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Diabetes mellitus (DM) is one of the most important metabolic disorders associated with chronic hyperglycemia and occurs when
the body cannot manage insulin secretion, insulin action, or both. Autoimmune destruction of pancreatic beta cells and insulin
resistance are the major pathophysiological factors of types 1 and 2 of DM, respectively. Prolonged hyperglycemia leads to
multiple organs dysfunctions, including nephropathy, neuropathy, cardiomyopathy, gastropathy, and micro- and macrovascular
disorders. -e basis of the metabolic abnormalities in carbohydrate, fat, and protein in diabetes is insufficient action of insulin on
various target tissues. Medicinal plants are rich sources of bioactive chemical compounds with therapeutic effects. -e beneficial
effects of leaves, fruits, and flowers extracts of Crataegus oxyacantha, commonly called hawthorn, belonging to the Rosaceae
family, are widely used as hawthorn-derived medicines. Data in this review have been collected from the scientific articles
published in databases such as Science Direct, Scopus, PubMed,Web of Science, and Scientific Information Database from 2000 to
2021. Based on this review, hawthorn extracts appear both therapeutic and protective effects against diabetic-related complications
in various organs through molecular mechanisms, such as decreasing triglyceride, cholesterol, very low density lipoprotein and
increasing the antioxidant activity of superoxide dismutase, catalase, glutathione peroxidase, total antioxidant capacity, decreasing
malondialdehyde level, and attenuating tumor necrosis factor alpha, interleukin 6 and sirtuin 1/AMP-activated protein kinase
(AMPK)/nuclear factor kappa B (NF-κB) pathway and increasing the phosphorylation of glucose transporter 4, insulin receptor
substrate 1, AKT and phosphoinositide 3-kinases, and attenuating blood sugar and regulation of insulin secretion, insulin
resistance, and improvement of histopathological changes in pancreatic beta cells. Collectively, hawthorn can be considered as one
new target for the research and development of innovative drugs for the prevention or treatment of DM and related problems.

1. Introduction

1.1. Diabetes Mellitus. Diabetes mellitus (DM) is one of the
most common metabolic disorders marked by chronic
hyperglycemia and occurs when the body is not able to
properly manage insulin secretion, insulin function, or bot
[1, 2]. Type 1 diabetes mellitus (T1DM) accounts for only
5–10% of those with diabetes [3]. Autoimmune destruction
of pancreatic beta cells in T1DM leads to intensive insulin
deficiency [4, 5]. Type 2 diabetes mellitus (T2DM) is a

common type of DM in adults and accounts for approxi-
mately 90–95% of all diabetic individuals worldwide [3].
T2DM is manifested by insulin insensitivity because of
insulin resistance, attenuating insulin production, and
eventually pancreatic beta-cells dysfunction [6]. Insulin
resistance, as the main pathophysiologic factor of T2DM, is
manifested by disability of cells in glucose utilization [4, 7].
-e basis of themetabolic abnormalities in carbohydrate, fat,
and protein in diabetes is insufficient action of insulin in
various target tissues [3]. Overweight, unhealthy dietary
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patterns, sedentary lifestyle, genetic background, aging, and
stress are known to be implicated in the progression of
T2DM [8].

Diabetic-related complications including hypertension,
atherosclerosis, blindness, kidney failure, and stroke increase
the mortality rate [9, 10]. DM is associated with typical
diabetic Symptoms such as polydipsia, polyuria, polyphagia,
and weight loss [11]. Furthermore, impairment of gastro-
intestinal function, numbness in lower extremities, and
neuronal dysfunction may be accompanied with chronic
hyperglycemia [12]. Hyperglycemia leads to the disruption
of metabolic processes in multiple organs and results in
retinopathy, nephropathy, and neuropathy [13, 14]. Oxi-
dative stress and activation of proinflammatory reactions are
other factors which contributed to the tissue damage fol-
lowing chronic hyperglycemia [15, 16].

1.2. Hawthorn. Medicinal plants as rich sources of bioactive
chemical compounds have beneficial therapeutic effects [17].
Crataegus oxyacantha, commonly called hawthorn, belongs
to the Rosaceae family. It is a fruit-bearing plant with green,
yellow, orange, red, and black berries that grows mostly in
Europe, Asia, North America, and Africa [18, 19]. -e genus
of Crataegus has more than 250 different species. -e
common name of hawthorn is currently used for all plant
species of this genus [17, 19]. Hawthorn has gained growing
attention due to its low toxicity and minimal unwanted side
effects, which highlights its beneficial health effects and
makes it easy to candidate as an alternative traditional
medicine therapy. Leaves, fruits, and flowers extracts are
widely used as the hawthorn-derived medicines [20, 21].

-e leaves, flowers, and berries of hawthorn contain a
variety of bioflavonoid-like complexes. Biflavonoids found
in hawthorn plant include oligomeric procyanidins, vitexin,
quercetin, and hyperoside. Other chemical constituents
include vitamin C, saponins, tannins, cardiotonic amines
(phenylethylamine, tyramine, isobutylamine, O-methox-
yphenylethylamine, choline, and acetylcholine), purine de-
rivatives (adenosine, adenine, guanine, caffeic acid, and
amygdalin), triterpene acids, and ursolic acid [22]. Among
these chemical bioactive molecules, flavonoids and pro-
cyanidins are recognized to be the key responsible com-
ponents for most of the observed therapeutic effects [23, 24].

1.3. Toxicology. Crataegus has low toxicity, with an LD50 of
25mg/kg [25]. Administration of excessive dosing of
hawthorn flower extract (600mg/kg/day; flavonoids) over 30
days in rats showed unremarkable adverse effects. In
humans, the acute oral toxicity of hawthorn was 6 g/kg [26].

2. Biological Activities

It is well known thatCrataegus species (hawthorn) have been
used traditionally as a drug or supplement to promote
antioxidant [27], anti-inflammatory [28], antimicrobial [29],
hypoglycemic [24, 30], hypolipidemic [24], and hep-
atoprotective effects [31]. Treatment of atherosclerosis,
urinary retention, hypertension, intestinal disorders, and

brain and heart diseases have also been attributed to haw-
thorn [17, 18]. Hawthorn also has shown promise in the
treatment of mild-to-moderate heart failure [32]. Nowadays,
hawthorn is frequently used as an antidiabetic therapeutic
agent in various metabolic disorders [30, 33]. -e major
findings suggest that the protective effects of Crataegus
extract against diabetic-related complications most likely
involve blood glucose level lowering, hypolipidemic effect,
and antioxidant activity [34]and its ability to normalize
insulin secretion [30, 35].

Fruit extract of hawthorn has been reported to possess
lipid lowering effect. Other study showed that hawthorn leaf
extract has hypolipidemic effect in diabetic models [36]. In
addition, hawthorn leaf extract has been shown to have
valuable hypoglycemic effect in streptozotocin- (STZ-) in-
duced diabetic model [37] and antioxidant properties of
hawthorn has been considered responsible for this beneficial
effect [30]. Altogether, the underlying mechanisms of these
pharmacological agents may be related to intestinal α-gly-
cosidase inhibition [34, 38], decreased hepatic gluconeo-
genesis [39, 40], improving the lipid metabolism [39, 41],
and insulin sensitivity restoration [35]. Clinically, hawthorn
may be one of the future optimizing medicinal plants that
shows dual effect against hyperglycemia and hyperlipidemia
among human diabetic type 2 patients [42]. Data of this
review have been collected from the scientific articles
published in databases such as Science Direct, Scopus,
PubMed, Web of Science, and Scientific Information Da-
tabase from 2000 to 2021. -e aim of this study is basic
mechanistic information about diabetes mellitus and its
complications as well as the ways which hawthorn extracts
can modulate the adverse effects of diabetes.

2.1. Effect of Hawthorn Extracts on Diabetic-Induced Pan-
creatic Injury. DM is a prolonged disturbance related to
irreversible destruction of islet β-cells insulin production,
which is determined by hyperglycemia and altered fat
metabolism [43]. β-cells in the islets of Langerhans are major
location of synthesis and secretion of insulin [44]. In most
individuals, a normal blood glucose concentration or nor-
moglycemia is preserved by an increasing in insulin se-
cretion. However, in persons predisposing to develop T2DM
[45], β-cells unable to compensate of insulin resistance,
which leads to glucose intolerance, fasting blood sugar in-
crease, and eventually overt diabetes [46].

-ree main transcription factors, including pancreas/
duodenum homeobox protein 1 (PDX1), neurogenin 3
(Neurog 3), and v-maf musculoaponeurotic fibrosarcoma
oncogene homolog A (MAFA), participated in early pan-
creatic progenitor formation, endocrine lineage specification
and differentiation, and maturation of β-cells in the late
stage, respectively [47, 48].-ey contributed to reprogram of
multiple cell types into insulin-producing cells for treatment
of T1DM [49]. In this regard, it has been demonstrated that
overexpression of PDX1, Neurog 3, and/or MAFA can in-
duce insulin biosynthesis in various non-β-cells [50].

PDX1 is also essential for the differentiation of pan-
creatic lineages and maintenance of mature β-cells function
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[51] and also preserves pancreas against apoptosis [52].
Neurog 3 belongs to the basic helix-loop-helix transcription
factor and participates in the nervous system and embryonic
pancreas progress [49]. MAFA protein is a subgroup of
MAF transcription family that specifically binds to insulin
enhancer element RIPE3b and stimulates insulin gene
expression [53].

Neurog 3 and MAFA are responsible for islet im-
provement. Insulin 1(Ins−1) and insulin 2 (Ins−2) promote
the synthesis of proinsulin [54]. -e upregulation of Ins−1 or
Ins−2 may be triggered by the increased expression levels of
MAFA, PDX1, and Neurog 3. It has been shown that the
protein expression of MAFA, PDX1, and Neurog 3 signif-
icantly attenuated in the diabetic pancreatic tissue and
treatment with Crataegus flavonoids (CF) at the dose of
200mg/kg/orally for four weeks increased the protein ex-
pression pattern of MAFA, PDX1, and Neurog 3. -erefore,
CF may restore the islet cells function by regulating the
expression of the previously mentioned factors. CF also can
ameliorate glucose intolerance and decline diet and water
intake in the diabetic mice [55].

It has been observed that STZ administration leads to the
islet β-cells toxicity and a significant reduction in the size of
islets of Langerhans. -e partly protective effects of CF on
the islet β-cells are attributed to the improvement of his-
topathological changes of the mentioned cells [55]. Fur-
thermore, STZ-induced diabetes is associated with
deterioration of the acinar cells of the pancreas, insult to
lobules, and edema. Treatment with hydroalcoholic extract
ofCrataegus monogyna at the different doses of 100, 200, and
400mg/kg intraperitoneally for the duration of three weeks
alleviated the previously mentioned histological alterations
in diabetic rats [55].

2.2. Effect of Hawthorn Extracts on Diabetic-Induced Hepatic
Injury. -e liver is responsible for about 80% of endogenous
glucose synthesis [56] and plays an important function in
regulating of glucose homeostasis via two major mecha-
nisms including glycogenolysis and gluconeogenesis [57].
-e binding of insulin to its receptor phosphorylates PI3K/
AKT pathway then regulates glycogen synthesis through
inhibiting of glycogen synthase as a major enzyme in gly-
cogenolysis. Furthermore, phosphorylation of PI3K/AKTvia
forkhead box protein O1 (FOXO1) inhibits phosphoenol-
pyruvate carboxykinase (PEPCK) and glucose 6-phospha-
tase (G6Pase), as key rate limiting enzymes in
gluconeogenesis [58].

It has been shown, in T2DM, that hepatic insulin re-
ceptors 1A (IR-1A) deficiency is associated with an increase
in gluconeogenesis, suppressing of glycogen synthesis, ele-
vating the levels of hemoglobin A1c (HbA1C), and upre-
gulating of glucose transporter 2 (GLUT2) and G6Pase
mRNAs and downregulating of glycerol kinase (GK)mRNA.
In addition, the activities of the glutathione (GSH) and
superoxide dismutase (SOD) were decreased. Furthermore,
the levels of inflammatory cytokines including tumor ne-
crosis factor alpha (TNF-α) and interleukin 6 (IL-6) and
thiobarbituric acid reactive substances (TBARS) in hepatic

tissue were increased. -e serum levels of triglyceride (TG),
total cholesterol (TC), low density lipoprotein (LDL), and
very low density lipoprotein (VLDL) were increased in
T2DM. As indicated in Table 1, Crataegus aronia application
at the dose of 500mg/kg/orally for 60 days significantly
reversed all aforementioned alterations to near normal,
evidently through hawthorn-mediated antioxidant and anti-
inflammatory actions in diabetic rats [59].

On the other hand, the hypoglycemic and hypolipidemic
actions of hawthorn administration at different doses of 0.2,
0.5, and 1.0 g/kg for four weeks by oral administration
regulated the expression of hepatic gluconeogenesis and
lipogenesis associated genes including sterol regulatory el-
ement binding protein-1c (SREBP-1c) and fatty acid syn-
thase (FAS). Furthermore, blood glucose lowering effect of
hawthorn may be attributed to attenuating of gluconeo-
genesis in the liver tissue through downregulating of PEPCK
gene expression following AMP-activated protein kinase
(AMPK) activation [39].

Peroxisome proliferator-activated receptor α (PPARα),
as a nuclear receptor, has a pivotal role in lipid metabolism
[60], especially in hepatic lipid metabolism through the
induction of various genes such as fatty acid transport
proteins and fatty acid oxidation cascades [61]. PPARα also
has an essential function in SREBP-mediated regulation of
lipogenic genes [62]. Furthermore, PPARα reduces the serum
levels of TG, while it elevates high-density lipoprotein-cho-
lesterol (HDL-C) in patients with dyslipidemia [63]. In this
regard, it has been shown that hawthorn effectively increases
the mRNA expression levels of PPARα in the liver tissue of
high fat diet mice model, whereas it inhibits the expression of
SREBP1c and SREBP2 contributed to the triacylglycerol and
total cholesterol synthesis, respectively [39].

2.3. Effect of Hawthorn Extracts on Diabetic-Induced Gastric
Injury. Gastroparesis is explained as a syndrome specified
by dysfunction in stomach resulting in delayed gastric
emptying without mechanical obstruction [64]. Diabetic
gastroparesis (DGP) is a well-established chronic side effects
of diabetes. It has been reported that 30–50% of patients with
T1DM or T2DM suffer from gastroparesis [65]. Further-
more, the risk of developing DGP, being over 7 and 30-times
for T2DM and T1DM, respectively. DGP is a highly
symptomatic disorder determined by fullness, anorexia [66],
early satiety, abdominal pain [67], weight loss,
abdominal distension, nausea and vomiting [68], gastric
dysrhythmia, antral hypomotility, and/or delayed gastric
emptying [65].

Numerous factors such as autonomic system neuropa-
thy, disturbance in neurotransmission [69], hyperglycemia,
neurological disorders, alterations in gastrointestinal (GI)
hormones, microvascular and GI smooth muscle abrasions,
and structural and practical irregularity of interstitial cells of
Cajal (ICC) are involved in the pathogenesis of DGP [68].
Hyperglycemia-induced oxidative stress is a major mecha-
nism for various complications of diabetes including DGP
and leads to cellular malfunction and tissue damage [70].
-e role of three main antioxidant enzymes such as SOD,
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catalase (CAT), and glutathione peroxidase (GPX), as the
first line defense systems, are important in animals [71]. -e
beneficial effect of these antioxidants on GI disorder was
reported [72] and may be also effective for DGP [70].

It is revealed that the antioxidant activity of SOD and
GPX decreased and the level of malondialdehyde (MDA), as

a major indicator of stress oxidative, enhanced significantly in
underlying of DGP. As shown in Figure 1, the oral admin-
istration of ethyl acetate extract hawthorn seeds (HSEAE) at
the doses of 3, 6, and12mg/kg for four weeks reverses all these
changes in diabetic rats. -is implies that administration of
HSEAE can beneficially suppress oxidative stress [68].

Table 1: Effects of hawthorn extracts on diabetic-induced injury in several organs.

Organ Hawthorn extract Dose(s)/route/
duration/animal Effects Reference (s)

Stomach Ethyl acetate extract
hawthorn seeds

3, 6, and12mg/kg/
oral/4 weeks/rat

↓BS&MDA
SOD and GPX↑

↑ plasma level and ghrelin gastric expression
↑ nNOS gastric expression c-kit gastric expression ↑
Gastric emptying and small intestinal ↑ propulsion

↑ Body weight

[68]

Liver Crataegus aronia 500mg/kg/60 days/
oral/rat

↓ BS,HbA1C, OGTT, TG, TC,LDL, VLDL, TBARS, TNF-α&IL-6
↑GSH, SOD, HDL, and hepatic glycogen
↓GLUT-2 and G6Pase hepatic mRNAS
↑IR-A and GK hepatic mRNAS

[59]

Liver
Crataegus

pinnatifida Bge. var.
major N.E. Br.

0.2, 0.5, 1.0 g/kg/4
weeks/oral/rat

↑ AMPK phosphorylation& HDL-C
PPARs expression↑

↓ PEPCK and glucose production
↓ SREBP-1c, SREBP2, and FAS

[39]

Pancease Crataegus
monogyna extract

100, 200, and
400mg/kg/ip/3

weeks/rat

↓ BS and MDA
TAC↑

↓ histopathological alterations
[55]

Pancease Crataegus
flavonoids

200mg/kg/oral/4
weeks/mice

↑ Serum insulin levels
↑ PDX-1, Mafa and Neurog 3, Ins-1, and Ins-2

↓Appetite
↓ Water intake
↓ OGTT

↓ Histopathological alterations

[55]

Heart Hawthorn leaf
flavonoids

50, 100, and
200mg/kg/oral/16

weeks/rat

↓ BS and MDA
↓TNF-α and NF-κB proteins expression

↓ mRNA expression of PKC-α & PKC-α protein
↓ Histopathological changes

SOD ↑

[81]

Heart Crataegus
oxyacantha extract

100mg/kg/oral/10
weeks/rat

↑ Body weight
↑ GPx

↓ FBS, CK-MB, and LDH
↓ MPO

[88]

Aorta Hawthorn
polyphenol extract

300mg/kg/oral/4
weeks/rat

↓ TC, TG, FBS, OGTT, and LPS levels
↑ Insulin level and body weigh

↑ Phosphorylation of GLUT4, IRS1, AKT, and PI3K in liver
↓ TNF-α and IL-6 in serum

↑ Phosphorylation of IRS1 and AKT in skeletal muscle
↓ Protein expression of TNF-α and IL-6 in liver and skeletal muscle

↓ Protein expression of MCP-1 in the liver
Repair of aortic injury via SIRT1/NF-κB/Wnt2/β-catenin pathway
↓ Inflammation and IR (liver): SIRT1/AMPK/NF-κB pathway
↓ Inflammation &IR(skeletal muscle): SIRT1/NF-κB pathway

[95]

Kidney Hawthorne leaf
flavonoids

200mg/kg/oral/12
weeks/rat

↑ Body weight
↑ SOD and NO

↓ Urine protein concentration
↓ BUN, Cr, TG& MDA levels
↓ p38MPAK protein expression
↓Histopathological changes

[116]

Brain Crataegus extract
100, 300, and

1000mg/kg/oral/2
weeks/rat

↓Cholesterol, TG, and BS
↑ HDL

Improvement of PAL
[24]
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Several hormones secreted by the GI system participate
in regulating of GI motor activity [73]. Ghrelin is an en-
dogenous ligand of growth hormone releasing hormone
receptor, released into the bloodstream from the stomach.
Ghrelin activates growth hormone and gastric acid secretion
via the hypothalamus and accelerates GI peristalsis and food
intake [74]. It is presented that plasma and gastric ghrelin
expression in DGP significantly were downregulated but
dramatically upregulated following administration of
HSEAE [68].

Earlier study showed that reduction of neuronal nitric
oxide synthase (nNOS) activity or protein expression in the
gastric neurons of DGP results in a decrease in the nitric
oxide (NO) production, which decelerates gastric activity
[75]. In this regard, one experimental study showed that the
administration of extract of hawthorn seeds increased the
decreased protein expression of nNOS in the gastric of DGP
subject, which may be advantage for facilitating gastric
motility [68]. ICCs are the pacemaker for gut motility. -ey
have beneficial effects on contractile activity of stomach
muscle and eventually promote the gastric emptying [76].
ICCs are identified by mature molecular marker c-kit.
Downregulation of c-kit expression critically influences the
normal function, growth, and maturity of ICCs and declines
their number and disturbances ultrastructural [66]. It has
been revealed that the expression of c-kit protein in the DGP
subjects was significantly downregulated and upregulated
after theadministration of HSEAE [68].

-e molecular mechanism underlying ethyl acetate ex-
tract hawthorn seeds (HSEAE, 3, 6, and12mg/kg/oral/4
weeks/rat) on diabetic gastroparesis (DGP)may be related to
elevating the antioxidant enzymes activity of superoxide
dismutase (SOD), catalase (CAT), upregulating expression
of C-kit, ghrelin, nitric oxide synthase (nNOS), and also
attenuating the blood glucose (BS) and malondialdehyde
(MDA) levels.

2.4. Effect of Hawthorn Extracts on Diabetic-Induced Cardiac
Injury. Diabetic cardiomyopathy (DCM) is determined by a
direct damage to cardiac muscle and subsequently structural
and practical alterations in myocardium in absence of

hypertension and other cardiovascular problems. Hyper-
glycemia has a pivotal role in the pathogenesis of DCM.
Cardiac hypertrophy, ventricular electrophysiological dis-
turbances, and heart failure are the most important com-
plications of DCM [77].

It has been reported that DCM is accompanying with
oxidative stress, expression levels of inflammatory proteins,
apoptosis, and accumulation of extracellular matrix [78].
Hyperglycemia results in reactive oxygen species (ROS)
overproduction that led to the oxidative stress-related car-
diac injury and major changes in myocardial cells, and
consequently DCM. Antioxidants can eliminate a little
amount of ROS in the normal physiological situation, but in
pathological conditions for example in diabetes, because of
the excessive ROS production, antioxidants cannot remove
ROS and therefore induce insult to heart cells [79]. It is
revealed that the activity of SOD, one of the most significant
antioxidant enzymes [80], markedly decreased following
DCM. Pretreatment with doses of 50, 100, and 200mg/kg of
hawthorn leaf flavonoids (HLF) for 16 weeks significantly
increased the activity of SOD and decreased the increased
levels of MDA in underlying DCM [81].

Protein kinase C (PKC) plays a fundamental role in
regulation of multiple cellular processes [82]. Evidence in-
dicated that the PKC activation can be involved in the
cardiovascular injury through increasing the synthesis of
extracellular matrix, regulating the calcium ion metabolism
of cardiac cells, stimulating angiotensin II, and inducing
ROS generation and inflammatory agents [83, 84]. -e
mRNA and protein expression of PKC-α were evaluated
following experimental DCM. It is observed that the mRNA
and protein expression of PKC-α in the cytoplasm and
cytomembrane of cardiac cells dramatically increased.
Pretreatment with HLF significantly downregulates these
parameters in underlying DCM [81].

Inflammation participates in the progress of many
cardiovascular disorders including hypertension, athero-
sclerosis, ischemic heart diseases, and congestive heart
failure [85]. Furthermore, inflammatory cytokines have a
key role in cardiac disturbance following myocardial in-
farction [86]. -e correlation between TNF-α and nuclear
factor kappa B (NF-κB) has been reported in myocardial

C-kit
expression 

DGP

SOD, GPx

MDA,
BS 

HSEAE 

Ghrelin
expression

nNOS
expression 

Figure 1: Schematic presentation of HSEAE on DGP and possible mechanisms.
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dysfunction in underlying diabetes. -e stimulated NF-κB
can dramatically upregulate the expression of TNF-α in left
ventricular myocardium of diabetic subjects; however, TNF-
α activates overexpression of NF-κB [87]. Experimental
evidence illustrated that HLF treatment significantly
downregulates the overexpression of NF-κBp65 and TNF-α
in cardiac tissue after induction of diabetes [81].

-e cardioprotective actions of Crataegus oxyacantha
extract on cardiac ischemia/reperfusion (I/R) damage in
underlying diabetes has been investigated. -e advantage
effects may be related partly to antioxidant effects of haw-
thorn [88]. Lactate dehydrogenase (LDH) and creatine ki-
nase myocardial band isoenzyme (CK-MB) are the most
sensitive and specific indices for the evaluation of cardiac
insult. Myocardial cells death leads to a pivotal increase in
the serum levels of these enzymes [89]. Scientific evidence
showed that the serum levels of LDH and CK-MB signifi-
cantly increased after cardiac I/R injury associated with
diabetic induction. Moreover, this study suggested that the
previously mentioned indicators dramatically reduce fol-
lowing the oral administration of Crataegus oxyacantha
extract at the dose of 100mg/kg for 10 weeks in diabetic
rats [88].

Oxidative stress contributed in I/R injury development,
and these effects aggravated in diabetes [90]. Myeloperox-
idase (MPO) as an oxidative stress parameter leads to ROS
generation. Combination treatment of Crataegus oxy-
acantha extract with resistance training significantly at-
tenuated the increased levels of MPO following cardiac I/R
insult in underlying diabetes [88]. Experimental study in-
dicated that diabetes induced-oxidative stress reduces the
activity of GPx, which leads to the aggregation of hydrogen
peroxide levels [91]. GPxas, a major ROS scavenger, ac-
celerates the oxidation of glutathione via cumene hydro-
peroxide. It is reported that Crataegus oxyacantha extract,
along with resistance training, significantly increased the
decreased activity of GPx [88].

2.5. Effect ofHawthornExtracts onDiabetic-InducedVascular
Injury. Insulin resistance (IR) is a major etiology and
pathogenesis for T2DM. Development of IR is mostly as-
sociated with oxidative stress and/or inflammatory reactions
induced by numerous proinflammatory agents such as in-
terleukin-1 beta (IL-1β), IL-6, and TNF-α [92]. Oxidative
stress results in a mismatch between the ROS generation and
antioxidant system. Pancreatic β-cells, adipocytes, and pe-
ripheral tissues are more susceptible to the destruction ef-
fects of oxidative stress [93]. Oxidative stress leads to
impairment of insulin secretion in β-cells and IR progress in
adipocytes and peripheral tissues that eventually accelerates
postprandial hyperglycemia and overt T2DM. As shown in
Figure 2, both postprandial hyperglycemia and T2DM act as
feedback loop for the occurrence of oxidative stress [92]. It
has been indicated the potential therapeutic or preventive
effects of polyphenols as free radical scavengers in diabetes
and its complications [94].

-ese events are associated with impairment of insulin
secretion in β-cells and development of insulin resistance in

adipocytes and peripheral tissues, which lead to the progress
of postprandial hyperglycemia and overt T2DM, both of
which also operate as feedback loop for the occurrence of
oxidative stress [92].

It has been shown that hawthorn polyphenols extract
(HPE) at the dose of 300mg/kg for four weeks can decrease
the progression of T2DM by attenuating ROS and increasing
the CAT, GPX, and total antioxidant capacity (TAC) in
serum and colonic tissue of diabetic rats model. -is study
also confirmed that HPE can effectively regulate altering
parameters such as fasting blood sugar (FBS), oral glucose
tolerance test (OGTT), TG, TC, insulin, lipopolysaccharide
(LPS) serum levels, and body weight [95]. GLUTs facilitate
absorption of glucose from the circulation into the cells.
GLUT4 is essentially expressed in skeletal muscles, adipo-
cytes, and cardiomyocytes. GLUT4 particularly stimulates
glucose uptake into the muscle and adipose cells [96].

Insulin receptor substrate (IRS) family has six proteins
(IRS1-IRS6). IRS1 and IRS2 are essential in insulin signaling
pathways [97]. IRS-1 plays a pivotal role in activation of
phosphatidylinositol 3-kinase (PI3K) as the active center of
most insulin metabolic actions [98]. It is well established that
attachment of insulin-to-insulin receptors is associated with
tyrosine phosphorylation of IRS-1, which advances signal
transduction via the IRS/PI3K signaling pathway and leads
to glucose and fat metabolism [99]. Furthermore, stimula-
tion of the PI3K/AKT pathway increases insulin secretion
from pancreatic β-cells [100]. In this regard, it has been
shown that PI3K can enhance AKT kinase (protein kinase B
or PKB) activity by stimulating AKT tyrosine phosphory-
lation and finally provoke glucose transport, lipogenesis,
glycogen synthesis, and repression of gluconeogenesis [98].

On the other hand, it is indicated that disturbance of
translocation of GLUT4, as a downstream target of IRS1/
PI3K/AKT signaling pathway, from intracellular to cyto-
membrane is one of the important etiology of IR in T2DM
[101]. Another study presented that IR can improve through
the stimulation of IRS1-PI3K-AKT-GLUT4 network in di-
abetic model [102]. In addition, it has been observed that

Oxidative
Stress

Endothelial cell
dysfunction

Insulin
resistance

Insulin
resistance

Peripheral
tissues Pancreatic islets

Impaired insulin
secretion

Post prandial
hyperglycemia

Chronic
hyperglycemia/

Diabetes mellitus

Figure 2: Schematic presentation of correlation between oxidative
stress and DM. Oxidative stress displays dangerous effects on
β-cells of pancreatic islets, adipocytes, and peripheral tissues.
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HPE effectively enhances the phosphorylation of GLUT4
and IR-associated proteins such asIRS1, AKT, and PI3K in
the liver tissue and dramatically increases the expression
levels of phosphorylation (p)-IRS1 and p-AKT in the skeletal
muscle of diabetic rats [95].

Besides, it has been described that inflammatory
markers, including IL-6, TNF-α, and monocyte chemo-
attractant protein-1 (MCP-1), contributed to IR. -ese
proinflammatory cytokines interfere with insulin signaling
networks and influence the insulin signaling kinase action
[103]. In addition, chronic inflammation in adipose, liver,
and skeletal muscle tissues are involved in the incidence and
pathogenesis of T2DM [104]. It is investigated that under
action of HPE the serum levels of IL-6 and TNF-α as well as
protein expression of TNF-α and IL-6 in skeletal muscle and
liver significantly mitigate in the diabetic model. -is
polyphenol also attenuates the protein expression of MCP-1
in the hepatocytes [95].

NF-κB is one of the major transcriptional mediated
pathways, which participates in numerous inflammatory
reactions [105]. It accelerates the expression of downstream
target proinflammatory cytokines, such as TNF-α, IL-6, and
MCP-1 in the nucleus [95].

-e activation of NF-κB signaling cascade in the aorta of
diabetic model has been investigated and reported that
phosphorylation of IκB, as inhibitor of NF-κB, and break-
down of its lead to NF-κBp65 entrance to the nucleus, which
induces vascular injury and upregulates proinflammatory
markers expression [106]. HPE through decreasing the
protein expression of NF-κBp65 phosphorylation attenuates
the expression of aortic inflammatory agents in the diabetic
model [95]. On the other hand, it has been investigated that
sirtuin 1 (SIRT1)/AMPK pathway decreases the transcrip-
tional stimulation of NF-κB [107]. It has been reported that
activation of AMPK regulates glucose homeostasis through
inhibition of gluconeogenesis and attenuation of glucose
levels [108].

SIRT1 is one of most members of sirtuin (SIRT1-7)
family whose enzymatic activity is related to nicotinamide
adenosine dinucleotide (NAD+) cofactor. It is indicated that
upregulation of SIRT1improves insulin sensitivity [109].
Moreover, interaction of SIRT1with p65 subunit of NF-κB
and its deacetylation inhibits NF-κB downstream signaling
pathway [110]. As shown in Figure 3, HPE attenuates
chronic inflammation in the liver and skeletal muscle via the
SIRT1/AMPK/NF-κB and SIRT1/NF-κB signaling pathways,
respectively, thereby suppressing IR in the diabetic
model [95].

Diabetic-induced vascular insult is one of the etiologies
of mortality rate among patients with diabetes [111]. Wnt/
β-catenin signaling cascades participate in macrovascular
injury [112]. -e interaction of Wnt ligand with the
transmembrane receptors stabilises cytoplasmic β-catenin
and ultimately initiates the transcription of downstream
target genes of Wnt pathway [113]. It is reported that ab-
errations of Wnt/β-catenin signaling pathways are associ-
ated with glucose metabolism disorders and increase the risk
of T2DM [114]. On the other hand, Wnt/β-catenin signaling
pathway is stimulated by upregulation of SIRT1 [115]. It is

observed that HPE contributed to aortic damage repair via
modulating the NF-κB, downregulating the Wnt/β-catenin
signaling pathway, regulating the expression of its down-
stream associated protein k s, and stimulating the regulatory
action together with SIRT1 in diabetic model [95].

Pretreatment with hawthorn polyphenol extract (HPE)
via oral administration for four weeks has regulatory effects
on oxidant and inflammation agents in serum and colonic
tissue and suppresses insulin resistance through inhibition
of SIRT1/AMP-activated protein kinase (AMPK)/nuclear
factor kappa B (NF-κB) pathway in the liver and SIRT1/NF-
κB cascade in the skeletal muscles of diabetic rats model.
HPE also repairs aortic injury via SIRT1/NF-κB/Wnt2/
β-catenin pathway.

2.6. Effect of Hawthorn Extracts on Diabetic-Induced Renal
Injury. -e kidney has a substantial role in glucose handling
through gluconeogenesis, glucose filtration, glucose reab-
sorption, and glucose utilization. Each of these ways can be
changed in patients with T2DM [117]. As mentioned earlier,
DM is determined by hyperglycemia, polyuria (an excessive
urination), polydipsia (a great thirst), polyphagia (an en-
hanced appetite), and glycosuria [118]. Diabetic kidney
disease (DKD) is a danger kidney-related complication of
DM, which leads to end-stage renal disease [119]. Multiple
factors, such as oxidative stress [120], genetic factors, glucose
metabolism disorder, alteration in hemodynamic, and in-
flammation, participate in the pathogenesis of DKD [121].

Diabetic-induced oxidative stress leads to accumulation
of ROS in kidney cells and subsequent stimulated p38
mitogen activated protein kinase (p38MAPK), which is
involved in cellular stress, inflammation, and apoptosis
through various processes and further exacerbates DKD
progression [122]. On the other hand, it has been reported
that, following the diabetic nephropathy, renal cell activity of
p38 quickly increases in glomeruli, tubules, and renal in-
terstitial cells [123]. Previous study showed that suppression
of the p38MAPK signaling pathway can dramatically at-
tenuate the risk of proteinuria in DKD, decrease the se-
cretion of inflammatory mediators, and eventually decline
DKD development [124].

Previous literature pointed out that HLF, at the dose of
200mg/kg for 12 weeks through oral administration, can
increase antioxidant capacity and prevent the process of
lipid peroxidation in diabetic rats [116]. Another study
showed that pretreatment with HLF effectively decreased the
increased p38MAPK protein expression in the renal tissue of
DKD. As shown in Figure 4, HLF also significantly decreased
the elevated serum biomarkers, including blood urea ni-
trogen (BUN), creatinine (Cr), TG, MDA levels, and urine
protein in DKD. Moreover, HLF effectively increased the
reduced SOD, NO levels, body weight, and improved his-
topathological changes of DKD [116].

-e possible mechanisms of hawthorn leaf extracts on
diabetic nephropathy attributed to increasing SOD and
nitric oxide (NO, and decreasing the blood urea nitrogen
(BUN), creatinine (Cr), triglyceride (TG), MDA levels, urine
protein concentration, 38mitogen activated protein kinase
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(38MPAK) protein expression, and improving the histo-
pathological changes of kidneys tissue.

2.7. Effect of Hawthorn Extracts onDiabetic-Induced Cerebral
Injury. DM is considered as a predisposing factor for
cognitive disturbance [125] and the progress of Alzheimer’s
disease and dementia [126]. Furthermore, passive avoidance
learning (PAL) and memory defective take place in STZ-
induced diabetes [127]. -e analgesic effects of hawthorn
extract on spontaneous locomotors activities and explor-
atory behaviors have been investigated [128]. In this relation,
it is reported that Crataegus extract at the doses of 100, 300,
and 1000mg/kg for two weeks by oral administration
ameliorated PAL and attenuated time spent in the dark
compartment of diabetic rat model [24]. Furthermore,

hawthorn extract and resistance training improved cognitive
deficits in STZ -induced diabetic rats [129].

It has been demonstrated that hawthorn extract sup-
plementation decreased the increased BS, obesity-related
factors, including TG and cholesterol and increased the
decreased density HDL levels in the serum of diabetic model
[24]. -e effects of hawthorn extract on lipid metabolism
may be attributed to the modulating of lipoprotein lipase
(LPL) expression through peroxisome proliferator response
element cascade [130] and suppressing synergistically 3-
hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) re-
ductase and cholesterol assimilation [131]. Another study
showed that flavonoids are one of the major components of
hawthorn extracts, which operate as an alpha-amylase in-
hibitor, glycemic management and have beneficial effects on
dyslipidemia in diabetic model [132].
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Figure 3: Molecular mechanisms of HPE on diabetic-aorta injury [95].
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Figure 4: Effect of hawthorn extracts (200mg/kg/oral/12 weeks) on the diabetic nephropathy.
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3. Conclusion

Based on multiple reports as mentioned in this manuscript,
hawthorn extracts supplementation significantly improved
diabetic-induced injuries in several organs, such as pan-
creases, stomach, liver, heart, vessel, kidneys, and brain. -e
findings suggest that the effects of Crataegus extracts against
diabetic-related complications are most likely related to
improving the physiological functions, including enhance-
ment of body weight, insulin secretion, OGTT, blood glu-
cose level lowering, hypolipidemic action via decreasing TG,
cholesterol, and antioxidant effect through increasing the
activity of SOD, CAT, GPX, and TAC and decreasing MDA
level and anti-inflammatory effects through attenuating
TNF-α, IL-6, and SIRT1/AMPK/NF-κB pathway. Other
mechanisms are increasing the phosphorylation of GLUT4,
IRS1, AKT, and PI3K and attenuating the urine protein
concentration, p38MPAK protein expression, BUN, and Cr
and improving the histopathological changes. Collectively,
hawthorn extracts can be regarded as one new target for the
research and development of innovative drugs to the pre-
vention or treatment of DM and related complications.
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J. Drzewoski, and A. Śliwińska, “Role of PI3K/AKTpathway
in insulin-mediated glucose uptake,” Blood Glucose Levels,
vol. 1, pp. 1–18, 2018.

[99] W. L. Li, H. C. Zheng, J. Bukuru, and N. De Kimpe, “Natural
medicines used in the traditional Chinese medical system for
therapy of diabetes mellitus,” Journal of Ethnopharmacology,
vol. 92, no. 1, pp. 1–21, 2004.

[100] S. Georgia and A. Bhushan, “β cell replication is the primary
mechanism for maintaining postnatal β cell mass,” Journal of
Clinical Investigation, vol. 114, no. 7, pp. 963–968, 2004.

[101] Q. Meng, X. Qi, Y. Chao et al., “IRS1/PI3K/AKT pathway
signal involved in the regulation of glycolipid metabolic
abnormalities by Mulberry (Morus alba L.) leaf extracts in
3T3-L1 adipocytes,” Chinese Medicine, vol. 15, no. 1,
pp. 1–11, 2020.

[102] P. V. M. Ribeiro, A. Silva, A. P. Almeida, H. H. Hermsdorff,
and R. C. Alfenas, “Effect of chronic consumption of pis-
tachios (Pistacia vera L.) on glucose metabolism in pre-di-
abetics and type 2 diabetics: a systematic review,” Critical
Reviews in Food Science and Nutrition, vol. 59, no. 7,
pp. 1115–1123, 2019.

[103] A. J. Stull, K. C. Cash,W. D. Johnson, C. M. Champagne, and
W. T. Cefalu, “Bioactives in blueberries improve insulin
sensitivity in obese, insulin-resistant men and women,”
Journal of Nutrition, vol. 140, no. 10, pp. 1764–1768, 2010.

[104] C. Bleau, A. D. Karelis, D. H. St-Pierre, and L. Lamontagne,
“Crosstalk between intestinal microbiota, adipose tissue and
skeletal muscle as an early event in systemic low-grade in-
flammation and the development of obesity and diabetes,”
Diabetes/metabolism research and reviews, vol. 31, no. 6,
pp. 545–561, 2015.

[105] T. Liu, L. Zhang, D. Joo, and S. C. Sun, “NF-κB signaling in
inflammation,” Signal Transduction and Targeted :erapy,
vol. 2, no. 1, pp. 1–9, 2017.

[106] S. S. Emadi, F. G. Soufi, A. M. Khamaneh, andM. R. Alipour,
“MicroRNA-146a expression and its intervention in NF-κB
signaling pathway in diabetic rat aorta,” Endocrine Regula-
tions, vol. 48, no. 2, pp. 103–108, 2014.

[107] A. Dihingia, D. Ozah, S. Ghosh et al., “Vitamin K1 inversely
correlates with glycemia and insulin resistance in patients
with type 2 diabetes (T2D) and positively regulates SIRT1/
AMPK pathway of glucose metabolism in liver of T2D mice
and hepatocytes cultured in high glucose,” :e Journal of
Nutritional Biochemistry, vol. 52, pp. 103–114, 2018.

[108] Y. C. Long and J. R. Zierath, “AMP-activated protein kinase
signaling in metabolic regulation,” Journal of Clinical In-
vestigation, vol. 116, no. 7, pp. 1776–1783, 2006.

[109] C. Iside, M. Scafuro, A. Nebbioso, and L. Altucci, “SIRT1
activation by natural phytochemicals: an overview,” Frontiers
in Pharmacology, vol. 11, p. 1225, 2020.

[110] F. Yeung, J. E. Hoberg, C. S. Ramsey et al., “Modulation of
NF-κB-dependent transcription and cell survival by the
SIRT1 deacetylase,” :e EMBO Journal, vol. 23, no. 12,
pp. 2369–2380, 2004.

[111] S. Coccheri, “Approaches to prevention of cardiovascular
complications and events in diabetes mellitus,” Drugs,
vol. 67, no. 7, pp. 997–1026, 2007.

[112] W. Matthijs Blankesteijn and K. C. M. Hermans, “Wnt
signaling in atherosclerosis,” European Journal of Pharma-
cology, vol. 763, pp. 122–130, 2015.

[113] J. Bian, M. Dannappel, C. Wan, and R. Firestein, “Tran-
scriptional regulation of wnt/β-catenin pathway in colorectal
cancer,” Cells, vol. 9, no. 9, pp. 1–29, 2020.

[114] S. Dabernat, P. Secrest, E. Peuchant, F. Moreau-Gaudry,
P. Dubus, and N. Sarvetnick, “Lack of β-catenin in early life
induces abnormal glucose homeostasis in mice,” Dia-
betologia, vol. 52, no. 8, pp. 1608–1617, 2009.

[115] Y. Zhou, Z. Zhou, W. Zhang et al., “SIRT1 inhibits adipo-
genesis and promotes myogenic differentiation in C3H10T1/
2 pluripotent cells by regulating Wnt signaling,” Cell &
Bioscience, vol. 5, no. 1, pp. 61–12, 2015.

[116] C. Qin, T. Xia, G. Li, Y. Zou, Z. Cheng, and Q. Wang,
“Hawthorne leaf flavonoids prevent oxidative stress injury of
renal tissues in rats with diabetic kidney disease by regulating
the p38 MAPK signaling pathway,” International Journal of
Clinical and Experimental Pathology, vol. 12, no. 9,
pp. 3440–3446, 2019.

[117] A. Mather and C. Pollock, “Glucose handling by the kidney,”
Kidney International, vol. 79, pp. S1–S6, 2011.

[118] C. O. Eleazu, M. Iroaganachi, K. C. Eleazu, and U. N. Essien,
“Ameliorative potentials of cocoyam (colocasia esculentaL.)
and unripe plantain (musa paradisiacaL.) on the relative
tissue weights of streptozotocin-induced diabetic rats,”
Journal of Diabetes Research, vol. 2013, no. 1, 8 pages, Article
ID 160964, 2013.

[119] C. Guo, F. Han, C. Zhang, W. Xiao, and Z. Yang, “Protective
effects of oxymatrine on experimental diabetic nephropa-
thy,” Planta Medica, vol. 80, no. 04, pp. 269–276, 2014.

[120] D. K. Singh, P. Winocour, and K. Farrington, “Oxidative
stress in early diabetic nephropathy: fueling the fire,” Nature
Reviews Endocrinology, vol. 7, no. 3, pp. 176–184, 2011.

[121] S. Dronavalli, I. Duka, and G. L. Bakris, “-e pathogenesis of
diabetic nephropathy,” Nature Clinical Practice Endocri-
nology & Metabolism, vol. 4, no. 8, pp. 444–452, 2008.

[122] A. Ahad, H. Ahsan, M. Mujeeb, and W. A. Siddiqui, “Gallic
acid ameliorates renal functions by inhibiting the activation
of p38 MAPK in experimentally induced type 2 diabetic rats
and cultured rat proximal tubular epithelial cells,” Chemico-
Biological Interactions, vol. 240, pp. 292–303, 2015.

[123] R. Komers, J. N. Lindsley, T. T. Oyama, D. M. Cohen, and
S. Anderson, “Renal p38 MAP kinase activity in experi-
mental diabetes,” Laboratory Investigation, vol. 87, no. 6,
pp. 548–558, 2007.

[124] T.-F. Tzeng, S.-S. Liou, C. Chang, and I.-M. Liu, “-e ethanol
extract of Lonicera japonica (Japanese honeysuckle) atten-
uates diabetic nephropathy by inhibiting p-38MAPK activity
in streptozotocin-induced diabetic rats,” Planta Medica,
vol. 80, pp. 121–129, 2014.

[125] N. S. Chaytor, C. Barbosa-Leiker, C. M. Ryan, L. T. Germine,
I. B. Hirsch, and R. S. Weinstock, “Clinically significant
cognitive impairment in older adults with type 1 diabetes,”
Journal of Diabetes and Its Complications, vol. 33, no. 1,
pp. 91–97, 2019.

[126] I. H. Salas and B. De Strooper, “Diabetes and Alzheimer’s
disease: a link not as simple as it seems,” Neurochemical
Research, vol. 44, no. 6, pp. 1271–1278, 2019.

[127] G. Baydas, V. S. Nedzvetskii, P. A. Nerush, S. V. Kirichenko,
and T. Yoldas, “Altered expression of NCAM in hippo-
campus and cortex may underlie memory and learning
deficits in rats with streptozotocin-induced diabetes melli-
tus,” Life Sciences, vol. 73, no. 15, pp. 1907–1916, 2003.

International Journal of Endocrinology 13
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