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Diabetes mellitus (DM) is a chronic disease that occurs when the body cannot
produce or use insulin properly. It is considered one of the most prevalent and
fastest-growing diseases in the world, expected to affect 693 million adults by
2045. DM can cause mortalities and morbidities, although this is not directly
caused by diabetes, persistent hyperglycemia can lead to serious physical
consequences such as blindness, kidney failure, heart disease, and peripheral
nerve damage. Treatment of these complications includes removing the main
symptoms and maintaining good glycemic control. DM continues to put
economic and health pressures on individuals and countries and affects the
quality of life of patients. It’s miles crucial to search for newer and more
effective antidiabetic agents with fewer adverse effects in cheaper costs to
minimize the current and future burden of diabetes. Recently, endophytic fungi
have received a great deal of attention due to their ability to produce secondary
metabolites like those of the host plant. This provides an opportunity to cheaply
produce therapeutic natural compounds that can overcome diseases such as
diabetes. Recent research has focused on thoroughly understanding the role of
endophytes and their impact on diabetes. They showed promising results and
paved the way for future research to extract and find new bioactive substances
with anti-diabetic properties. The current review focuses on the endophytic
fungi-hosted anti-diabetic medicinal plants as a source of a-Amylase and a-
Glucosidase inhibitors.

Published by Arab Society for Fungal Conservation

*Corresponding author Email address: pureheart.om@gmail.com (Basant M. Khader)

u%
i)
2

"t e, 2

S
£
L]

Foe


http://mb.journals.ekb.eg/

Khader et al. 2023

Introduction

Diabetes mellitus (DM) is a general term for heterogeneous
metabolic disorders, the main manifestation of which is
chronic hyperglycemia. The cause is impaired insulin
secretion insulin action, or both (Kerner & Briickel 2014).
It is a common disease that has caused serious public
concern, and it has emerged as one of the biggest new
threats to public health (Guariguata et al.2014). The
chronic complications of diabetes mellitus affect many
organ systems and are responsible for most of the
morbidity and mortality (Tripathi & Srivastava 2006). It
can lead to various complications such as diabetic
nephropathy, diabetic cardiovascular complications,
neuropathy, and eye and liver complications (Meng et al.
2019). It also can confuse the body's immune system.
Several immune alterations have been reported in diabetes,
with major impairment of cell-mediated immunity and
alterations of polymorphonuclear cells, monocytes, and
lymphocytes (Calvet & Yoshikawa 2001). Severe
macrovascular (cardiovascular disease) and microvascular
complications (such as diabetic kidney disease, diabetic
retinopathy, and neuropathy) lead to increased mortality,
blindness, and renal failure in people with diabetes and
overall result in a significant deterioration in the quality of
life (Cole. 2020).

The IDF Diabetes Atlas tenth version reviews an
endured worldwide growth in diabetes prevalence,
confirming diabetes as a significant global challenge to the
health and wellness of individuals, households, and
societies .537 million adults (20-79 years) are living with
diabetes This represents one out of every ten people. This
number is expected to further increase to 643 million by
2030 and 783 million by 2045. More than three out of every
four adults with diabetes Live in low-income and middle-
income countries. In 2021 Diabetes was responsible for 6.7
million deaths at a rate of one death every five seconds.
Egypt is one of the 21 countries and territories of the
International Diabetes Federation (IDF) Middle East and
North Africa (MENA) region. IDF reported that 463
million people have diabetes in the world and 55 million
people in the MENA Region; by 2045 this will rise to 108
million. In Egypt, the total adult population is about
58,091,500, and prevalence of diabetes in adults is 15.2%
and the total number of cases of diabetes in adults is
8,850,400.

Adjusted for inflation, the economic cost of diabetes
increased by 26% from 2012 to 2017 due to rising diabetes
prevalence and higher costs per person with diabetes
(American Diabetes Association 2018). The economic
burden of type 1 and type 2 diabetes in Egypt was
calculated using the exchange rate EGP 1 = USD 0.13976
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to the equivalent of (25.2 billion EGP) (3.5 billion USD).
Direct medical costs were calculated at (EGP 22.3 billion),
with DM complications accounting for the highest
proportion (65%) (EGP 14.4 billion) (Assaad-Khalil et al.
2017).

Diabetes-like clinical symptoms were described by the
ancient Egyptians 3000 years ago. Araetus of Cappadocia
was the first to coin the term diabetes (81-133 AD). Later,
after rediscovering the sweetness of the urine and blood of
patients, he added the word mellitus (the sweetness of
honey) in 1675 by Thomas Willis (England) (first noticed
by the ancient Indians). It wasn't until 1776 that Dobson
(England) first confirmed that excess sugar in the urine and
blood was the cause of the sweetness (Ahmed. 2002).

There are several categories of DM, including type 1,
type 2, maturity-onset diabetes of the young (MODY),
gestational diabetes, neonatal diabetes, and secondary
causes such as endocrine disorders and steroid use. The
main subtypes of DM are type 1 diabetes (insulin-
dependent diabetes) and type 2 diabetes (no insulin-
dependent diabetes), Each has different pathophysiology,
symptoms, and treatments, but both can cause
hyperglycemia (Sapra & Bhandari 2022). Type 1 diabetes
is generally thought to result from the irreversible loss of
insulin-producing beta cells. (Meier et al.2005). type 1
diabetes mainly affects patients in children and adolescents
it accounts for 5-10% of all diabetes cases worldwide.
People with type 2 diabetes cannot produce enough insulin
and metabolize it effectively. With this type of diabetes,
impossible increase in insulin secretion Encounter by
pancreatic B-cells Abnormalities in their function (Halban
et al.2014). This form of the disorder is more common in
the elderly and accounts for 90-95% of all diabetes cases
(Guariguata et al. 2014). Type 2 diabetes is becoming more
common, largely due to sedentary lifestyles and rising
obesity (Tuomilehto et al.2001). Despite the crucial
etiologic role of lifestyle and environmental factors, it has
for years been recognized that genetic factors are important
for the development of type 2 diabetes (Grarup et al.
2010).

Insulin resistance in target tissues (liver, muscle,
adipose tissue, myocardium) is a common symptom of
type 2 diabetes, particularly in obese people. As a result,
both excess and insufficient glucose is produced.
Additionally, increased fatty acid transport to the liver
encourages their oxidation, which helps to boost
gluconeogenesis, but an absolute excess of lipoproteins
encourages hepatosteatosis (Groop & Ferrannini 1993).

Hyperglycemia
Any increase in blood sugar is the result of more
glucose entering the body than leaving through the
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Fig 1. Microvascular and macrovascular complications of diabetes mellitus.

plasma compartment. Hyperglycemia is closely
correlated with increased hepatic glucose synthesis when
fasting. Further glucose excursions occur after meals
because of inadequate insulin stimulation of glucose
elimination in target tissues and insufficient inhibition of
this glucose output (Inzucchi et al. 2012).

Postprandial hyperglycemia refers to postprandial
plasma glucose concentration and is determined by many
factors, including meal timing, amount and composition,
meal carbohydrate content and composition, insulin, and
glucagon secretion, etc. In diabetes, Postprandial
hyperglycemia is characterized by hyperglycemic spikes
that induce endothelial dysfunction, inflammatory
responses, and oxidative stress, which can lead to the
progression of atherosclerosis and the development of
cardiovascular ~ events.  Therefore,  postprandial
hyperglycemia is one of the most important
pathophysiological disorders leading to vascular disease.
(Node & Inoue 2009). With rising hyperglycemia
concentrations, the chance of acquiring diabetic
complications rises. In, type 2 patients, lowering
hyperglycemia lowers the risk of complications (Stratton
et al. 2000).

The postprandial increase in blood glucose levels is
primarily the result of carbohydrate hydrolysis, a process
catalyzed by the enzymes a-glucosidase and a-amylase
(Watanabe et al. 1997). An a-amylase called petyaline is
produced by the salivary glands where it acts as a
monomer and mediates the hydrolysis of a-1,4-
glucosidic bonds of oligosaccharides. o-Glucosidase
located in the brush border of the small intestine
hydrolyzes terminal non-reducing (1—4)-linked o-
glucose residues to release a single a-glucose molecule
After that, it is absorbed into the blood from the small
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intestine, and the remaining oligosaccharides are
hydrolyzed by pancreatic amylase which secreted from
the pancreas into the small intestine (Mwakalukwa et al.

2020).

Synthetic inhibitors of a-amylase and a-glucosidase
enzymes

The most difficult goal in treating diabetes mellitus
patients is to bring blood sugar levels as close to normal
as possible. To date, 6 classes of oral antihyperglycemic
drugs are available: biguanides  (metformin),
sulphonylurea (eg, tolbutamide, chlorpropamide),
glinidines (eg, repaglinide, nateglinide),
thiazolidinediones  (e.g., pioglitazone), dipeptidyl
peptidase 1V inhibitors (e.g., sitagliptin, saxagliptin) and
alpha-glucosidase inhibitors (AGls; eg,
acarbose) (Nathan et al. 2007).

a-amylase and a-glucosidase inhibitors are
antidiabetic drugs that act by competitively inhibiting a-
amylase and a-glucosidase. These inhibitors slow the
digestion of carbohydrates and thus postprandial glucose
absorption, leading to attenuation of postprandial plasma
glucose and insulin levels and diabetic patients (Priebe et
al. 2018). a -glucosidase inhibitors are advised by many
national and international guidelines as a first-line option
to metformin or in combination with sulfonylureas,
metformin, other more recent oral hypoglycemic
medications, or insulin (Joshi et al. 2015).

The synthetic drugs of this kind that have been
studied the maximum notably are acarbose, miglitol, and
Voglibose of which voglibose is the newest. The
mechanisms of action of these different inhibitors are
similar though not identical. (Ismail & Deshmukh 2012).
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Acarbose is a complicated oligosaccharide
(tetrasaccharide derivative) that acts as a competitive,
reversible inhibitor of alpha-glucosidase and pancreatic
alpha-amylase with antihyperglycemic activity (Joshi et
al. 2015). Acarbose is structurally like natural
oligosaccharides but has a 10 to 10-fold higher affinity
for a-glucosidase. This competitively inhibits these
enzyme complexes and reduces the availability of
oligosaccharides from food starch. (Rosak & Mertes
2012).

Miglitol, on the other hand, is a small molecule
(iminosugar), carefully associated with glucose inside the
pyranose shape and is properly absorbed with a100%
systemic bioavailability (Ramsch et al.1985). Miglitol
has low inhibitory activity against lactase. Neither
acarbose nor voglibose shows inhibitory activity against
lactase (Dabhi et al. 2013).

Voglibose is an N-substituted derivative of
valiolamine, a reversible inhibitor of membrane-bound
intestines o glycosidase hydrolize. Voglibose delays the
absorption as well as digestion of dietary polysaccharides
(Dabhi et al. 2013). Being a new potent glucosidase
inhibitor, it has shown potent anti-obesity and anti-
diabetic activity (Chen et al. 2006).

Because these inhibitors have significant side effects
such as diarrhea, abdominal discomfort, and
gastrointestinal disturbances, new molecules with fewer
side effects are needed (Singh & Kaur 2016; Playford et
al. 2013).

Endophytic fungi

Endophytic fungi are a group of microorganisms
that inhabit plant tissues throughout all or part of their life
cycle without causing adverse effects or diseases and
they can be fungi, bacteria, and actinomycetes. The term
endophyte came from two Greek words: "endon"
meaning inside and "phyton" meaning plant. The term
“endophyte” was first proposed by de Bary in 1866 as
“any organism that grows within plant tissues are termed
as endophytes,”. Since its first description in Darnell
(Lolium temulentum) (Freeman. 1904), endophytes have
been isolated from various organs of various plant
species, bryophytes, lycophytes, ferns, and tropical
spermatozoa. have been separated. To the Arctic, from
wilderness to agroecosystems (Arnold. 2007). over 100
years of research suggests that most, if not all, plants in
natural ecosystems are symbiotic with fungal endophytes
(Petrini. 1986). plants and fungal endophytes interacted
since approximately 400 million years ago, fossilized
fungal hyphae and spores from the Wisconsin Ordovician
period (about 460 million years old) closely resemble
modern arbuscular mycorrhizal fungi (Glomales,
Zygomycetes), these fungi may have played a vital role
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in facilitating land colonization of plants (Krings et al.
2007).

Fungal endophytes constitute a major part of
unexplored and underrated fungal diversity. Remarkably,
of the approximately 300,000 species of plants that exist
on Earth, all have one or more endophytes. Few of these
plants have been thoroughly studied from an endophytic
point of view. As a result, the opportunities to discover
new and interesting endophytic microorganisms among
myriad plants in a wide variety of environments and
ecosystems are great (Strobel & Daisy 2003).

Exciting possibilities exist for using endophytic
fungi to produce copious quantities of known and novel
biologically active secondary metabolites (Kusari et
al.2012, Yan et al. 2011). The number of secondary
metabolites produced by fungal endophytes is greater
than any other class of endophytic microorganisms. This
may be the result of frequent isolation of fungal
endophytes from plants (Zhang et al.2006). Fungal
endophytes provide a rich and diverse source of bioactive
molecules being continuously explored for food, health,
and environmental applications.

Fungal endophytes have been classified according to
evolutionary relatedness, taxonomy, host plant range,
and ecological function into two groups, the
clavicipitceous (C) and the non-clavicipitaceous (NC)
(Rodriguez et al. 2009).

Endophytes are dormant in some parts of plants, and
their growth and biochemistry are influenced by plant
products (Stone et al. 2000). The interactions between
endophytic fungi and host plants are deciphered as a
balance under environmental, physiological, and genetic
control, resulting in fitness benefits for both partners
(Kogel et al. 2006). The concept of balanced antagonism
implies that endophytes proactively prevent the
activation of host defenses Inactivated by host toxic
metabolites. This allows endophytes to grow invisibly
within the host (Silva et al. 2022). Further research at the
molecular level in this area is needed to better understand
host-endophyte interactions (Tan & Zou 2001).

The major factors controlling endophytic
colonization within a plant include plant genotype, plant
growth stage, plant physiological state, plant tissue type,
and soil environmental conditions. Cultivation methods,
sampling times, surface sterility, selective media and
culture conditions, and various agricultural practices
(Gaiero et al.2013). Endophytes can contribute to the host
plant by producing substantial amounts of substances that
provide protection and ultimately survival value to the
plant (Strobel et al.2004). and some of these compounds
are useful in new drug discovery (Guo et al .2008).

During the long co-evolution of endophytes and
their host plants, endophytes have adapted to specific
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microenvironments through genetic variation, including
integrating portions of plant DNA into their genomes
(Germaine. 2004). Their co-evolution means that
endophytes produce compounds that are the same or
similar to those derived from plants (Kaul et al.2012).

Enhdophytic fungi as a source of natural bioactive
products

Secondary metabolites are natural products that play
no direct role in the uptake, development, and
reproduction of organisms. In microbes (such as
endophytes), they are specific to specific ecological
niches, mainly for specific phenotypic functions
(crosstalk ~ with  related  organisms,  chemical
warfare/defense, etc.) It is biosynthesized under biotic or
abiotic selection pressure (Kusari et al. 2014). They are a
continuous source of new bioactive substances A
metabolite with widespread effects on modern human
medicine. About 68% of antimicrobial compounds and
34% of products used to treat cancer are both Natural
products and their derivatives (Newman & Cragg 2007).

Endophytes are a rich source of novel organic
compounds with interesting biological and chemical
activities with elevated levels of biodiversity (Tan & Zou
2001). Natural products from fungal endophytes have a
wide range of biological activities and include several
alkaloids, steroids, terpenoids, isocoumarins, quinones,
phenylpropanoids and lignans, phenolic and phenolic
acids, aliphatic metabolites, lactones, etc. (Schulz et
al.2002). Bioprospecting of endophytes to search for
novel metabolites has attracted a great deal of attention
worldwide (Gouda et al. 2016). certain endophytes
biosynthesize some of the 'phytochemicals’ originally
associated with the host plant (Stierle et al. 1993).
Extraction from plant sources has several drawbacks,
such as dependence on seasonal, climatic, and political
conditions, as well as potential ecological problems
associated with extraction (Shukla et al. 2014). As a
result, direct production of these substances from plant
tissue may be substituted since many endangered plant
species have been reported to be indiscriminately used in
search of therapeutic methods (Chen et al.2016). Due to
the short generation time, fast growth rate, high biomass
production, and good handling in bioreactors of
microorganisms, endophytes are suitable to produce
functional substances in various fields such as medicine,
agriculture, and industry. In contrast to slow-growing
endangered host plants (Guo et al. 2008; Ludwig-Mdiller
2015).

Taxol, which was the first anticancer drug
discovered, was found in small quantities in Taxus sp.,
slow-growing trees found in the Pacific regions. Taxol
has become one of the best-selling anticancer drugs
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worldwide. Taxomyces andreanae, a fungal endophyte,
were isolated from the phloem (inside the bark) of the
Pacific yew Taxus brevifolia. This fungus is a
filamentous fungus that produces taxol and related
compounds when grown in semi-synthetic liquid media
(Stierle et al. 1993). In addition to the clinically
recognized antineoplastic agent Taxol, studies of
endophytes have identified potential agents including
antimicrobials, antioxidants, anticancer, antivirals,
antidiabetics, anti-alzheimer's agents, anti-rheumatoid,
and immuno-suppressants. is produced (Salem & Abdel-
Azeem 2014; Abdel-Azeem et al. 2016; Abo Nahas et al.
2023). These discoveries offer hope for tackling terminal
diseases, drug resistance, and other human health
challenges (Shukla et al. 2014).

Endophytic fungi, particularly those from higher
plants, have become a rich source of bioactive and novel
chemicals with fascinating biological roles and a high
level of variety (Abdel-Azeem et al. 2018; Attia et al.
2020; Balbool & Abdel-Azeem 2020; Balbool et al.
2020; Romeiro dos Santos et al. 2021; Moubasher et al.
2022; Mohamed et al. 2023).

Endophytic fungi from medicinal plants

To isolate novel endophytic microorganisms and
create the best methods to produce novel bioactive
substances, it is important to understand the methods and
rationale used. Given the sheer number of plant species
in the world, creative and imaginative strategies must be
employed to rapidly narrow down the search for
bioactive endophytes (Strobel & Daisy 2003).

Selection of plants for endophytic isolation is based
on four selection strategies according to Abdel-Azeem et
al. (2019) as follows:

1- Plants growing in areas of high biodiversity may
also harbor high biodiversity endophytes.

2- Plants that grow in special habitats, especially
degraded ecological environments, have special
viability.

3- Anplant that is somewhere utilized as a traditional
medicine for human use (ethnobotanically
important plant).

4- Certain ancient land-dwelling plants are more
likely than others to possess endophytes with
active natural products (Endemic plants).

When comparing endophytic hosts, medicinal plants
are the most frequently used (35%), followed by crops
(29%), special environment plants (18%), and other
plants (18%) (Yu et al. 2010).

Medicinal plants have existed since time immemorial
Used as raw material for medicine. Almost all cultures of
the world know the therapeutic properties of local plants
(Kaul et al. 2012) In recent years, herbal medicine has
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received increasing attention and Popularity in the
current medical and commercial field. Despite the long
history, of the identification of the use of herbal
medicines in folk medicine the use of active herbal
ingredients may lead to the discovery of new perspectives
Therapeutic applications, and the production of natural
medicines (Amer & Mohammad 2022). Traditional
medicine used since ancient times for the treatment of
human diseases in Egypt (Abdel-Azim 2011) The
medicinal use of herbal preparations in Egyptian culture
dates to 1900 BC. Documented. In medical manuscripts
on papyrus. The "Egyptian Pharmacopoeia” contains
remedies of plant, mineral, and animal origin, containing
over 700 medicines for the treatment or alleviation of
over 200 different ailments (Abu-Elsaoud 2010) A
considerable number of Egyptian herbs are known to be
used in folk medicine. Many Egyptian medicinal plants
are used in the treatment of a wide variety of diseases e.g.,
diabetes. (Boulos 1983, Abdel Wahab et al. 1987).

Medicinal plants are a valuable source of herbal
products worldwide. Medicinal plants contain various
chemicals with important therapeutic properties that can
be used to treat human diseases. Up to 80% of people in
developing countries combined rely on herbal medicine
for basic medical care, and over 25% of prescribed drugs
are developed Country comes from wild plant species
(Hamilton 2004). According to WHO, 65% to 80% of the
population in developing countries currently uses
medicinal plants as medicines.

Plants used in traditional medicine are a rich source
in the search for new bioactive endophytic fungal strains.
The endophytic diversity of plants of medicinal
importance has received increasing interest in recent
years as it plays a vital role in the discovery of natural
products. Screening bioactive compounds from fungal
endophytes isolated from medicinal plants is considered
a promising avenue for discovering highly abundant and
diverse new molecules that are used in the treatment of
many diseases. They are therefore the basis for new drugs
discovered.

Techniques of Bioprospecting Endophytes and their
bioactive product

After a plant is chosen for study, it's far identified,
and its place is plotted with the usage of a global
positioning device. The first step to observe endophytic
fungi is the gathering of plant material. The samples
ought to be in a sterile plastic box or bag, transferred to a
groovy field at a managed temperature till isolation
strategies can start, and ideally processed within 24 hours
after sampling.

A typical surface sterilization protocol involves
washing the plant material under running water, and
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chemically sterilizing it using one or more chemicals
such as ethanol, sodium hypochlorite, or mercuric
chloride, followed by thorough rinsing with water.
rinsing and finally inoculating the sterile explants into an
appropriate medium. An effective sterilization protocol
removes all epiphytic bacteria with little or negligible
phytotoxicity. (Abdel-Azeem & Salem 2012, Sahu et al.
2022).

Several media protocols are available for acquiring
endophytes. Depending on research objectives and
habitat characteristics, commonly used media can be
supplemented with nutrients or replaced with specific
media to better achieve research objectives (dos Reis
2022).

Morphological and molecular identification of
isolated endophytes is based on using relevant
identification keys and confirmatory sequencing by 18S
rRNA gene or ITS rDNA sequence (ITS1 or ITS2
internal transcribed spacer) (Wijekoon 2021).

4
a-Amylase and a- 2 2 —\
Glucosidase Inhibition
assay

Total phenolic
stotal flavonoid,
GC-MS analysis ioxi

assay

Fig 2. Bioprospecting endophytes and their bioactive
product e.g. antidiabetic inhibitor.

Endophytic fungi as a potential source of antidiabetic
agents

Nature has provided natural resources with a rich,
vast, and highly diverse chemical database that can be
searched for potential therapeutic agents through
bioactivity-directed screening. Many plants have been
reported to have antidiabetic effects by inhibiting the
enzymes o-amylase and o-glucosidase (Nair 2013).
However, microbial sources of bioactive compounds are
easier and more economical to produce (Zhang et al.
2006; Strobel et al. 2004; Schulz et al. 2002). Although
endophytes live within plants, they do not harm the host
plant and are relatively understudied as a major source of
bioactive metabolites such as antidiabetic drugs (Bilal et
al.2018; Artanti et al. 2012; Pavithra et al.2014; Ye et
al.2021). The ability of endophytic fungi to co-produce
bioactive compounds with their host plants provides an



Khader et al. 2023

opportunity to obtain natural, inexpensive, and
environmentally friendly precursors to antidiabetic drugs
(Dompeipen 2011).

Over the past decade, scientists have tried to take
advantage of the fact that the endophytic fungi isolated
from antidiabetic medicinal plants can produce the same
bioactive compound that the plant produces in their
attempt to extract and find an effective treatment to
inhibit alpha-amylase and alpha-glucosidase
enzymes. Endophytic fungi are a potential source of
novel antidiabetic drugs.

Grifola frondosa has been used as a remedy for type
2 diabetes, and its extracts can impact hyperglycemia and
hyperinsulinemia (Poucheret 2006).

Colletotrichum sp. TSC13 endophytic fungi isolated
from Taxus sumatrana has been described as a source of
three unsaturated fatty acid methyl esters, oleic acid,
linoleic acid, and linolenic acid methyl esters and two
saturated fatty acid methyl esters, palmitic acid and
stearic acid methyl esters that exhibits inhibitory activity
against o-glucosidase Unsaturated fatty acids showed
higher activity than the saturated fatty acids. So,
conclusion was reached that the alpha-glucosidase
inhibitor compounds in Colletotrichum sp. TSC13 were
unsaturated fatty acids. (Artanti et al., 2012).

Two naphthoquinones were isolated by chemical
analysis of the culture filtrate of the endophyte
Dendryphion nanum (Nees) S. Hughes isolated from the
leaves of Ficus religiosa collected from Goregaon,
Mumbai. Compound 1 induced glucose uptake in the rat
skeleton muscle in the presence of insulin with an EC50
of 0.80£0.090uM. rosiglitazone, known glucose uptake
activator (EC50 = 3.0 + 0.040 uM) Assay standard.
(Mishra et al. 2013).

Bioassay fractionation of bioactive organic extracts
obtained from solid-media cultures of MEXU 27095, an
endophytic fungus isolated from the Mexican medicinal
plant Hintonia latiflora (Rupiaceae), revealed thilavins
A, J, and three tridepsides identified as K were isolated.
The compounds inhibited Saccharomyces cerevisiae a-
glucosidase (aGHY) in a concentration-dependent
manner with IC50 values of 23.8, 15.8, and 22.1 uM,
respectively. Their inhibitory interest changed better than
that of acarbose (IC50=545 puM) used as a positive
control (Rivera-Chévez et al. 2013).

Twenty-two endophytes were isolated from the
antidiabetic plants Momordica charantia and Trigonella
foenum-graceum. Ethyl acetate extracts of all endophytic
fungal isolates were tested for inhibition potential of
aldose reductase and carbohydrate-metabolizing
enzymes. extracts from nine endophytic isolates were
positive for a-amylase and a-glucosidase inhibitors.
Crude extracts of fungal isolates PTFL005 and PTFL006
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showed promising inhibitory activity against a-amylase
with IC 50 values of 15.48 and 13.48 pg/ml, respectively.
In contrast, control acarbose had an IC 50 value of 22.38
ug/ml against o-amylase under similar experimental
conditions. Extracts of fungal isolates PTFL006 and
PTFLO11 showed to have potent a-glucosidase inhibitors
with I1C 50s of 17.37 and 10.71 ug/mL, close to standard
acarbose (6.53 pg/mL). (Pavithra et al.2014).

The endophytic fungus A. awamori, isolated from
the stems and leaves of A. nilotica plants, can produce
peptides with a-glycosidase and a-amylase inhibitory
activity. UHPLC amino acid analysis showed the
presence of serine, threonine, tyrosine, and valine amino
acids in the peptide The purified inhibitor exhibited a
mixed type of inhibition against alpha-amylase and
alpha-glucosidase with IC50 values of 3-75 and 5-625 ug
ml* respectively. (Singh & Kaur 2016).

The ability of Paecilomyces formos LHL10, an
endophytic fungus isolated from the roots of cucumber
plants, was tested to inhibit enzymes. The structures were
elucidated by spectroscopic analysis and comparison
with literature data, confirming that purified compounds
are known ester terpenoids (1) and known cyclic peptides
(2). As a result, it was shown that compound 1 and
compound 2 exhibited a significant inhibitory rate
against a-glucosidase in a dose-dependent manner.
Acarbose (100 pg/ml) was used as standard. Compounds
1 and 2 exhibited statistically significant activity against
a-glucosidase, achieving approximately 75.23% and
67.21% inhibition with IC50 values of 61.80+5.7 and
75.68+62 pug/mL, respectively (Bilal et al. 2018).

A pyridone alkaloid with an unusual pyrano [3,2-c]
pyridine backbone, asperpyridone A (1), has been
isolated from solid cultures of the endophyte Aspergillus.
isolated. TJ23. Related to the leaves of Hypericum
perforatum. In vitro bioassays showed that asperpyridone
A (1) may act as a potential hypoglycemic agent,
showing pronounced glucose uptake effects in HepG2
cells of the liver under normal and insulin-resistant
conditions, It showed higher potency than metformin
(Qiao et al. 2019).

Three novel fumiquinazoline alkaloids and 12
known fumiquinazoline alkaloids have been isolated and
characterized from the marine fungus Scedosporium
apiospermum F41-1. The antidiabetic potential was
tested by measuring the antidiabetic activity of the
compounds by determining their triglyceride-promoting
activity using 3T3-L1 adipocytes. New compounds,
scequinadoline J (14), D (9), and E (10) were found to
promote triglyceride accumulation in 3T3-L1 cells.
Scequinadoline D (9) demonstrated the most potent
activity, with an EC50 value of 0.27 = 0.03 uM (Li et
al.2020).
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Three a-glucosidase inhibitory xanthones (5, 7,
and 11), of which 5are described for the first time
isolated from the endophytic fungus Penicillium
canescens from the fruit of Juniperus polycarpos
which has been used as antidiabetic traditional medicine.
The three xanthones 5, 7, and 11 exhibited inhibitory
activity against a-glucosidase with 1C50 values of 38.80
+ 1.01 uM, 32.32 =+ 1.01 uM, and 75.20 = 1.02 uM,
respectively (Malik et al. 2020).

Six new diketopiperazine alkaloids aspergiamides
from 1 to 6, together with ten known alkaloids from 7 to
16, were isolated from the endophytic fungus
Aspergillus sp. 16-5¢c which was isolated from the leaves
of S. apetala, a mangrove plant that was collected from
Hainan Island, China. These compounds were evaluated
the antidiabetic potential by screening the enzyme
inhibition of o-glucosidase. The bioassay results
disclosed compounds 1 and 9 showed potent o-
glucosidase inhibitory with 1Cso values of 18.2 and 7.6
uM, respectively; compounds 3, 10, 11, and 15 showed
moderate a-glucosidase inhibition with 1Cso values
ranging from 40.7 to 83.9 uM (Ye et al. 2021).

Conclusion

This is due to the steady increase in the number of
people with diabetes in recent years and the impact
diabetes has on patients' health and personal financial
burden. There is growing research interest in finding new
effective and safe drugs from natural resources.
endophytic fungi have proven to be a rich and safe source
of bioactive compounds that can be used in medicines
such as anti-diabetic drugs. The study of endophytic
fungi is an exciting new avenue for biotechnology, with
the potential to discover new ways to commercially
exploit fungal species to detect bioactive compounds that
can be used to meet the demands of the pharmaceutical
industry.

Conflict of interest
The authors have no conflicts of interest to declare.

References

Abdel-Azeem AM, Salem FM. (2012). Biodiversity
of laccase producing fungi in Egypt. Mycosphere
3(5), 900-920.

Abdel-Azeem A M, Zaki SM, Khalil WF, Makhlouf
NA, Farghaly LM. (2016). Anti-rheumatoid
Activity of Secondary Metabolites Produced by
Endophytic Chaetomium globosum. Frontiers in
Microbiology, 7 (1477): 1-11. (Peer reviewed).

Abdel-Azeem AM, Omran MA, Mohamed RA.
(2018). Evaluation of the Curative Probability of

51

Microbial Biosystems 8(2)-2023

Bioactive Metabolites from Endophytic Fungi

Isolated from Some Medicinal Plants against

Paracetamol-Induced Liver Injury in Mice. LAP

LAMBERT Academic Publishing. ISBN: 978-

613-9-89820-6

Abdel-Azeem AM, Abdel-Azeem MA, Khalil WF.
(2019). Endophytic Fungi as a New Source of
Antirheumatoid Metabolites. In Watson, R. R. and
Preedy, V. R. edition. Bioactive Food as Dietary
Interventions  for  Arthritis and  Related
Inflammatory Diseases (pp. 355-384), Elsevier,
Amsterdam.  https://doi.org/10.1016/B978-0-12-
813820-5.00021-0

Abdel-Azim NS, Shams KA, Shahat AA, El Missiry
MM, Ismail SI, Hammouda FM. (2011). Egyptian
herbal drug industry: challenges and future prospects.
Res J Med Plant,; 5:136-44

Abdel Wahab SM, Wassel GM, Ammar NM, Hanna T.
(1987). Flavonoid constituents in the different organs
of selected Bauhinia species and their effect on blood
glucose. Herba Hungarica Tom. 26 (1): 27-31.

Aboelsoud NH. (2010). Herbal medicine in ancient
Egypt.J. Med. Plants Res.4, 082-086.
d0i:10.5897/JMPR09.013

Ahmed AM. (2002). History of diabetes mellitus. Saudi
medical journal, 23(4), 373-378

Abo Nahas HH, Abdel-Rahman M A, Gupta VK, Abdel-

Azeem AM. (2023). Myco-antioxidants: insights into

the natural metabolic treasure and their biological

effects. Sydowia 75: 151-179.

AH. (2018). Protection of Testis Through
Antioxidant Action of Artemisia annua (Kaysom) In
Alloxan-Induced Diabetic Albino Rats. Journal of
Tropical Medicine and Health: JTMH-138. DOI:
10.29011/JTMH-138.000038
Amer HM, Mohammad AA. (2022). Medicinal plants

and their validation challenges in traditional Egyptian

medicine. J Appl Pharm Sci,; 12(03):023-033

American Diabetes Association (2018). Economic Costs
of Diabetes in the U.S. in 2017. Diabetes care, 41(5),
917-928

Ansari R, Ekhlasi-Kazaj K. (2012). Adiantum capillus-
veneris. L: Phytochemical Constituents, Traditional
Uses and Pharmacological Properties: A Review w.
Journal of Advanced Scientific Research 3(4):15-
20.

Arnold AE. (2007). Understanding the diversity of foliar
endophytic fungi: progress, challenges, and frontiers
Fungal Biol. Rev., 21, pp. 51-66

Artanti N, Tachibana S, Kardani, LBS, Sukiman H.
(2012) Isolation of alpha glucosidase inhibitors
produced by endophytic fungus, Colletotrichum sp.

Ali


https://doi.org/10.1016/B978-0-12-813820-5.00021-0
https://doi.org/10.1016/B978-0-12-813820-5.00021-0

Khader et al. 2023

TSC13 from Taxus sumatrana. Pak J Biol Sci 15,
673-679.

Assaad-Khalil S, Elebrashy IN, Afify Y, Abdelmordy B,
Zakaria W, Aboushady R, Zanaty S,Basiouny
Elbrahim A,Sallam R, Anan I. (2017). The financial
burden of diabetes mellitus type 1 and type 2 in Egypt.
Value Health.20: A VATT. doi:
10.1016/j.jval.2017.08.447

Attia EA, Singh BP, Dashora K, Abdel-Azeem AM.
(2020). A potential Antimicrobial, Extracellular
Enzymes, and Antioxidants resource: Endophytic
fungi associated with medicinal plants. Int. J. Biosci.
17(1), 119-132.

Ayyad MA, Fakhry AM, Moustafa ARA. (2000). Plant
biodiversity in the Saint Katherine area of the Sinai
Peninsula, Egypt. Biodiversity and Conservation 9,
265-281

Bakr RO, Arafa R, Al-Abd AM, Elshishtawy HM.
(2014). Phenolics of Achillea fragrantissima growing
in Egypt and its cytotoxic activity. Journal of
Medicinal Plants Research, 8(21), 763 771.

Balbool BA, Abdel-Azeem A. (2020). Diversity of the
culturable  endophytic  fungi  producing  L-
asparaginase in arid Sinai, Egypt. Italian Journal of
Mycology, 49: 8-24.

Balbool BA, Abdel-Azeem AM, Moubasher HA. (2020).
Characterization of L-Asparaginase produced by
some Egyptian endophytic fungi and its antileukemic
properties. LAP LAMBERT Academic Publishing.
ISBN 978-3-659-53697-7.

Bilal S, Ali L, Khan AL, Shahzad R, Asaf S, Kang
SM, Kim SK, Lee 1J. (2018). Endophytic fungus
Paecilomyces formosus LHL10 produces sester-
terpenoid YW3548 and cyclic peptide that inhibit
urease and a-glucosidase enzyme activities. Archives
of microbiology, 200(10), 1493-1502.

Boulos L. (1983). Medicinal Plants of North Africa.
Reference Publication, Inc. 218 St. Clair River Drive,
Box 344. Algonac, Michigan 48001. 286 p

Boulos L. (2009). Flora of Egypt checklist. Al-
HadraPublishing, Cairo, 410 p.

Calvet HM, Yoshikawa TT. (2001). Infections in
diabetes. Infectious disease clinics of North America,
15(2), 407-421.

Chen SL, Yu H, Luo HM, Wu Q, Li CF, Steinmetz A.
(2016) Conservation and sustainable use of medicinal
plants: problems, progress, and prospects. Chin Med
11(1):37.

Chen X, Zheng Y, Shen Y. (2006). Voglibose (Basen,
AO-128), one of the most important alpha-
glucosidase inhibitors. Current medicinal chemistry,
13(1), 109-116

52

Microbial Biosystems 8(2)-2023

Cole JB, Florez JC. (2020). Genetics of diabetes mellitus
and diabetes complications. Nature reviews
nephrology, 16(7), 377-390

Dabhi AS, Bhatt NR, Shah MJ. (2013). Voglibose: an
alpha glucosidase inhibitor. Journal of clinical and
diagnostic research: JCDR, 7(12), 3023-3027.

De Bary A (1866). Morphologie and physiologie der
Pilze, Flechten, and Myxomycten. In Hofmeister’s.
Handbook of Physiological Botany.2: Leipzig.

Dompeipen EJ, Srikandace Y, Suharso WP, Cahyana
AH, Simanjuntak P. (2011). Potential endophytic

microbes selection for antidiabetic bioactive
compounds  production.  Asian  Journal  of
Biochemistry, 6(6), 465-471.

https://doi.org/10.3923/ajb.2011.465.471

dos Reis JBA, Lorenzi AS , do Vale HMM. (2022).
Methods used for the study of endophytic fungi: a
review on methodologies and challenges, and
associated tips. Arch Microbiol 204, 675

El-Zayat MM, Eragi MM, Alrefai H, El-Khateeb AY,
Ibrahim MA, Aljohani HM, Aljohani MM, Elshaer
MM. (2021).The antimicrobial, antioxidant, and
anticancer activity of greenly synthesized selenium
and zinc composite nanoparticles using Ephedra
aphylla extract. Biomolecules 11 (3), 470

Freeman EM. (1904). The seed-fungus of Lolium
temulentum, L., the darnel Phil. Trans. R. Soc. Lond.
B1961-27

Gaiero JR, McCall CA, Thompson KA, Day NJ, Best
AS, Dunfield KE. (2013). Inside the root microbiome:
bacterial root endophytes and plant growth
promotion. American journal of botany, 100(9), 1738-
1750.

Germaine K, Keogh E, Garcia-Cabellos G, Borremans B,
Lelie D, Barac T, Oeyen L, Vangronsveld J, Moore
FP, Moore ER, Campbell CD, Ryan D, Dowling DN.
(2004). Colonisation of poplar trees by gfp expressing
bacterial endophytes. FEMS Microbiol.
Ecol. 48:109-118

Gouda S, Das G, Sen SK, Shin H-S, Patra JK. (2016)
Endophytes: a treasure house of bioactive compounds
of medicinal importance Front. Microbiol.;7:1538. .

Grarup N, Sparsg T, Hansen T. (2010). Physiologic
characterization of type 2  diabetes-related
loci. Current diabetes reports, 10(6), 485-497.

Groop LC. Ferrannini E. (1993). Insulin action and
substrate competition. Bailliere's clinical
endocrinology and metabolism, 7(4), 1007-1032.

Guariguata L, Whiting DR, Hambleton I, Beagley J,
Linnenkamp U, Shaw JE. (2014). Global estimates of
diabetes prevalence for 2013 and projections for 2035.
Diabetes research and clinical practice, 103(2), 137—
149



Khader et al. 2023

Guo B, Wang Y, Sun X. (2008). Bioactive natural
products from endophytes: A review. Appl Biochem
Microbiol 44, 136-142

Halban PA, Polonsky KS, Bowden DW, Hawkins MA,
Ling C, Mather KJ, Powers AC, Rhodes CJ, Sussel L,
Weir GC. (2014). B-cell failure in type 2 diabetes:
postulated mechanisms and prospects for prevention
and treatment. J Clin Endocrinol Metab.;99(6):1983-
92.

Hamilton AC. (2004). Medicinal plants, conservation,
and livelihoods. Biodivers Conserv.;13:1477-517.
Helal E, Abou-Aouf N, Khattab A. (2014). The Effects
of Ambrosia maritime, L. (Damsissa) on Some
Biochemical and Histological Parameters of Diabetic
Albino Rats, The Egyptian Journal of Hospital

Medicine, Vol. 57, Page 612-629

Inzucchi SE, Bergenstal RM, Buse JB, Diamant M,
Ferrannini E, Nauck M, Peters AL, Tsapas A, Wender
R, Matthews DR. (2012). Management of
hyperglycemia in type 2 diabetes: a patient-centered
approach: position statement of the American
Diabetes Association (ADA) and the European
Association  for the Study of Diabetes
(EASD). Diabetes care, 35(6), 1364-1379.

Ismail T, Deshmukh SA. (2012). comparative study of
effect of alpha glucosidase inhibitors - miglitol,
acarbose and  voglibose on  postprandial
hyperglycemia and glycosylated hemoglobin in type-
2 diabetes mellitus. International journal of pharma
and bio sciences. 3(3):337-P343

Joshi SR, Standl E, Tong N, Shah P, Kalra S, Rathod R.
(2015). Therapeutic potential of a-glucosidase
inhibitors in type 2 diabetes mellitus: an evidence-
based review. Expert opinion on
pharmacotherapy, 16(13), 1959-1981.

Kaul S, Gupta S, Ahmed M, Dhar MK. 2012. Endophytic
fungi from medicinal plants: a treasure hunt for
bioactive metabolites. Phytochem. Rev. 11, 487-
505.

Kerner W, Brickel J. (2014). Definition, classification
and diagnosis of diabetes mellitus. Experimental and
clinical endocrinology & diabetes, 122(07), 384-
386.

Kogel KH, Franken P, Hickelhoven R. (2006).
Endophyte or parasite--what decides? Current opinion
in plant biology, 9(4), 358-363

Krings M, Taylor TN, Hass H, Kerp H, Dotzler N,
Hermsen EJ. (2007). Fungal endophytes in a 400-
million-yr-old land plant: infection pathways, spatial
distribution, and host responses. New Phytologist,
174, 648-657.

Kurutas EB. (2016). The importance of antioxidants
which play the role in cellular response against

53

Microbial Biosystems 8(2)-2023

oxidative/nitrosative stress: current state. Nutr. J. 15
1), 71

Kusari S, Hertweck C, Spiteller M. (2012). Chemical
ecology of endophytic fungi: origins of secondary
metabolites. Chemistry & Biology, 19, 792-798.

Kusari S, Singh S, Jayabaskaran C. (2014).
Biotechnological potential of plant associated
endophytic fungi: hope versus hype. Trends in
biotechnology, 32(6), 297- 303

Li CJ, Chen PN, Li HJ, Mahmud T, Wu DL, Xu J, Lan
WJ. (2020). Potential antidiabetic fumiquinazoline
alkaloids from the marine-derived  fungus
Scedosporium apiospermum F41-1. Journal of natural
products, 83(4), 1082-1091.

Ludwig-Miller J. (2015). Plants and endophytes: Equal
partners in secondary metabolite production?
Biotechnology Letters, 37(7), 1325-1334.

Malik A, Ardalani H, Anam S, McNair LM, Kromphardt
KJK, Frandsen RJIN, Franzyk H, Staerk D, Kongstad
KT. (2020). Antidiabetic xanthones with a-
glucosidase inhibitory activities from an endophytic
Penicillium canescens. Fitoterapia, 142, 104522,

Meier JJ, Bhushan A, Butler AE, Rizza RA, Butler PC.
(2005). Sustained beta cell apoptosis in patients with
long-standing type 1 diabetes: indirect evidence for
islet regeneration? .Diabetologia;48(11):2221-8.

Meng JM, Cao SY, Wei XL, Gan RY, Wang YF, Cai SX,
Xu XY, Zhang PZ, Li HB. (2019). Effects and
mechanisms of tea for the prevention and
management of diabetes mellitus and diabetic
complications: An updated review. Antioxidants
(Basel, Switzerland) vol. 8,6 170.

Mishra PD, Verekar SA, Kulkarni-Almeida A, Roy SK.
(2013).  Anti-inflammatory and  anti-diabetic
naphthaquinones from an endophytic fungus
Dendryphion nanum (Nees) S. Hughes. Indian
Journal of Chemistry. 52B: 565-567

Mohamed AH, Abd EI-Megeed FH, Hassanein NM,
Youseif SH, Farag PF, Saleh SA, Abdel-Wahab BA,
Alsuhaibani AM, Helmy YA, Abdel-Azeem AM.
(2022). Native Rhizospheric and Endophytic Fungi as
Sustainable Sources of Plant Growth Promoting Traits
to Improve Wheat Growth under Low Nitrogen Input.
J. Fungi, 8, 94. https://doi.org/10.3390/j0f8020094

Moubasher HA, Balbool BA, Helmy YA, Alsuhaibani,
AM, Atta AA, Sheir DH, Abdel-Azeem AM. (2022).
Insights into Asparaginase from Endophytic Fungus
Lasiodiplodia theobromae: Purification,
Characterization and Antileukemic Activity. Int. J.
Environ. Res. Public Health, 19, 680.
https://doi.org/10.3390/ijerph19020680

Mwakalukwa R, Amen Y, Nagata M, Shimizu K. (2020).
Postprandial Hyperglycemia Lowering Effect of the



Khader et al. 2023

Isolated Compounds from Olive Mill Wastes - An
Inhibitory Activity and Kinetics Studies on a-
Glucosidase and a-Amylase Enzymes. ACS Omega.
7;5(32):20070-20079.

Nair SS, Kavrekar V, Mishra A. (2013). In vitro studies
on alpha amylase and alpha glucosidase inhibitory
activities of selected plant extracts. European Journal
of Experimental Biology, 3(1), 128-132

Nathan DM, Davidson MB, DeFronzo RA, Heine RJ,
Henry RR, Pratley R, Zinman B; American Diabetes
Association. (2007). Impaired fasting glucose and
impaired glucose tolerance: implications for
care. Diabetes Care. 30:753-9

Nazim M, Aslam M, Chaudhary SS. (2018) Hansraj
(Adiantum capillus-veneris)- A review. Journal of
Drug Delivery and Therapeutics 8(5-s):105-1009.

Newman DJ, Cragg GM. (2007). Natural products as
sources of new drugs over the last 25 years. J Nat Prod
70:461-477

Node K, Inoue T. (2009). Postprandial hyperglycemia as
an etiological factor in vascular failure. Cardiovasc
Diabetol 8, 23.

Nofal S, Mahmoud S, Ramadan A, Soliman G, Abdel-
Rahman R. (2009). Anti-Diabetic Effect of Artemisia
judaica Extracts. Res. J. Med. Med. Sci., 4, 42-48

Pavithra NL, Sathish L, Nagasai BP,
Venkatarathanamma V, Pushpalatha HG, Reddy GB,
Ananda K. (2014). Evaluation of a-amylase, a-
glucosidase and aldose reductase inhibitors in ethyl
acetate extracts of endophytic fungi isolated from
antidiabetic medicinal plants. Int J Pharm Sci
Res, 5(12), 5334-41.

Petrini O. (1986). Taxonomy of endophytic fungi of
aerial plant tissues. In: Fokkema NJ, van den Huevel
J, eds. Microbiology of the phyllosphere Cambridge,
UK: Cambridge University Press, 175-187.

Playford RJ, Pither C, Gao R, Middleton SJ. (2013).
Use of the alpha glucosidase inhibitor acarbose in
patients with 'Middleton syndrome': normal gastric
anatomy but with accelerated gastric emptying
causing postprandial reactive hypoglycemia and
diarrhea. Canadian journal of gastroenterology =
Journal canadien de gastroenterologie, 27(7), 403—
404

Poucheret P, Fons F, Rapior S (2006) Biological and
pharmacological activity of higher fungi: 20-year
retrospective analysis. Cryptogam, Mycol 27:311-
333

Priebe MG, Eelderink C, Wachters-Hagedoorn RE, VVonk
RJ. (2018). Starch Digestion and Applications of
Slowly Available Starch. In Starch in Food: Structure,
Function and Applications: Second Edition (pp. 805-
826). HANLEY & BELFUS-ELSEVIER

54

Microbial Biosystems 8(2)-2023

INC. https://doi.org/10.1016/B978-0-08-100868-
3.00021-4

Qiao Y, Xu Q, Feng W, Tao L, Li XN, LiuJ, Zhu H, Lu
Y, Wang J, Qi C, Xue Y, Zhang Y. (2019).
Asperpyridone A: An Unusual Pyridone Alkaloid
Exerts Hypoglycemic Activity through the Insulin
Signaling Pathway. Journal of natural products,
82(10), 2925-2930.

Ramadan AA. 1988. Ecological studies in Wadi Feiran,
its tributaries and the adjacent mountains. Ph.D.
Thesis, Faculty of Science, Suez Canal University,

Egypt.

Ramsch KD, Wetzelsberger N, Putter J, Maul W.
(1985). Pharmacokinetics and metabolism of
theldeoxynojirimycin derivatives

(BAYm1099andBAY01240). Diab. Res. clin. Pract.
Suppl. 1, Abstract1199

Rivera-Chavez J, Gonzalez-Andrade M, Gonzalez
MdelC, Glenn AE, Mata R. (2013). Thielavins A, J
and K: a-Glucosidase inhibitors from MEXU 27095,
an endophytic fungus from Hintonia latiflora.
Phytochemistry, 94, 198-205.

Rodriguez RJ, White JF Jr, Arnold AE, Redman RS.
(2009) Fungal endophytes: diversity and functional
roles. New Phytol 182:314-330

Romeiro dos Santos I, Abdel-Azeem AM, Mohesien MT,
Piekutowska M, Sheir DH, Leonardo da Silva, L, da
Silva Castro C, Diego Costa Carvalho , Diogo Pereira
Bezerra J, Saad HA, Luiz Borges L, Xavier-Santos S.
(2021). Insights into the Bioprospecting of the
Endophytic Fungi of the Medicinal Plant Palicourea
rigida Kunth (Rubiaceae): Detailed Biological
Activities. J. Fungi, 7, 689.
https://doi.org/10.3390/jof7090689

Rosak C, Mertes G. (2012). Critical evaluation of the
role of acarbose in the treatment of diabetes: patient
considerations. Diabetes, metabolic syndrome and
obesity: targets and therapy, 5, 357-367.

Sahu PK, Tilgam J, Mishra S,Hamid S, Gupta A,
Verma SK, Kharwar RN.(2022) Surface sterilization
for isolation of endophytes: Ensuring what (not) to
grow. J. Basic Microbiol. 62, 647—668.

Said R. (1990). The geology of Egypt. Elsever Publishing
Company. Amsterdam.

Salem FM, Abdel-Azeem AM. (2014) Screening of
Anticancer Metabolites Produced by Endophytic
Fungi. LAP LAMBERT Academic Publishing. ISBN
978-3-659-53697-7.

Sapra A, Bhandari P. (2022). Diabetes Mellitus.. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2023. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK551501/



https://doi.org/10.1016/B978-0-08-100868-3.00021-4
https://doi.org/10.1016/B978-0-08-100868-3.00021-4
https://www.ncbi.nlm.nih.gov/books/NBK551501/

Khader et al. 2023

Schulz B, Boyle C, Draeger S, Rommert AK, Krohn K
(2002) Endophytic fungi: a source of novel
biologically active secondary metabolites. Mycol Res
106:996-1004

Shukla ST, Habbu PV, Kulkarni VH, Jagadish KS,

Pandey AR, Sutariya VN. (2014). Endophytic
microbes: a novel source for
biologically/pharmacologically active secondary

metabolites. Asian Journal of Pharmacology and
Toxicology 02 (03); 2014; 01-16.

Silva SG, Melo BA, Santos MT, Rios RR, Santos CM,
Junior KA, Maranhdo FC, Santos TM, Fraga AB.
(2022). Endophytic fungi: Benefits for plants and
biotechnological potential. Research, Society and
Development 11(4), €9211427008.

Singh B, Kaur A. (2016). Antidiabetic potential of a
peptide isolated from an endophytic Aspergillus
awamori. Journal of applied microbiology, 120(2),
301-311.

Stierle A, Strobel G, Stierle D. (1993). Taxol and taxane
production by Taxomyces andreanae, an endophytic
fungus of Pacific yew. Science (New York, N.Y.),
260(5105), 214-216

Stone JK, Bacon CW, White JF. (2000) An Overview of
Endophytic Microbes: Endophytism Defined. In:
Bacon, C.W. and White, J.F., Eds., Microbial
Endophytes, Marcel Dekker, New York, 3-29.

Stratton IM, Adler Al, Neil HA, Matthews DR, Manley
SE, Cull CA, Hadden D, Turner RC, Holman RR.
(2000). Association of glycaemia with macrovascular
and microvascular complications of type 2 diabetes
(UKPDS 35): prospective observational study. BMJ
(Clinical research ed.), 321(7258), 405-412.

Strobel G, Daisy B. (2003). Bioprospecting for microbial
endophytes and their natural products. Microbiology
and Molecular Biology Reviews, 67(4), 491- 502

Strobel G, Daisy B, Castillo U, Harper J. (2004). Natural
products from endophytic microorganisms. Journal of
Natural products, 67(2), 257-268.

Tan RX, Zou WX. (2001) Endophytes: a rich source of
functional metabolites. Nat Prod Rep 18, 448-459.
Tripathi BK, Srivastava AK. (2006). Diabetes mellitus:
complications and therapeutics. Med Sci Monit,

12(7), 130-47.

Tungmunnithum D, Thongboonyou A, Pholboon A,
Yangsabai A. (2018). Flavonoids and Other Phenolic
Compounds  from Medicinal Plants  for
Pharmaceutical and Medical Aspects: An Overview.
Medicines(Basel, Switzerland) 5 (3), 9

Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT,
Hamaldinen H, llanne-Parikka P, Keinanen-
Kiukaanniemi S, Laakso M, Louheranta A, Rastas M,
Salminen V, Uusitupa M; Finnish Diabetes

55

Microbial Biosystems 8(2)-2023

Prevention Study Group. (2001). Finnish Diabetes
Prevention Study Group. Prevention of type 2
diabetes mellitus by changes in lifestyle among
subjects with impaired glucose tolerance. The New
England journal of medicine, 344(18), 1343-1350

United Nations Development Programme. (2013). St.
Katherine Medicinal Plants Association, Egypt.
Equator Initiative Case Study Series. New York, NY

Watanabe J, Kawabata J, Kurihara H, Niki R. (1997).
Isolation and Identification of a-Glucosidase
Inhibitors from Tochu-Cha (Eucommia
Ulmoides ). Biosci., Biotechnol., Biochem. 61, 177—
178. 10.1271/bbb.61.177.

WHO (World Health Organization) (2011) The World
Traditional Medicines Situation, in Traditional
medicines: Global Situation, Issues and
Challenges. Geneva 3:1-14

Wijekoon C, Quill Z. (2021). Fungal endophyte diversity
in table grapes. Canadian Journal of Microbiology,
67(1), 29-36.

Yan XN, Sikora RA, Zheng JW. (2011). Potential use of
cucumber (Cucumis sativus L.) endophytic fungi as
seed treatment agents against root-knot nematode
Meloidogyne incognita. J. Zhejiang Univ. Sci. B, 12:
219-225.

Ye G, Huang C, Li J, Chen T, Tang J, Liu W, Long Y.
(2021) Isolation, Structural Characterization and
Antidiabetic Activity of New Diketopiperazine

Alkaloids from Mangrove Endophytic
Fungus Aspergillus sp. 16-5¢. Marine Drugs;
19(7):402.

YuH, Zhang L, Li L, Zheng C, Guo L, Li W, Sun P, Qin
L. (2010). Recent developments and future prospects
of antimicrobial metabolites produced by endophytes.
Microbiological Research 165: 437449

Zargoosh Z, Ghavam M, Bacchetta G, Tavili A. (2019).
Effects of ecological factors on the antioxidant
potential and total phenol content of Scrophularia
striata Boiss. Scientific reports, 9(1), 16021.

Zhang HW, Song YC, Tan RX. (2006) Biology and
chemistry of endophytes. Nat Prod Rep 23:753-77



