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Abstract

This work was conducted to investigate the effects of glucomannan extracted from konjac (KGM) on high-fat diet (HFD)-)-induced lipid
metabolic abnormalities and dysglycaemia and explore its possible mechanisms. Sixty adult male albino rats (Sprague-Dawley) were
separated into five groups: G1 (control) fed a basal fat diet (BFD); G2, fed a high-fat modified diet containing 20% fat (HFD); and G3, G4,
and G5, fed an HFD supplemented with three levels of KGM (1, 5, and 10 g/100 g diet, respectively). Results showed that rats fed HFDs
developed hepatic glucose and lipid abnormalities. Glucomannan administration normalized hepatic glucose metabolism in HFD-fed rats
with low fasting blood glucose. KGM may postpone obesity, diabetes, and associated consequences as a dietary intervention. To sum up,
supplementing rats with 10 g/100g dietary Glucomannan improves blood lipid levels, lipid metabolism in the liver, and glucose regulation.
This suggests that KGM could be supplied in the future as a potential anti-hyperglycaemic and antilipidemic dietary supplement.
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INTRODUCTION

Alterations in dietary regimens and inactive lifestyles are the
main causes of the increased frequency of chronic diseases
[1]. On the other hand, extreme fat intake disturbs the balance
between energy input and energy output, thus promoting
obesity [2]. Commonly, increased dietary fat leads to
increased lipid circulation in the bloodstream, causing the
accumulation of fat in adipose tissue and the liver, and
disturbs lipid metabolism [3, 4]. Different metabolic
disorders correlated with an excess of dietary fat such as
hypertension, hyperinsulinemia, and diabetes, cause public
health challenges [5]. These metabolic disorders cause
pathogenic mechanisms that are distinguished by chronically
elevated free fatty acids (FFAS) and insulin secretion in the
bloodstream [6]. Fatty liver may be explained by the
accumulation of FFAs from a high-fat diet (HFD), which
could disrupt glucose consumption via the glycolytic pathway
and increase insulin resistance in peripheral cells, leading to
hyperinsulinemia  Transcriptional regulation of lipid
metabolism by fatty acids: a key determinant of pancreatic -
cell function [7].

Chronic hyperglycemia may be treated by dietary mediation
due to its potential to reduce inflammation, boost insulin
sensitivity, promote the growth of good intestinal flora, and
maintain equilibrium in glucolipid metabolism [8, 9]. Plant
extracts,  fermentation  products, and  functional
oligosaccharides are among the many functional foods that
are believed to be helpful in the treatment of metabolic
diseases [10]. Functional oligosaccharides are hydrolytic

products of polysaccharides that cannot be digested in the
gastrointestinal tract (GI) but are used as probiotics [11].
They are generally accepted as safe substances with several
beneficial health effects, the most important of which is the
ability to control glucose levels in the body [12, 13].

Polysaccharide glucomannan is water soluble, is derived
from the tuber of the Amorphophallus konjac plant, and
consists mostly of D-glucose and D-mannose connected by -
1,4-glycosidic linkages [14]. Alkaloids, pectin, amino acids,
and trace elements including potassium, phosphorus, and
selenium may be found in konjac glucomannan (KGM) [15].
Moreover, KGM can be used in pharmaceutical and cosmetic
industries due to its good quality thickening, solidity, and
biocompatibility properties [16]. It can modulate immunity
[17], regulate gut microbiota, exert an anti-obesity effect [18,

Address for correspondence: Reem S. Alazragi, Department
of Biochemistry, College of Science, University of Jeddah,
Jeddah 21959, Saudi Arabia.

rsalazragi@uj.edu.sa

This is an open-access article distributed under the terms of the Creative Commons
Attribution-Non Commercial-Share Alike 4.0 License, which allows others to remix,
tweak, and build upon the work non commercially, as long as the author is credited
and the new creations are licensed under the identical terms.

How to cite this article: Alreemi RM, Radhi KS, Bushnaq T, Saleh
O, Alazragi RS. Glucomannan Ameliorates Hepatic Lipid Metabolism
and Glucose Homeostasis in Rat Models Fed a High-Fat Diet. Arch
Pharm Pract. 2024;15(1):121-6.
https://doi.org/10.51847/IUaZmNEXxfl

. © 2024 Archives of Pharmacy Practice



mailto:rsalazragi@uj.edu.sa
https://doi.org/10.51847/IUaZmNExfl

Alreemi et al.: Glucomannan Ameliorates Hepatic Lipid Metabolism and Glucose Homeostasis in Rat Models Fed a High-Fat Diet

19], enhance the role of isolated islets in the primary cells of
diabetic mice [20], and improve the hypoglycaemic impact of
metformin [21].

MATERIALS AND METHODS

Materials

Glucomannan pure powder from Konjac Root was purchased
as a dietary supplement from Now Foods Co., Bloomingdale,
IL., USA.

Animals

The study used adult male albino rats (Sprague-Dawley)
weighing 98.74£5g. Rats were kept in stainless steel cages
within an air-conditioned animal house at 24 °C, fed a basal
diet (AIN-93), and permitted water ad libitum through the
experimental period (6 weeks).

Experimental Design

Sixty male rats were separated into five groups (12

rats/group) as follows:

1. Control group: Fed a basal diet (AIN-93) (BFD).

2. High-fat diet group (HFD): Fed a modified AIN-93 diet
for 42 days containing 20 g fat/100 g diet.

3. High-fat diet low glucomannan group (HFD+LKGM):
Fed an HFD supplemented with 1 g KGM/100 g diet.

4. High-fat  diet medium glucomannan group
(HFD+MKGM): Fed an HFD supplemented with 5 g
KGM/100 g diet.

5. High-fat diet high glucomannan group (HFD+HKGM):
Fed an HFD supplemented with 10 g KGM/100 g diet.

Sample Collection and Biochemical Assessment

After 42 days, blood was drawn from the hepatic portal vein
of rats anesthetized with ether, and fasted overnight. The
blood tubes were centrifuged at 4000 x g and 25 °C for 15
minutes to separate the serum. Serum samples were collected
in sterile plastic tubes and frozen at -20 °C for subsequent
biochemical studies. Livers were separated, rinsed, and
washed with saline (NaCl 0.9%) and then blotted on filter
paper. Livers were quickly frozen and stored at -20 °C for
glycogen analysis. Liver glycogen and serum levels of total
cholesterol (TC), triacylglycerols (TG), LDL-c, HDL-c, FFA,
glucose, insulin, and activities of alanine transaminase
(ALT), aspartate transaminase (AST), fatty acid synthase
(FAS), acetyl-CoA carboxylase (ACC), pyruvate carboxylase
(PC), and phosphoenolpyruvate carboxy-kinase (PEP-CK)
were determined by analytical methods.

Statistical Analysis
SPSS version 20.0 was used to carry out statistical analyses,
and the results are reported as means of standard error (SE).
T-tests were used to determine statistically significant
differences between the groups. Results were considered
significant at (p<0.01).

REsuLTs AND Discussion

Results in Table 1 revealed that serum concentrations of TG,
TC, and LDL-cholesterol were elevated significantly
(p<0.01) in rats fed an HFD compared with the BFD group
and gradually normalized by KGM supplementation. The
level of serum HDL-cholesterol was significantly lower
(p<0.01) in the HFD group than in the BFD group and was
gradually increased by adding KGM (G3-G5).

Table 1. Effect of various treatments on serum levels of TG, TC, HDL-c, and LDL-c

Groups TG HDL-cholesterol LDL-cholesterol
(mg/dl) (mg/dl) (mg/dl) (mg/dl)
BFD 102.5°%+2.3 166.5°+0.15 55.8°+0.05 85.7+0.03
HFD 125.3°+3.7 215.3°+0.11 35.7°+0.03* 142.2°+0.20
HFD+LKGM 122.7°+3.3 198.3°+0.53 45.1°+0.09 133.5°40.15
HFD+MKGM 104.5°%+2.1 173.1940.23 50.2°+0.03 93.29+0.06
HFD+HKGM 103.8*+2.5 172.5%+0.12 51.99+0.08 95.39+0.05

BFD=Basal fat diet; HFD=High-fat diet; LKGM=Low glucomannan; MKGM=Medium glucomannan; HKGM=High glucomannan (n=12)

KGM supplementation has a significant effect (p<0.01) on
serum levels of FFA and FAS activity as well as on acetyl
CoA carboxylase (ACC) activity (Table 2). Increased levels

of enzymes were detected in the HFD group, as compared to
the BFD group, following ingestion.

Table 2. Effect of various treatments on serum levels of FFA, FAS, and ACC activities

Groups FFA FAS ACC
(umol/ml) (ng/ml) (ng/ml)
BFD 0.479 2+0.05 32.25%46.10 6.15%+1.05
HFD 1.292 °+0.06 52.7°+8.10 12.82°+1.00
HFD+LKGM 1.154°+0.04 49.11° +4.25 10.21°+0.9
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HFD+MKGM 0.905 ©+0.08 38.33°+5.20 6.959+0.75

HFD+HKGM 0.913 ©+0.03 39.05° +4.15 6.80¢+1.00

BFD=Basal fat diet; HFD=High-fat diet; LKGM=Low glucomannan; MKGM=Medium glucomannan; HKGM=High glucomannan (n=12).

HFD increased glucose and insulin levels over those of the  4.7%, 46.0%, and 48.2%, respectively) over those of the HFD
control  group. Meanwhile, KGM supplementation  group. An HFD significantly reduced liver glycogen over that
significantly downregulated fasting glucose levels depending  of the control group. In contrast to the HFD group, KGM
on the given doses (by 8.1%, 46.8%, and 49.7%, respectively)  supplementation increased liver glycogen levels in a dose-
over those of the HDF group. Furthermore, KGM  dependent manner (Table 3).

supplementation significantly decreased insulin levels (by

Table 3. Effect of various treatments on serum levels of glucose, insulin, and liver glycogen

Clucos ey chycoper
BFD 95.32+3.2 5.80°+0.8 4.55°+0.35
HFD 198.5°+1.5 11.02°+0.1 0.15°+0.02

HFD+LKGM 182.3°42.2 10.50°+0.7 1.80°+0.25
HFD+MKGM 105.5%+1.5 5.95%+0.5 3.00%+0.30
HFD+HKGM 99.8%+3.2 5.70°+0.9 4.15%0.45

BFD=Basal fat diet; HFD=High-fat diet; LKGM=Low glucomannan; MKGM=Medium glucomannan; HKGM=High glucomannan (n=12)

Table 4 showed an increase in the level of liver enzyme  decreased gradually (by 4-6%, 15.8%, and 22.6% for ALT,
activities in the HFD group compared with that seen in the  respectively and by 3.4%, 32.5%, and 43.5% for AST,
BFD group, and under KGM supplementation these values  respectively) compared with the HDF group.

Table 4. Effect of various treatments on serum enzyme activities ALT and AST in all rat groups

Groups ALT (U/L) AST (U/L)
Negative Control (C) 52.7%+5.8 49.3245.2
Positive Control (HFD) 70.5°+6.5 92.3°+7.9
HFD+LKGM 67.2°+6.1 89.1°+6.3
HFD+MKGM 59.3°+4.9 62.3°+3.7
HFD+HKGM 54.5%+4.8 52.19+3.9

BFD=Basal fat diet; HFD=High-fat diet; LKGM=Low glucomannan; MKGM=Medium glucomannan; HKGM=High glucomannan (n=12)

Table 5 revealed the reduction of PC and  glucomannan ata high dose (10 g%) modulated the activities
phosphoenolpyruvate carboxykinase (PEP-CK) activities in  of both enzymes as compared to low (1 g%) and moderate (5
rats fed an HFD compared to control rats. Supplementing  g%) doses of glucomannan.

Table 5. Effect of various treatments on liver PC and PEP-CK activities

Groups . PC . PEPCK .
(pmol/min/mg protein) (nmol PEP/min/mg protein)
BFD 163.32+7.2 68.42+1.7
HFD 115.2°+4.3 49.3%+2.4
HFD+LKGM 125.3° 5.0 50.1°+1.2
HFD+MKGM 148.59+35 55.0°+1.5
HFD+HKGM 160.3°+5.8 61.49+1.8

BFD=Basal fat diet; HFD=High-fat diet; LKGM=Low glucomannan; MKGM=Medium glucomannan; HKGM=High glucomannan (n=12).
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Researchers in the fields of nutrition and medicine have
shown increasing interest in a variety of polysaccharides
extracted from higher plants, algae, mushrooms, and yeast in
recent years. The reasons for this interest include the low
toxicity, rarity, and mildness of the side effects of these
substances as well as their comparatively low cost and the
wide range of therapeutic functions they can perform. -
glucan and mannan are the two types of polysaccharides that
have been most researched [22]. It has been demonstrated that
polysaccharides activate macrophages in vivo by interacting
with the mannose receptor [23, 24]. As a result, activating
macrophages enables those cells to clear the blood of
atherogenic lipoproteins more efficiently.

TG and TC are normally released from the liver [25], whereas
FFA in serum might be transferred to the liver for de novo
lipogenesis [26]. Serum levels of HDL-C and LDL-C are also
closely related to lipid metabolism. In the present study,
serum concentrations of TG, TC, FFA, and LDL-c were
significantly higher in rats fed HFD than in rats fed BFD,
indicating increased endogenous lipid transport. This result is
consistent with studies that have found high plasma
concentrations of TC and TG attributable to lipid overload in
the liver due to high dietary fat intake [27, 28].

Supplementing diets with glucomannan resulted in
substantial reductions in blood concentrations of TC, TG, and
LDL-c, which demonstrates unequivocally that glucomannan
influences the regulation of lipid metabolism. This finding
was in line with the findings of research conducted on rats
that revealed that supplementing the diet with KGM
dramatically lowered concentrations of TC, TG, and FFA
[29]. In addition, the consumption of dietary glucomannan
led to an increase in the serum concentration of HDL-c in rats
that had been fed a high-carbohydrate HFD.

It has been shown that glucomannan can reduce hepatic lipid
deposition  through the activation of adenosine
monophosphate-activated kinase (AMPK) and peroxisome
proliferator-activated receptors (PPAR) pathways and down-
regulation of key lipid metabolism-related genes in mice fed
an HFD [30]. This result suggests that the effect of
glucomannan on hepatic lipid metabolism in rats may be due
to a combination of metabolic mechanisms, including 1)
decreased lipid synthesis by activating AMPK
phosphorylation and down-regulating the expression of
downstream targets of lipid metabolism of AMPK in the
liver; and 2) decreased lipid accumulation in rats by
simultaneously increasing lipid transport and lipid
degradation. Activation of the phosphatidylinositol 3-kinase
(PI3K) pathway and regulation of the expression of key genes
related to lipid metabolism suggest a function of KGM in the
prevention of HFD-induced nonalcoholic fatty liver
syndrome (NAFLS) in animals [29]. The effects of
glucomannan on fatty acid synthesis and ACC activity in the
liver have been investigated.

Increased fatty acid synthesis in the liver was seen in the
current study with FAS and ACC activity being considerably
upregulated in rats given an HFD compared to those fed a
BFD [25]. On the other hand, glucomannan in the diet
lowered the activity of these enzymes, indicating that this
substance slowed the pace at which lipids were synthesized.
It is well known that fatty acid oxidation and hepatic de novo
lipogenesis are the major metabolic processes controlling
hepatic lipid metabolism [31]. SREBP-1c and PPAR were
important regulators of lipogenesis and fatty acid oxidation
pathways, respectively, throughout metabolism [32]. By
increasing the expression of rate-limiting enzymes such as
FAS and ACC, the transcription factor SREBP-1c increases
fatty acid and triglyceride production [33]. First, under the
regulation of SREBP-1c and FAS, ACC, which acts as the
rate-limiting enzyme in the fatty acid production pathway,
catalyzes the conversion of acetyl-CoA to malonyl-CoA. As
a transcription factor in adipogenesis, peroxisome
proliferator-activated receptor (PPAR) contributes to the
formation of adipose tissue [14].

Elevated insulin levels stimulate lipogenesis and
gluconeogenesis in the liver [34] and muscle tissue [35], two
key steps in the synthesis of new lipids. The increased
synthesis of saturated and monounsaturated fatty acids and
triglycerides is caused by insulin-induced activation of genes
involved in lipid metabolism. Glucose fluxes from
gluconeogenesis, glycogen synthesis in the liver and muscle,
hepatic glycogenolysis, glycolysis, and other pathways
contribute to hepatic net glucose production [36], and the
liver plays a significant role in glycaemic control between
meals through regulating glucose transformation [37]. One of
how glucose and glycogen are produced in mammals is the
process of gluconeogenesis [38], which involves the
conversion of various nutrients (lactic acid, amino acids,
glycerol, etc.) into glucose and glycogen. Diabetes and
gluconeogenesis  are  inextricably  linked. ~ When
gluconeogenesis is more pronounced, the fasting blood sugar
level rises. Insulin’s roles include the suppression of
gluconeogenesis [39], which is the production of glucose, the
stimulation of the conversion of glucose into fat, the transport
of glucose to adipose tissue, and the storage of glucose.
Reducing glycogen formation in the liver, blocking
gluconeogenesis in the liver, and keeping fasting blood
glucose stable have all been demonstrated as benefits of
KGM administration [40]. Therefore, regulation of glycogen
synthesis by konjac and inhibition of gluconeogenesis may
also be associated with lowering blood glucose levels in rats.
The current investigation confirmed previous findings that an
HFD depletes liver glycogen reserves. Overfeeding with a
great deal of fat causes the liver to produce more glucose,
which leads to higher fasting levels of blood sugar. Compared
to the HFD group, the liver glycogen level rose in proportion
to the amount of glucomannan supplementation. Indirect
glycaemic control using the growth of gut probiotics has been
attributed to glucomannan [21]. Glucomannan can also
control blood sugar levels by modulating glucose metabolism
in the liver.
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KGM has been shown to lower blood sugar levels through
several mechanisms, including blocking the intestinal
absorption of cholesterol and bile acids [41]. KGM’s
hypoglycaemic mechanism mostly resides in its flow
properties as a soluble dietary fiber with high viscosity and
significant satiety. KGM may quickly expand in the stomach
after absorbing water, forming a very viscous konjac gum
solution that the stomach struggles to digest. This property
slows gastric emptying, lengthens the time it takes for food to
reach the small intestine from the stomach, and creates a layer
of stationary water on the surface of the intestinal mucosa
[15]. Blood sugar levels are lowered because this slows the
intestinal absorption of glucose and prevents the digestion
and absorption of most carbs and monosaccharides. Recent
studies have indicated that a diet high in glucomannan soluble
fiber can help control blood sugar levels and reduce the risk
of diabetes [42].

Both ALT and AST activities are often regarded as reliable
markers of liver injury because they are released into the
bloodstream from damaged hepatic cell membranes [43, 44].
In the present study, serum levels of ALT and AST were
measured after consumption of glucomannan for eight weeks
indicating the role of glucomannan in preventing liver
damage. The impairment of the liver is linked to metabolic
abnormalities and the development of glucose metabolic
diseases [36]. KGM influenced glycogen accumulation by
modulating the enzymatic activity of PC, the rate-limiting
enzyme in gluconeogenesis and glycolysis. Indirect
glycaemic modulation by KGM has been seen, with reports
showing that it promotes the growth of gut probiotics [21].
As a result, we hypothesized that KGM may directly control
blood glucose by influencing hepatic glucose metabolism.

Elevated KGM supplementation to 10% of the diet enhanced
the activities of gluconeogenic regulatory enzymes including
PC and PEPCK. Liver, adipose tissue, and pancreatic cells
have all been researched for their roles and control of PC in
metabolism due to PC’s contribution to fatty acid synthesis,
glucose homeostasis, and insulin secretion, respectively [45].
Consistent with its essential function in controlling TCA
cycle activity, gluconeogenesis, and overall energy balance,
PC activity is tightly regulated [46].

CoNCLUSION

Rats fed an HFD developed hepatic glucose and lipid
abnormalities. Glucomannan administration normalized the
hepatic glucose metabolism in HFD-fed rats with low fasting
blood glucose. Dietary KGM may be effective in preventing

obesity and diabetes as a nutritional intervention.
Supplementing HFD-fed rats with 10 g/100 g diet
glucomannan improves blood lipids, hepatic lipid

metabolism, and glucose hemostasis.
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