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ABSTRACT

Inulin is a polymer primarily composed of fructose units, and glucose unit at the end. It is
neither digested nor absorbed in the stomach, thus staying in the bowel. Although it gets
metabolized by bacteria in the colon to a gel that helps certain beneficial gut microflora
grow, it could be classified as a prebiotic. Multiple research studies have been conducted to
uncover its pharmacological use in various chronic disorders, but compiled information is
lacking in the current literature. The recent advances in its pharmacological effects such as
neuroprotective effects, anti-diabetic, hepatotoxicity, anti-oxidant, and anti-inflammatory
were discussed in this article. It showed promising pharmacological properties and can be
explored further for developing formulations against the neuro-disorders, diabetes, liver and
inflammatory bowel diseases.

INTRODUCTION

In 1804, German scientist Valentin Rose discovered inulin by extracting it from Inula
helenium roots. Inulin is a polymer primarily composed of fructose units, and glucose unit at
the end [1]. It is commonly found in herbs, fruits and vegetables, including garlic, bananas,
onions, wheat, leeks, chicory, Jerusalem artichokes, asparagus, and artichokes [2]. It is
utilized as an energy reserve and regulates cold resistance in these plants and found to be
water-soluble therefore osmotically active [3]. Certain plants protect themselves from cold
and drought during the winter period by changing their osmotic potential. This is achieved
by altering the degree of polymerization of inulin molecules through hydrolysis without



changing the total carbohydrate content
[4]. It is neither digested nor absorbed in
the stomach, thus staying in the bowel.
Although it gets metabolized by bacteria in
the colon to a gel that helps certain
beneficial gut microflora grow, it could be
classified as a prebiotic [5]. A significant
quantity of carbon dioxide, hydrogen,
and/or methane is released, which could be
responsible for bloating and flatulence. It
is commonly taken by mouth for weight
loss, constipation, diabetes, controlling
hyperlipidemia, preventing traveller's
diarrhoea, increasing calcium absorption in
adolescents, and different
conditions, but there is a lack of research

several

findings to aid most of these uses [6]. The
clinical trials have revealed that it causes
gastrointestinal adverse effects like
flatulence and bloating, which advocates
its use in moderate quantities [7].
Although, inulin is being used to find out
the glomerular filtration rate, it is not being
reabsorbed or secreted after introduction
into tubules due to its resistance to
enzymes and its high molecular weight [8].

Numerous research studies have been
conducted to uncover its pharmacological
use in various chronic disorders, but
compiled information is lacking in the
current literature. Hence, it was decided to
compile the recent development in sources,
process of extraction and pharmacological
applications which will help researchers
for further research. This review provides a
deep insight about inulin's sources,
chemistry & SAR, extraction process, role
of inulin in various therapeutic application
and its utilization as a functional ingredient
in the development of novel products.

SOURCES

Inulin is found in over 36,000 plant
species, such as chicory, agave, Jerusalem
artichoke, wheat, asparagus, onion, garlic
and banana, these plants have diverse
could be
responsible for these actions [Table 1]. The

therapeutic uses, inulin

dietary intake of the prehistoric hunter-
gatherer in the Chihuahuan Desert is
predicted to comprise 135 grams of inulin-
type fructans daily [9].
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Table 1: Sources of inulin

Sr

Source

Plant

part

Inulin
content

[g/100g]

Therapeutic use

Cynara cardunculus (Artichoke)

Leaves

85

Anti-rheumatic, diuretic,
lithontripic, early stages of
late-onset diabetes,
chronic liver/gall bladder
diseases, hepatitis,
arteriosclerosis and the
jaundice [10].

Articum lapp. L (Burdock)

Fruits and
Roots

50

Diabetes mellitus, skin
inflammation and
digestive tract diseases

[11].

Allium sativum (Garlic)

Rhizome

18-19

Diabetes and its
complications [12].

Cichorium intybus (Chicory)

Flowers

68

Diabetes mellitus, appetite
stimulant, gallstones,
gastroenteritis, sinus
problems, cuts, and bruises
[13].

Allium cepa (Onion)

Bulb

25

Antidiabetic effects,
bronchitis, pain and
swelling after bee or wasp
stings, inflammatory
disorders, asthma, ulcer
wounds dysentery, keloids
and scars [14].

Asparagus officinalis
asparagus)

(Garden

Root

2-3

Antidiabetic, remedy for
schistosomiasis and
tuberculosis [15].

Jerusalem artichoke (Artichoke) Root

53

Antidiabetic and increase
the beneficial intestinal
microbiota [16].
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Allium porrum (Leek)

Stem

16 Antidiabetic, gastric ulcer,
tuberculosis, anti -
hypertiensive and anti -
helmenthic, blood clotting
disease [17].

Triticum (Wheat)

Seed

1-4 Diabetes, Anti -cancer,
Strengthens the bones
[18].

10.

Musa (Banana)

Leaves

0.3-0.7  Antidiabetic, ant -cancer,
anti-ulcer. Anti-alzheimer's
disease, anti -infection,
anti-diarrhea,

hemorrhoids, anti -
diabetes, and anti -

hypertension [19].

11.

Taraxacum officinale
(Dandelions)

Leaves
Roots

Fruits

45 Anti-diabetes and anti -
cancer, diuretic, choleretic,
anti-inflammatory, anti -
rheumatic, digestive -
stimulant, alterative, and
depurative properties.
Anti-hypertension,
dyspepsia, irritable bowel
syndrome, and ovarian
androgen excess [20].

12.

Smallanthus sonchifolius
(Yacon)

Roots

Leaves

9.25+/-
0.44

Anti-diabetic [21].

13.

Hordeum vulgare (Barley)

Fruit

0.5-1.5 Anti-diabetic [22].

CHEMISTRY

Inulin's structure primarily consists of f-D-
fructosyl wunits connected by (2—1)
glycosidic bonds, typically terminating
with an a-D-glucosyl group linked via a
(12) bond. The fructose chain length

varies, generally ranging from 2 to 60

monomers, though it can extend up to 100.
Its physicochemical and functional
characteristics are influenced by the degree
of polymerization (DP) and structural
branching. Higher DP inulin serves as a
fiber-like prebiotic, offering potential
health benefits. However, as DP increases,

inulin’s solubility decreases.
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Figure 1: Structure of Inulin

Chemical formula:C12H22011
Molar mass:342.3 g/mol
Boiling point =563.5°C
Melting point=176-181°C
Density 1.85 g/cm?

pubchem CID: 24763

RECENT ADVANCES IN
THERAPEUTIC APPLICATIONS

Antidiabetic effect:

Diabetes is a medical disorder that affects
the process of converting food into energy.
Inulin has been screened for antidiabetic
effect. Inulin and resveratrol together
demonstrated renoprotective effects in
diabetic rats by reducing oxidative stress
and inflammation in kidney tissues,

NUJPS - 2024 | Vol. 11 | Issue 2

suggesting a low-cost treatment option for
diabetic nephropathy [23]. In another
study, inulin and Lycium barbarum
polysaccharides improved the gut barrier
and decreased hyperglycemia in rats by
altering the gut microbiota and stimulating
TLR2+ intraepithelial vy T cells in the gut
mucosa [24]. Furthermore, inulin-type
fructan demonstrated a protective effect
against gestational diabetes mice caused by
a  high-fat/sucrose diet [25]. In
experimental animals, inulin fermentable
fiber reduces type I diabetes via [L22 and
short-chain fatty acids [26]. Recent
research has indicated that inulin may
prove to be a useful treatment for diabetes.

Antioxidant activity:

Inulin showed anti-oxidant activity in
DPPH and ABTS radical scavenging assay
[27]. The anti-oxidant activity of inulin is
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correlated to its molecular characteristic
[28]. Inulin intake results in increase in
lactobacilli counts which increase lactic
acid synthesis, lactic acid itself has
antioxidant activity and thus inulin shows
antioxidant activity [29]. In one of the
studies, phosphorylated derivatives of
different
substitution degrees were prepared, the
findings demonstrated that
phosphorylation can  improve  its
physicochemical characteristics and

long-chain  inulin  with

biological activity, including antioxidant
effects, indicating its potential as a
functional food ingredient and quality
enhancer [28]. The effects of inulin
supplementation on HFD-induced obesity
with hepatic oxidative stress and anxiety-
related defensive behavior were evaluated.
Inulin supplementation restores the hepatic
redox balance followed by a decrease in
CAT activity and amounts of carbonylated
protein [30].

Anti-inflammatory effect

Inulin is a prebiotic and polysaccharide has
anti-inflammatory activity. A recent study
highlighted that inulin may assist in
managing recurrent inflammatory bowel
disease symptoms by modulating gut
microbiota, reducing inflammation, and
alleviating endoplasmic reticulum (ER)
stress [31]. Olsalazine-based MOF
nanoneedle/inulin gel hybrid
(Cu,(Olsa)/Gel)  reshaped  intestinal
homeostasis in inflammatory bowel
disease. Cu,(Olsa)/Gel displayed anti-
oxidative and anti-inflammatory effect and

enhanced bio-adhesion and colon retention
[32]. Inulin administration in mice with
type 2 diabetes (T2DM)
administration reduced diabetes-induced

Inulin

chronic inflammation and mitigated renal
damage [33].

Hepatoprotective property

Several research articles have proven
inulin’s hepatoprotective activity in their
study. Catechin grafted inulin was
investigated against carbon tetrachloride
(CCl,)-induced acute liver injury, it
showed higher in-vitro antioxidant activity
and stronger hepatoprotective effect in-
vivo than inulin [34]. Inulin was found to
be hepatoprotective against methotrexate
induced hepatotoxicity might be mediated
via the modulations of apoptotic and
oxidative stress factors [35]. Inulin-type
fructan demonstrated significant liver-
protective effects in vivo, likely due to its
antioxidant and  immune-regulating
properties [35]. Deoxynivalenol is a
Fusarium mycotoxin which induced
oxidative  stress, cytotoxicity and
genotoxicity. Inulin nanoparticles
alleviated DON toxicity [36]. Inulin helps
prevent non-alcoholic fatty liver disease by
regulating gut microbiota and inhibiting
the LPS-TLR4-My-NF-«kB-NLRP3
inflammatory pathway through the gut-
liver axis [37].

Neuroprotective effect

The recent research showed promising
neuroprotective effects of inulin, in one of
the studies, evening administration of
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inulin is more effective in reducing
inflammation and enhancing amino acid
metabolism and reduced CUMS-induced
anxiety and depression. This study
suggests a potential connection between
the microbiota-gut-brain axis and chrono-
nutrition, highlighting that optimal timing
of administration enhances intervention
effectiveness [38]. Inulin reduces blood-
brain barrier permeability and mitigates
behavioral disorders by regulating the
TLR4/MYDS88/NF-xB pathway  in
chronically stressed mice. Additionally, it
modifies gut microbiota to relieve post-
stroke depressive-like behavior through the
IGF-1-mediated MAPK signaling pathway
[40]. Prolonged
supplementation with inulin reduced

preventive

anxiety, cognitive impairments, and
dysbiosis in mice subjected to chronic
unpredictable stress [41].

REFERENCES

1. Drobnik, J., & Drobnik, E. (2016).
Timeline and bibliography of early
isolations of plant metabolites
(1770-1820) and their impact to
pharmacy: a critical study. Fitoterapia,
115, 155-164.

2. Boeckner, L. S., Schnepf, M. 1., &
Tungland, B. C. (2001). Inulin: a
review of nutritional and health
implications.

3. Shoaib, M., Shehzad, A., Omar, M.,
Rakha, A., Raza, H., Sharif, H. R., ...
& Niazi, S. (2016). Inulin: Properties,

NUJPS - 2024 | Vol. 11 | Issue 2

health benefits and food applications.
Carbohydrate polymers, 147, 444-
454,

Livingston, D. P., Hincha, D. K., &
Heyer, A. G. (2009). Fructan and its
relationship to abiotic stress tolerance
in plants. Cellular and Molecular Life
Sciences, 66, 2007-2023.

Teferra, T. F. (2021). Possible actions
of inulin as prebiotic polysaccharide:
A review. Food Frontiers, 2(4), 407-
416.

Ahmed, W., & Rashid, S. (2019).
Functional and therapeutic potential of
inulin: A comprehensive review.

Critical reviews in food science and
nutrition, 59(1), 1-13.

Azpiroz, F., Molne, L., Mendez, S.,
Nieto, A., Manichanh, C., Mego, M.,
. & Guarner, F. (2017). Effect of
chicory-derived inulin on abdominal
sensations and bowel motor function.
Journal of clinical gastroenterology,

51(7), 619-625.

Sterner, G., Frennby, B., Mansson, S.,
Nyman, U., Van Westen, D., & Almén,
T. (2008).
‘true’glomerular filtration rate in

Determining

healthy adults using infusion of inulin
and comparing it with values obtained
using other clearance techniques or
prediction equations. Scandinavian
journal of urology and nephrology,
42(3), 278-285.

85



10.

11.

12.

13.

86

Leach, J. D., & Sobolik, K. D. (2010).
High dietary intake of prebiotic
inulin-type fructans in the prehistoric
Chihuahuan Desert. British Journal of
Nutrition, 103(11), 1558-1561.

Raccuia, S. A., & Melilli, M. G.
(2004). Cynara cardunculus L., a
potential source of inulin in the
Mediterranean environment: screening
of genetic variability. Australian
Journal of Agricultural Research,
55(6), 693-698.

Moro, T. M., & Clerici, M. T. (2021).
Burdock (Arctium lappa L) roots as a
source of inulin-type fructans and
other bioactive compounds: Current
knowledge and future perspectives for
food and non-food applications. Food
Research International, 141, 109889.

Lara-Fiallos, M. V., Bastidas-Delgado,
L. A., Montalvo Villacreses, D. T,
Espin Valladares, R. C., Nufiez-Pérez,
J., Pérez Martinez, A., ... & Pais-
Chanfrau, J. M. (2021). Optimization
of inulin extraction from garlic
(Allium sativum L.) waste using the
response  surface  methodology.
Revista Educacion Madrid, 392(54),
2-31.

Zarroug, Y. O., Abdelkarim, A.,
Dorra, S. T., Hamdaoui, G., Felah, M.
E., & Hassouna, M. (2016).
Biochemical characterization of
tunisian Cichorium intybus L. roots
and optimization of ultrasonic inulin

14.

15.

16.

17.

18.

extraction. Mediterranean Journal of
Chemistry, 6(1), 674-685.

Aisara, J., Wongputtisin, P., Deejing,
S., Maneewong, C., Unban, K.,
Khanongnuch, C., & Kanpiengjai, A.
(2021).  Potential  of
fructooligosaccharides

produced from red onion (Allium

inulin-
extract

cepa var. viviparum (Metz) Mansf.) as
an alternative prebiotic product.
Plants, 10(11), 2401.

Hamdi, A., Viera-Alcaide, 1., Guillén-
Bejarano, R., Rodriguez-Arcos, R.,
Muioz, M. J., Monje Moreno, J. M.,
& Jiménez-Araujo, A. (2022).
Asparagus fructans as emerging
prebiotics. Foods, 12(1), 81.

Knudsen, B. K., & Hessov, 1. (1995).
Recovery of inulin from Jerusalem
artichoke (Helianthus tuberosus L.) in
the small intestine of man. British
Journal of Nutrition, 74(1), 101-113.

Tasar, O. C., Erdal, S., & Algur, O. F.
(2015). Utilization of Leek (Allium
ampeloprasum var. porrum) for
inulinase production. Preparative
Biochemistry and Biotechnology,

45(6), 596-604.

Verspreet, J., Cimini, S., Vergauwen,
R., Dornez, E., Locato, V., Le Roy,
K., ... & Courtin, C. M. (2013).
Fructan metabolism in developing
wheat (Triticum aestivum L.) kernels.
Plant and Cell Physiology, 54(12),
2047-2057.

RECENT ADVANCES IN PHARMACOLOGICAL PROPERTIES OF INULIN: A MINI REVIEW



19.

20.

21.

22.

23.

Cardenas, C. 1. C., Ham, M. D. L. M.,
Concha, L. A. C., Cauich, J. R. K,
Vergauwen, R., Reijnders, T., ... &
Medrano, R. M. E. G. (2015).
Fructans and other water soluble
carbohydrates in vegetative organs
and fruits of different Musa spp.
accessions.

Savych, A., Bilyk, O., Vaschuk, V., &
Humeniuk, 1. (2021). Analysis of
inulin and fructans in Taraxacum
officinale L. roots as the main inulin-
containing component of antidiabetic
herbal mixture. Pharmacia (0428-
0296), 68(3).

Di Barbaro, M. G., del Valle, E. E., &
Weht, C. (2022).
Topinambur (Helianthus tuberosus)
(Smallanthus
sonchifolius): nutraceutical crops?.

Brandidn de

and yacon

Wagner, W., & Wiemken, A. (1986).
Properties and Subcellular
Localization of Fruetan Hydrolase in
the Leaves of Barley (Hordeum
vulgare L. cv Gerbel). Journal of
Plant Physiology, 123(5), 429-439.

Ghavidel, F., Amiri, H., Tabrizi, M.
H., Alidadi, S., Hosseini, H., &
Sahebkar,  A. (2024). The
combinational effect of inulin and
resveratrol on the oxidative stress and
inflammation level in a rat model of
diabetic
Developments in Nutrition, 8(1),
102059.

nephropathy.  Current

NUJPS - 2024 | Vol. 11 | Issue 2

24,

25.

26.

27.

28.

Lu, H., Liu, P, Zhang, X., Bao, T.,
Wang, T., Guo, L., ... & Wang, H.
(2021). Inulin and Lycium barbarum
polysaccharides ameliorate diabetes
by enhancing gut barrier via
microbiota and
TLR2+
intraepithelial yo T cells in rats.
Journal of Functional Foods, 79,

104407.

modulating gut

activating gut mucosal

Miao, M., Wang, Q., Wang, X., Fan,
C., Luan, T., Yan, L., ... & Li, P.
(2022). The protective effects of
inulin-type fructans against high-
fat/sucrose diet-induced gestational
diabetes mice in association with gut
microbiota regulation. Frontiers in
Microbiology, 13, 832151.

Zou, J., Reddivari, L., Shi, Z., Li, S.,
Wang, Y., Bretin, A., ... & Gewirtz,
A. T. (2021). Inulin fermentable fiber
ameliorates type I diabetes via 1L22
and short-chain fatty
experimental models. Cellular and
molecular  gastroenterology
hepatology, 12(3), 983-1000.

acids 1n

and

Shen, J., Jiao, W., Yuan, B., Xie, H.,
Chen, Z., Wei, M., ... & Jin, Y.
(2024). Oral
Curcumin—Thioketal-Inulin
Conjugate Micelles against
Radiation—Induced Enteritis.
Antioxidants, 13(4), 417.

Tang, Y., Zhu, Y., Wang, X., Peng,
H., Wang, Z., Yue, C., ... & Luo, D.

(2024). Study of the structural

87



29.

30.

31.

32.

88

characterization, physicochemical
properties and antioxidant activities
of phosphorylated long-chain inulin
with different degrees of substitution.
International Journal of Biological

Macromolecules, 263, 130139.

Wang, Q., Lin, Y., Zhang, H., Fan,
W., Li, S., Ruan, G., & Fang, L.
(2024). Positive impacts of dietary
prebiotic  inulin  on  growth
performance, antioxidant capacity,
immunity, and intestinal microbiota
of red swamp crayfish (Procambarus

clarkii). Aquaculture International,

32(1), 775-794.

Vieira, L. G., de Noronha, S. I. S. R.,
Chirico, M. T. T., de Souza, A. B., de
Matos, N. A., Chianca-Jr, D. A., ... &
de Menezes, R. C. (2024). The
impact of high-fat diet consumption
and inulin fiber supplementation on
anxiety-related behaviors and liver
oxidative status in female Wistar rats.
Behavioural Brain Research, 470,
115048.

Our results highlight that inulin can
IBD
symptoms by modulating microbiota

improve stress-recurrent
composition, reducing inflammation,
and alleviating ER stress. These
findings suggested the therapeutic
potential of inulin as a dietary
intervention for ameliorating stress-
recurrent IBD.

Zhang, Z., Pan, Y., Guo, Z., Fan, X.,
Pan, Q., Gao, W., ... & He, B.

RECENT ADVANCES IN PHARMACOLOGICAL PROPERTIES OF INULIN: A MINI REVIEW

33.

34.

35.

36.

(2024). An olsalazine nanoneedle-
embedded inulin hydrogel reshapes
intestinal homeostasis in
inflammatory  bowel  disease.

Bioactive Materials, 33, 71-84.

He, J., Li, X., Yan, M., Chen, X.,
Sun, C., Tan, J., ... & Yang, Z.
(2024). Inulin Reduces
Damage in Type 2 Diabetic Mice by

Kidney

Decreasing Inflammation and Serum
Metabolomics. Journal of Diabetes
Research, 2024(1), 1222395.

Liu, J., Lu, J. F., Wen, X. Y., Kan, J.,
& Jin, C. H. (2015). Antioxidant and
protective effect of inulin and
catechin grafted inulin against CCl4-
induced liver injury. International
journal of biological
macromolecules, 72, 1479-1484.

Corréa-Ferreira, M. L., Verdan, M.
H., dos Reis Livero, F. A., Galuppo,
L. F, Telles, J. E. Q., Stefanello, M.
E. A., ... & de Oliveira Petkowicz, C.
L. (2017). Inulin-type fructan and
infusion of Artemisia vulgaris
protect the liver against carbon
tetrachloride-induced liver injury.

Phytomedicine, 24, 68-76.

Abdel-Wahhab, M. A., El-Nekeety,
A. A., Salman, A. S., Abdel-Aziem,
S. H., Mehaya, F. M., & Hassan, N.
S. (2018). Protective capabilities of
silymarin and inulin nanoparticles
against hepatic oxidative stress,
genotoxicity and cytotoxicity of



37.

38.

39.

Deoxynivalenol in rats. Toxicon,
142, 1-13.

Bao, T., He, F., Zhang, X., Zhu, L.,
Wang, Z., Lu, H., ... & Wang, H.
(2020). Inulin exerts beneficial
effects on non-alcoholic fatty liver
disease  via  modulating gut
microbiome and suppressing the
lipopolysaccharide-toll-like receptor
4-my-nuclear  factor-kb-nod-like
receptor protein 3 pathway via gut-
liver axis in mice. Frontiers in
Pharmacology, 11, 558525.

Chen, P., Chen, F., Hou, T., Hu, X.,
Xia, C., Zhang, J., ... & Li, K.
(2024). Evening inulin treatment
alleviate anxiety and depression via
gut-brain axis: A crucial role for
acids

microbiota and amino

metabolism.

Wang, L., Wang, Z., Lan, Y., Tuo, Y.,
Ma, S., & Liu, X. (2023). Inulin
blood-brain
permeability and

attenuates barrier
alleviates
behavioral disorders by modulating
the TLR4/MyD88/NF-«xB pathway in
mice with chronic stress. Journal of
Agricultural and Food Chemistry,

71(36), 13325-13337.

NUJPS - 2024 | Vol. 11 | Issue 2

40. Shao, R., Tan, X., Pan, M., Huang,

41.

J., Huang, L., Bi, B., ... & Li, X.
(2024). Inulin alters gut microbiota
to alleviate post stroke depressive
like behavior associated with the IGF
1  mediated MAPK
pathway. Brain and Behavior, 14(1),
e3387.

signaling

Szala-Rycaj, J., Szewczyk, A.,
Zagaja, M., Kaczmarczyk-Ziemba,
A., Maj, M., & Andres-Mach, M.
(2023). The Influence of topinambur
and inulin preventive
supplementation on microbiota,

anxious behavior, cognitive
functions and neurogenesis in mice
exposed to the chronic unpredictable

mild stress. Nutrients, 15(9), 2041

89



	NUJPs Jul - Dec 2024
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93


