fibre caused a slight but significant increase (P,0·05) in cyp7a
enzyme activity in BBdp rats, but no change in cyp7a mRNA abundance was detected.
These results suggest that although a rhubarb-fibre-enriched diet increased cyp7a activity in
BBdp rats, there was no apparent therapeutic benefit in terms of lowering plasma cholesterol
concentrations.

Diabetes: Rhubarb (Rheum rhapontioum ) stalk fibre: Cholesterol 7a-hydroxylase

Diabetes mellitus is a common disorder and a leading
cause of morbidity and mortality all over the world.
Diabetes is characterized as a disease of carbohydrate
metabolism; however, abnormalities of lipid and lipo-
protein metabolism are commonly observed in this dis-
order. Hyperlipidaemia (Brown, 1994), arteriosclerosis
(Kessler, 1971) and gallstones (Turrill et al. 1961) are fre-
quently associated with diabetes, indicating alterations in
cholesterol metabolism in this disease (Turrill et al.
1961; Bennion & Grundy, 1977). Research during the
last few years has emphasized the role of plasma lipid
and lipoprotein metabolism in the development of athero-
sclerosis in diabetes; however, the mechanisms explaining
the association between diabetes and atherosclerosis are
still unknown.

The liver is the major site for cholesterol catabolism,
where cholesterol is converted to bile acids. The excretion

of bile acids and cholesterol via bile is the main route for
elimination of cholesterol from the body. The major path-
way responsible for the synthesis of bile acids is initiated
by the microsomal enzyme cholesterol 7a-hydroxylase
(cyp7a) (Agellon & Torchia, 2000). In diabetes, the bile
acid pool is significantly expanded, characterized mainly
by a rise in cholic acid content (Nervi et al. 1978;
Uchida et al. 1979; Kimura et al. 1992). The size of the
bile acid pool is normalized by insulin therapy, suggesting
that insulin might regulate bile acid metabolism (Bennion
& Grundy, 1977; Nervi et al. 1978; Kimura et al. 1988).
Studies using cultured hepatocytes have shown the sup-
pression of the cyp7a gene expression by insulin (Twisk
et al. 1995). However, studies using animal models of
type 1 and type 2 diabetes have yielded conflicting results
with regard to regulation of cyp7a gene expression (Uchida
et al. 1979; Subbiah & Yunker, 1984; Hansson, 1989).
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Dietary-fibre type has significant influence on plasma
cholesterol and glucose concentrations. Current recommen-
dations for the dietary management of diabetes mellitus
include increasing the consumption of dietary fibre. Insoluble
fibre, such as cellulose, is non-viscous and/or non-fermentable
and has limited capacity to lower plasma cholesterol con-
centrations (Gallaher et al. 1993). On the other hand, rhu-
barb (Rheum raponticum ) fibre, a predominantly insoluble
fibre, lowers plasma cholesterol concentrations in animals
fed a high-cholesterol diet (Basu et al. 1993) and in
hypercholestrolaemic human subjects (Goel et al. 1997).
Rhubarb fibre contains 80 g pectin/kg, a soluble fibre
with a known cholesterol-lowering capacity (Fernandez,
1995). Rhubarb fibre was found to bind bile acids (Goel
et al. 1997); feeding diets enriched in rhubarb fibre to
C57BL/6J mice increased the excretion of bile acids and
increased cyp7a activity (Goel et al. 1999). Since bile
acid levels are significantly increased under diabetic con-
ditions, the aim of the present study was: (1) to assess
the expression of the cyp7a gene in two animal models
of diabetes namely, the diabetes-prone BB (BBdp) rat
and the streptozotocin-induced diabetic rat; (2) to investi-
gate whether feeding a diet rich in rhubarb fibre is ben-
eficial in lowering plasma cholesterol levels in diabetic
rats. Two models of diabetic rats were used to investigate
whether streptozotocin-induced diabetic rats and BBdp rats
differ in the regulation of bile acid metabolism and in their
response to dietary-fibre type.

Materials and methods

Animals and diets

Male BBdp rats (250–310 g, 6–7 weeks old) were
obtained from Health Canada (Animal Resources Division,
Health Protection Branch, Ottawa, Ont., Canada). BBdp
rats were diabetic upon arrival from Health Canada; dia-
betes was re-confirmed upon arrival by blood glucose con-
centrations measured from tail bleeds using a glucometer.
Rats with blood glucose concentrations .2·00 g/l were
considered diabetic. Male Sprague-Dawley rats (240–
280 g, 6–7 weeks old) were obtained from the University
of Alberta Health Sciences colony. Animals were housed
individually in a temperature- and humidity-controlled
room with 12 h light–dark cycle. The use of animals in
this study was approved by the University of Alberta
Animal Welfare Committee. All animals were given a
rodent chow diet and water ad libitum before the start of
the experimental diets. The experimental diets varied in
the fibre source, containing either 50 g cellulose or 50 g
rhubarb stalk fibre/kg. The diet composition is given in
Table 1.

After the animals had acclimatized to the experimental
diets for 3 d, diabetes was induced in Sprague-Dawley
rats by intravenous injection of streptozotocin (20 mg/kg
body weight; Sigma-Aldrich Chemical Co., St Louis,
MO, USA) in an acetate buffer (pH 4·5). The age-matched
control Sprague-Dawley rats and the BBdp rats received a
sham injection of the acetate buffer to control for any
additional effects of the acetate buffer in streptozotocin-
induced diabetic rats. Tail bleeds were performed 24 h

after streptozotocin injection and blood glucose concen-
trations were measured using a glucometer. Animals with
blood glucose concentrations of .2·00 g/l were considered
diabetic. The streptozotocin-induced diabetic rats, BBdp
rats and control rats were fed the experimental diets for 2
weeks. The food intake and body weight were measured
once per week. The animals were fasted overnight at the
end of the 2 week period on the experimental diets. A
tail-nick blood sample was taken for fasting blood glucose
in the morning. The blood and tissue samples were col-
lected as mentioned later.

Blood and tissue analyses

On day 15 (after the tail nicks to collect blood for fasting
blood glucose concentrations), the animals were anaesthe-
tized, blood was collected via cardiac puncture into a syr-
inge containing EDTA (1 g/l) and plasma was separated.
Plasma insulin concentrations were determined using a
commercial double-antibody radioimmunoassay kit (Linco
Research, St Louis, MO, USA) for rat insulin. Plasma glu-
cose levels were determined using Sigma Diagnostics
Glucose (Trinder) reagent (Sigma Aldrich Diagnostics,
St. Louis, MO, USA) for the enzymatic determination of
glucose. The livers were removed and stored at 2708C
prior to analysis. Lipids were extracted from liver samples
as described previously (Yokode et al. 1990). Liver
extracts and plasma samples were assayed for total cho-
lesterol and triacylglycerol content using enzymatic
methods (kit no. 352 for total cholesterol and kit no. 339
for triacylglycerols; Sigma-Aldrich Diagnostics). Hepatic
free-cholesterol content was determined by enzymatic
methods (kit no. 274-47109; Wako Chemicals USA, Inc.,
Richmond, VA, USA).

Determination of cholesterol 7a-hydroxylase enzyme
activity and mRNA abundance

Microsomes were prepared from liver homogenates as pre-
viously described (Cheema et al. 1997). Microsomal cyp7a
activity (pmol/min per mg protein) was measured follow-
ing the conversion of [14C]cholesterol to 7a-hydroxy-
[14C]cholesterol as described previously (Agellon, 1997).

Table 1. Composition (g/kg) of the diets containing rhubarb
(Rheum rapontioum ) stalk fibre on cellulose

Diet

Ingredient* Rhubarb Cellulose

Casein 200 200
L-Methionine 2 2
Starch 648 648
Vitamin mix† 10 10
Mineral mix‡ 30 30
Maize oil 60 60
Fibre‡ 50 50

* Ingredients were from ICN Biomedicals, Cleveland, OH, USA.
† Supplied in quantities adequate to meet National Research Council (1995)

requirements.
‡ Cellulose was supplied as Alphacel non-nutritive bulk (ICN Biomedicals

Inc., Aurora, OH, USA). Rhubarb stalk fibre was prepared at the University
of Alberta, Department of Agricultural, Food Science and Nutrition.

S. K. Cheema et al.202

https://doi.org/10.1079/BJN
2002768  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN2002768


To detect changes in cyp7a mRNA abundance, total RNA
from rat livers was purified according to standard pro-
cedures (Chomczynski & Sacchi, 1987). Hepatic cyp7a
mRNA levels were determined by a ribonuclease protection
assay. Total RNA (20mg) was hybridized with 32P-labelled
cDNA probes for cyp7a (cyp7a gene from exon 3; 228 nt
plus 71 nt from intron 2) and glyceraldehyde-3-phosphate
dehydrogenase (pTRI-GAPDH, Ambion catalogue no.
7431; Ambion, Austin, TX, USA) at 558C overnight.
Unhybridized probes were removed by treatment with
RNAse One (4 U/mg RNA) (Promega Biotech, Madison,
WI, USA) for 1 h at 258C. The protected mRNA fragments
were separated on denaturing polyacrylamide (50 g/kg) gel.
The radioactivity in each band was quantitated by phos-
phorautoradiography using Fuji-X BAS 1000 plate
imager (Fuji, Richmond, Ont., Canada). The amount of
cyp7a mRNA was normalized to glyceraldehyde-3-phos-
phate dehydrogenase mRNA content.

Statistical analysis

The effects of diabetes and diets were assessed by
ANOVA. Values are group mean with their standard
errors for eight rats per group. Differences were considered
to be statistically significant if the associated P value was
,0·05 (Steel & Torrie, 1980).

Results

Food intake and body-weight gain

The food intake did not differ between groups. Animals
consumed 26·1 (SE 0·5) and 26·1 (SE 0·9) g cellulose-
and rhubarb-fibre diets/d respectively. There was no sig-
nificant difference in body-weight gain during the study
between the animals fed cellulose or rhubarb-fibre diet.
However, at day 14, streptozotocin-induced diabetic ani-
mals fed ad libitum had a greater body-weight gain than
the control and BBdp rats (2·4 (SE 0·6) g v. no body-
weight gain).

Blood variables

Plasma insulin levels were significantly lower (P,0·05)
for BBdp rats and streptozotocin-induced diabetic rats

compared with control animals (Table 2). Among diabetic
animals, the BBdp rats had lower insulin levels than strep-
tozotocin-induced diabetic rats. Fasting plasma glucose
concentrations were significantly higher (P,0·05) in strep-
tozotocin-induced and BBdp rats than control rats (Table
2). The BBdp rats had greater plasma glucose levels than
streptozotocin-induced diabetic rats fed either the cellulose
or rhubarb-fibre diet. The lower insulin levels and higher
plasma glucose concentrations in both diabetic models con-
firm onset of diabetes. Neither of the dietary fibres used in
the diets had an effect on plasma insulin or glucose levels
(Table 2).

Plasma and hepatic cholesterol

The plasma cholesterol and triacylglycerol levels were
greater in BBdp rats than the control and streptozotocin-
induced diabetic rats (Table 3). Dietary-fibre source had
no significant influence on the plasma cholesterol or tri-
acylglycerol levels. Hepatic total cholesterol and triacylgly-
cerol concentrations were lower in streptozotocin-induced
diabetic rats and BBdp rats than control rats (Table 4).
Feeding a diet enriched in rhubarb fibre significantly low-
ered the hepatic total cholesterol and triacylglycerol con-
centrations (P,0·01) in control as well as diabetic rats
(Table 4). However, dietary-fibre source or disease state
had no effect on liver microsomal free-cholesterol content
(Table 4).

Hepatic cholesterol 7 / -hydroxylase activity and mRNA
abundance

The cyp7a enzyme activity was significantly greater in the
diabetic rats than control rats (Fig. 1). The streptozotocin-
induced diabetic rats showed a slight but significant
increase in cyp7a activity compared with control rats
(1·3-fold increase on cellulose diet and 1·5-fold increase
on rhubarb-fibre diet, P,0·05). The BBdp rats had a
much greater increase in cyp7a activity than control rats
(P,0·001). The increase in cyp7a enzyme activity under
diabetic conditions was paralleled by an increase in
cyp7a mRNA (Fig. 2). There was a slight but significant
increase in cyp7a mRNA abundance in streptozotocin-
induced diabetic rats compared with control rats (1·8-fold
increase, P,0·05). The BBdp rats had a much greater

Table 2. Fasting glucose and insulin concentrations in the plasma of diabetic rats*

(Mean values and standard deviations for eight rats per group)

Glucose (g/l) Insulin (mU/l)

Cellulose† Rhubarb† Cellulose† Rhubarb†

Group Mean SD Mean SD Mean SD Mean SD

Control 0·84c 0·08 0·79c 0·07 0·82a 0·08 0·88a 0·03
STZ rats 3·07b 0·77 2·83b 0·6 0·48b 0·06 0·55b 0·05
BBdp rats 4·39a 0·45 4·21a 0·44 0·21c 0·05 0·27c 0·10

STZ, streptozotocin-induced diabetic rats; BBdp, diabetes-prone BB rats.
* For details of diets and procedures, see Table 1 and p. 202.
† Rats were fed the diets indicated for 2 weeks.
a,b,cMean values within a column with unlike superscript letters were significantly different (ANOVA):

P,0·05.
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increase in cyp7a mRNA levels than control and streptozo-
tocin-induced diabetic rats (5-fold increase, P,0·001).
Although the cyp7a enzyme activity was significantly
greater (P,0·05) under diabetic conditions, indicating
breakdown of cholesterol to bile acids, there was no
effect on plasma cholesterol concentrations.

Feeding a diet enriched in rhubarb fibre increased the
cyp7a activity only in BBdp rats (P,0·001) compared
with BBdp rats fed the cellulose diet (Fig. 1). There was
no effect of dietary-fibre source on cyp7a mRNA abun-
dance in control or diabetic rats.

Discussion

Plasma cholesterol and triacylglycerol concentrations are
significantly elevated under diabetic conditions, a cause
for increased incidence of cardiovascular disease. Current
recommendations on dietary management of diabetes
include increasing dietary fibre intake. Certain types of
fibre lower plasma cholesterol concentrations by binding
to bile acids, thus acting as bile acid sequestrants to
lower plasma cholesterol concentrations. Bile-acid pool
size is significantly increased under diabetic conditions
(Nervi et al. 1978; Uchida et al. 1979; Kimura et al.
1992). However, the correlation between increased bile-
acid pool size in diabetes and onset of cardiovascular dis-
ease is not known. We have previously shown that feeding
the rhubarb-fibre diet lowered plasma cholesterol and tri-
acylglycerol levels in C57BL/6J mice, and that the

decrease in plasma cholesterol concentrations is due to
the bile-acid-binding capacity of rhubarb stalk fibre (Goel
et al. 1997). In the current study, we investigated whether
feeding the rhubarb-stalk-fibre diet to diabetic animals
lowers plasma cholesterol concentrations.

The mechanism of the regulation of bile acid metabol-
ism under diabetic conditions, especially the regulation of
cyp7a, the rate-limiting enzyme in the synthesis of bile
acids, is highly controversial (Uchida et al. 1979; Subbiah
& Yunker, 1984). Controversy regarding cyp7a regulation
is likely to be due to differences in drug dosage and route
of drug delivery to induce diabetes in animals. To over-
come this problem, we used two rat models that develop
diabetes via different mechanisms to gain an insight into
the regulation of bile acid metabolism under diabetic
conditions.

Feeding the rhubarb-fibre diet had not significant effect
on plasma total cholesterol and triacylglycerol levels.
However, the hepatic total cholesterol and triacylglycerol
concentrations were significantly lower (P,0·05) in con-
trol as well as in diabetic animals fed a diet rich in rhubarb
fibre. Rhubarb stalk fibre, a predominantly insoluble fibre
capable of binding bile acids (Goel et al. 1998), lowers
plasma cholesterol levels in mice fed high-cholesterol
diets, and also in hypercholesterolaemic humans subjects
(Goel et al. 1997). Feeding the rhubarb-fibre diet to both
rat models of diabetes had no significant effect on
plasma total cholesterol and triacylglycerol levels,
although the hepatic total cholesterol and triacylglycerol

Table 3. Total cholesterol and triacylglycerol concentrations in the plasma of diabetic rats*

(Mean values and standard deviations for eight rats per group)

Total cholesterol (mmol/l) Total triacylglycerol (mmol/l)

Cellulose† Rhubarb† Cellulose† Rhubarb†

Group Mean SD Mean SD Mean SD Mean SD

Control 1·50b 0·38 1·58b 0·33 1·15b 0·56 1·15b 0·41
STZ rats 1·74b 0·36 1·61b 0·41 1·32b 0·28 1·30c 0·27
BBdp rats 2·63a 0·22 2·68a 0·27 1·84a 0·87 2·17a 0·80

STZ, steptozotocin-induced diabetic rats; BBdp, diabetes-prone BB rats.
* For details of diets and procedures, see Table 1 and p. 202.
† Rats were fed the diets indicated for 2 weeks.
a,b,cMean values within a column with unlike superscript letters were significantly different (ANOVA):

P,0·05.

Table 4. Hepatic total cholesterol, total triacylglycerol and microsomal free-cholesterol concentrations of diabetic rats*

(Mean values and standard deviations for eight rats per group)

Total cholesterol (mmol/g) Total triacylglycerol (mmol/g) Free cholesterol (mmol/g)

Cellulose† Rhubarb† Cellulose† Rhubarb† Cellulose† Rhubarb†

Group Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Control 16·8a 3·0 7·0c 0·9 0·98a 0·08 0·71b 0·04 0·45a 0·03 0·49a 0·04
STZ rats 12·0b 3·0 5·4d 0·7 0·80b 0·07 0·56d 0·04 0·49a 0·04 0·44a 0·02
BBdp rats 8·5c 1·0 4·4d 0·8 0·68c 0·04 0·38e 0·02 0·42a 0·04 0·46a 0·04

STZ, streptozotocin-induced diabetic rats; BBdp, diabetes-prone BB rats.
* For details of diets and procedures, see Table 1 and p. 202.
† Rats were fed the diets indicated for 2 weeks.
a,b,c,d,eMean values within a column with unlike superscript letters were significantly different (ANOVA): P,0·05.
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concentrations were significantly reduced (P,0·05) by
feeding the rhubarb-fibre diet to control as well as to dia-
betic animals. In our previous study, we observed that rhu-
barb stalk fibre decreased plasma and hepatic cholesterol
concentrations only when mice were fed a high-fat and
high-cholesterol diet (Goel et al. 1999). It is not clear
why rhubarb stalk fibre is ineffective when animals are
fed low-cholesterol diets or when given to diabetic ani-
mals. Other dietary-fibre sources, such as psyllium and
USP, were also found to have a cholesterol-lowering
effect only when given in the presence of dietary choles-
terol (Abbey et al. 1993; Horton et al. 1994). These dietary
fibres, when fed together with cholesterol, increase the
LDL-receptor expression in guinea pigs, thereby leading
to increased uptake of LDL and lowering plasma choles-
terol levels (Fernandez et al. 1992). The mechanism of
the regulation of hepatic LDL-receptor activity by rhubarb
fibre under diabetic conditions is not known. The reduction
in hepatic total cholesterol and triacylglycerol concen-
trations by rhubarb fibre is intriguing. We did not measure
the acetyl-CoA:cholesterol acyltransferase activity, hydroxy-
methylglutaryl-Co reductase activity or the fatty acid syn-
thesis in these animals. It is likely that rhubarb stalk fibre
alters one of these enzymes, thereby leading to decrease
in the synthesis and/or storage of cholesterol and triacyl-
glycerol in the liver.

Our results on the regulation of bile acid metabolism
under diabetic conditions indicate that cyp7a enzyme
activity and mRNA levels are significantly greater
(P,0·05) in both streptozotocin-induced and BBdp rats
compared with control animals. The increase in cyp7a
activity and mRNA levels is likely to be responsible for
the expanded bile-acid pool size under diabetic conditions.

The plasma cholesterol concentrations are high under dia-
betic conditions despite the increase in cyp7a activity.
Several studies have reported an increase in intestinal
hydroxymethylglutanyl-CoA reductase activity in drug-
induced diabetic rats (Nakayama & Nakagawa, 1977;
Young et al. 1982; Feingold et al. 1994). As bile acids
aid the absorption of cholesterol, it is likely that the
increased bile-acid pool size under diabetic conditions
increases the absorption of dietary and endogenously syn-
thesized cholesterol, leading to an increase in plasma
cholesterol concentrations.

Increasing the bile-acid pool size by feeding diets sup-
plemented whit bile acids down regulates cyp7a gene
expression (Torchia et al. 1996). Since the pool of bile
acids in the enterohepatic circulation of diabetic rats is
increased in diabetes, it is surprising to find an enhance-
ment of cyp7a gene expression. One possibility is that
the recovery of bile acids in the intestine is decreased
under diabetic conditions, thereby reducing the flux of
bile acids through the liver. The activity of intestinal bile
acid transporters under diabetic conditions is not well
characterized. However, it is reported that bile flow is sig-
nificantly reduced in both drug-induced and spontaneously
diabetic rats (Gonzalez & Fevery, 1992).

In conclusion, the results of the present study suggest
that the expression in bile-acid pool size in streptozotocin-
induced and in BBdp rats is associated with the stimulation
of cyp7a gene expression, leading to a significant increase
(P,0·05) in cyp7a activity. The results further indicate

Fig. 1. The effects of dietary cellulose fibre (A) and rhubarb
(Rheum raponticum ) stalk fibre (o) (50 g/kg) on the cholesterol 7a-
hydroxylase (cyp7a) enzyme activity in control, streptozotocin-
induced (STZ) and diabetes-prone BB (BBdp) rats. Values are
means for eight animals, with standard deviations shown by vertical
bars. For details of diets and procedures, see Table 1 and p. 202.
a,b,c,dMean values with unlike superscript letters were significantly
different: P,0·05.

Fig. 2. The effects of dietary cellulose fibre (A) and rhubarb
(Rheum raponticum ) stalk fibre (o) (50 g/kg) on the cholesterol 7a-
hydroxylase (cyp7a) mRNA abundance in control, streptozotocin-
induced (STZ) and diabetes-prone BB (BBdp) rats. Values are
means for eight animals, with standard deviations shown by vertical
bars. For details of diets and procedures, see Table 1 and p. 202.
a,b,cMean values with unlike superscript letters were significantly
different: P,0·05.
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that feeding a diet containing 50 g rhubarb stalk fibre/kg for
2 weeks has no beneficial effects in terms of lowering
plasma cholesterol levels under diabetic conditions. It is
possible that feeding rhubarb fibre for 2 weeks is not long
enough to see an effect on plasma cholesterol levels, so
future studies will involve long-term feeding trials.
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