
Original Research

Early myocardial injury biomarkers in diabetic hyperlipidemic rats:

Impact of 10-dehydrogingerdione and vitamin D3

Mohamed M Elseweidy , Sousou I Aly, Sally K Hammad and Noura I Shershir

Biochemistry Department, Faculty of pharmacy, Zagazig University, Zagazig 44519, Egypt

Corresponding author: Mohamed M Elseweidy. Email: mmelseweidy@yahoo.com

Abstract
Hyperlipidemia represents a major risk factor for cardiovascular diseases leading to myo-

cardial injury. The present study aimed to illustrate the myocardial injury induced in a

diabetic hyperlipidemic rat model and the effect of vitamin D3, 10-DHGD intake either

individually or in combination form. Male albino rats were selected for the study, received

alloxan, hypercholesterolemic diet, and categorized into four groups. The first one (DHC),

received hypercholesterolemic diet only and referred to as control. The remaining groups

(2, 3, 4) received vitamin D3, 10-DHGD, and combination of both, respectively. Certain biomarkers that were selected for MI

evaluation included blood glucose, lipogram pattern, Copeptin, C-reactive protein, myeloperoxidase, heart fatty acid-binding

protein, and histopathological changes in myocardium and aorta. Vitamin D3 and 10-DHGD intake induced significant hypogly-

cemic, hypolipidemic effects, decreased inflammation, and MI biomarkers. Decreased myocardial vacuoles, foam cells, and

intimal lesions were also observed compared to DHC. Their combination intake induced more marked reduction in all biomarkers

and showed a histopathological pattern similar to normal features of myocardium and aorta. Our findings suggest the therapeutic

roles of vitamin D3, 10-DHGD, and their combination against myocardial injury in diabetic hyperlipidemic rats.
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Introduction

Hyperlipidemia is a metabolic disorder, major risk factor
for cardiovascular disease (CVD) and mostly character-
ized by significant increase of total, low-density lipopro-
tein cholesterol (LDL-c), triacylglycerol (TG) along with
decreased high-density lipoprotein cholesterol (HDL-C)
levels.1 The development of such disease is relatively
high in diabetic people.2 Other risk factors contributing
to CVD are many such as obesity, hypertension, smoking,
and lack of exercise.3

Cardiovascular diseases (CVDs) are mainly attributed to
atherosclerosis and subsequent development of coronary
artery disease, cerebrovascular disease, venous thrombo-
embolism, and peripheral vascular disease, leading finally
to myocardial infarction (MI) and cardiac arrhythmia.4 MI
usually developed in response to decreased oxygen and
blood supply due to partial or complete blockage of cardiac
arteries leading to heart damage or death to cardiac cells.

This blockage may be caused by a ruptured atherosclerotic

plaque.5,6 MI can lead to myocardial necrosis and subse-

quent complications; therefore, its early treatment may rep-

resent an important key.7,8 For the treatment to be of

optimal benefit, it is vital that an accurate diagnosis is

made as soon as possible. This can only be achieved with

the help of biomarkers, which can also provide prognostic

information that guides clinicians in treating the disease.7

Certain biomarkers are usually used for MI diagnosis
like cardiac troponin (cTn), heart-type fatty acid binding
protein (H-FABP), C-terminal-pro vasopressin (Copeptin),
C-reactive protein (CRP), and myeloperoxidase (MPO).9,10

After an ischemic episode, myocardial cells release
HFABP.11,12 HFABP is an emerging biomarker used for
early diagnosis of MI due to its high sensitivity.13 It has
been shown that combining HFABP with cardiac troponin
(cTn) gives the best performance for early diagnosis of
acute MI.11,14 Arginine vasopressin is usually released in
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response to stress within the circulatory system and
Copeptin represents the c-terminal fragment of vasopressin
and is mostly preferred than arginine vasopressin as an MI
biomarker. This is due to its longer half-life in plasma15–17

and its early appearance after the onset of MI.18 Therefore,
Copeptin can provide amendatory information for early
diagnosis of acute MI especially if done along with cardiac
troponin marker.15,19 Myeloperoxidase (MPO) and C-reac-
tive protein (CRP) are two inflammatory markers that are
usually increased in cardiovascular inflammatory process-
es and can predict recurrent atherothrombosis.20,21

Myeloperoxidase is an inflammatory and oxidative stress
biomarker for MI. Its plasma level is elevated in people
with acute MI and can be used as an early potential bio-
marker in the diagnosis of MI and patients with chest
pain.20,22 CRP is a marker for systemic inflammation
which can also predict cardiovascular events.23,24 High
CRP levels have been shown to predict the long-term risk
of MI.25 Moreover, many studies indicated to positive cor-
relation with IL-6 in acute MI stage and negative one with
HDL-C levels during the acute phase of atherosclerosis.26,27

10-Dehydrogingerdione (10-DHGD) is one of the active
ginger constituents, and recent studies have shown
10-DHGD to be effective as hypolipidemic, anti-
inflammatory, and anti-oxidant agent.28 10-DHGD acts
as cholesteryl ester transfer protein (CEPT) inhibitor con-
ferring protection against lipid-mediated atherosclero-
sis.29 In addition, 10-DHGD has therapeutic effects
against aortic calcification and atherosclerotic lesions in
aortas.30 Moreover, it has been shown to improve the
atherogenic lipid profile by modifying the release of
PCSK-9.31 Therefore, 10-DHGD may represent a potent
therapeutic agent for the treatment of hyperlipidemia
and inflammatory conditions and indeed may be protec-
tive against cardiovascular disease.30,32

Many studies indicated that vitamin D3 plays a key role
in regulating skeletal and calcium homeostasis; additional-
ly, it has important extra skeletal effects, particularly on the
cardiovascular system.33 Recent studies indicated that it
also regulates the inflammation and immune response;34,35

its deficiency is closely related to coronary heart
disease and subsequent mortality.34,36,37 Moreover, its sup-
plementation also induced hypoglycemic effect in diabetic
patients.38

The present study aimed mainly to demonstrate the
effects of vitamin D3 and 10-DHGD treatment either indi-
vidually or in combination on glucose, lipid profile and
biomarkers of MI in a model of diabetic hyperlipidemic
rats. Experimental induction of diabetes in laboratory ani-
mals are usually done by diabetogenic agents, and alloxan
is a characteristic member. Being a urea derivative, its
underlying mechanism involves its selective uptake by
pancreatic b cells due to its structural similarity to glucose.
It induces necrosis and destruction of b cells due to its oxi-
dation of essential thiols and generation of free radicals,
and the net results are inhibition of insulin secretion. This
is mostly attributed to the inhibition of beta cell glucose
sensor glucokinase along with disturbances in intra calci-
um hemostasis.39,40

Materials and methods

Male albino rats (Wistar strain), weighing 150 – 170 g, were
used. The experimental design and animal handling were
approved by the Ethical committee of animal research at
Zagazig University (ZU-IACUC/3/F/79/2018).

Rats were fed on normal chow diet, which consisted
of 20% wheat, 10% wheat bran, 24% soybean cake, 10%
corn,20% rice, 10% fish flour, 1% salt, 3% bone meal, and
1% multivitamins as supplied from a local manufacturing
company.41 The rats were allowed one week for acclima-
tization and then administered Alloxan monohydrate
(Acros-Organics Chemical Co., USA) at a dose of
125mg/kg body weight subcutaneously freshly prepared
in saline (0.9% NaCl). After 1 h of alloxan administration,
a 5% to 10% glucose (alpha chemika) was added to
drinking water for 24 h to protect the rats from the hypo-
glycemic shock.42–45 Blood glucose level was measured
for each rat after 48 h. Rats that achieved a blood sugar
level �200mg/dl were selected as diabetic.46–48 Diabetic
rats were fed later on cholesterol diet (CCT) that contains
4% cholesterol (Alpha Chemical Co., India), 1% cholic
acid (Sigma Chemical company) mixed with chow diet
along with drinking water contain 0.5% thiouracil
(Riedel-De Haen Ag Seelize-Hannover, Germany) for a
period of 14days41,42 and continued later for eightweeks
along with the treatment intake. The rats were then cat-
egorized into four groups (six rats/each). The first one
received no treatment (only CCT diet) and referred to as
a control group or diabetic hyperlipidemic control (DHC)
group), group 2 received 10-DHGD (extracted from
ginger fresh rhizomes (Zingiber officinale) 10mg/kg
orally,31,49 group 3 received vitamin D3 (the Medical
Union of Pharmaceuticals (MUP, Egypt)) 500 IU/kg
weekly administered by oral gavage,50–52 group 4
received a combination therapy of 10-dehydroginger-
dione and vitamin D3. Another group of normal rats
(group 5) that received only chow diet was included
and referred to normal group. These drugs are water
insoluble, so they were freshly prepared as suspensions
before the oral intake using Tween 80 and continued
daily for eight weeks along with CCT.

For the preparation of 10-DHGD, fresh rhizomes of
ginger (Zingiber officinale) was used and processed as
described before.53,54 These rhizomes were cut into frag-
ments and then macerated in methanol for extraction at
room temperature for three days. The methanol extract
was then filtered and concentrated under reduced pressure
at 45�C forming a dark brown residue. The collected resi-
due was suspended later in water and mixed with
n-hexane. The n-hexane layer was separated and concen-
trated; the residue collected was applied to silica gel for
chromatography steps (Merk, silica gel 60, 230–400 mesh,
250 g) with a gradient of n-hexane–ethyl acetate (10:0, 9:1,
8:2, 7:3, 6:4, and 5:5 v/v, 1000ml each) to obtain a yellowish
solid mass. Fraction 5 was separated and applied to GLC-
MS analysis of the volatile oil. This was carried out using
Clarus 600 Gas Chromatography, and Mass Spectrometer
Model: Clarus 600 T Mass Spectrometer, USA.
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Sampling

At the experimental end, blood samples were collected
from fasted rats. A portion of blood samples was collected
in EDTA blood tubes for the determination of HBA1C
immediately, and the other portion was processed for
serum preparation and the immediate determination of
glucose, lipid profile, and kept later at �20�C for the deter-
mination of CRP and myeloperoxidase.

After the rats were sacrificed, part of the myocardium
was removed and stored at –80�C for HFABP and copeptin
gene expression analysis. Another part of myocardium
along with aorta samples were kept in 10% formalin in
saline, kept at 4�C and processed later for histopathological
examination.55

Laboratory analysis

Blood glucose was determined using diagnostic kits pro-
vided by Beckman, USA. Total, HDL cholesterol, and TG
were determined using kits provided by Spinreact Co.,
Spain. Friedewald formula was used for LDL-C calculation.
HBA1c was determined by rat hemoglobin A1C assay kits
supplied by Crystal Chem Europe. CRP and MPO levels
were determined using ELISA kits supplied by BD
Biosciences Co. and BioVisions incorporated company,
Germany, respectively. HFABP and copeptin were

determined by quantitative RT PCR. For RNA extraction,
we used kits supplied from Qiagen (Qiagen, USA). For
cDNA synthesis, we used cDNA reverse transcription kits
(Fermentas, USA). qPCR amplification and analysis were
performed using an Applied Biosystem with software ver-
sion 3.1 (StepOneTM, USA). The primer sequence is as
shown in Table 1.

Statistical analysis

Statistical analyses were done using GraphPad (CA, USA)
Prism 6. All values were expressed as M� SD using One-
way analysis of variances (ANOVA) followed by Tukey–
Kramer test for comparison between groups. Correlation
coefficient was done using Pearson’s correlation coefficient
(r) test taking P� 0.05 as statistically significant.

Results

Histological examination of myocardium and aorta
tissues

Effect of DHC and concurrent all different treatment on
myocardium tissues: Figure 1 and Table 4. Myocardium
tissues of normal group demonstrated normal vasculature
and muscle fibers (Figure 1(a)). The control group showed
intense vacuolation (micro steatosis) and necrosis of cardiac
myocytes, which appeared as empty clear vacuoles of var-
iable sizes and evident edema. Clusters of fat cells appeared
between the myocardial fibers along with blood vessels
congestion, intimal destruction and appearance of plaques
(Figure 1(b)). 10-DHGD group appeared ameliorative, and
few myocardial fibers were swallowed, showed vacuola-
tion, little lipocytes between the myocardial muscle fibers
and the blood vessels appeared normal (Figure 1(c)).
Vitamin D3 group demonstrated mild myocardial lesions,
and the myocytes have minute fatty vacuoles and fat cells

Table 1. RT-qPCR primer sequence.

Name Sequence (50-30)

HFABP gene Forward primer: 50-TGGCCAAACCAGACTGCAT-30

Reverse primer: 50-CTCTCCCAAGGTGCAAGAAAA-30

Copeptin Forward primer: 50-GCCTCAGGACCAGACAGAAG-30

Reverse primer: 50-AATCACTGCCAGCACAGC-30

Beta actin Forward primer: 50-CAACTACATGGTTTACATGTTC-30

Reverse primer: 50-GCCAGTGGACTCCACGAC-30

Figure 1. Effect of DHC and all the different treatments on microscopic examination of myocardium (H &E). Normal group (a). Diabetic hyperlipidemic group (b).

10-DHGD group (c). Vit. D3 group (d). The combination therapy (e). (A color version of this figure is available in the online journal.)
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within the myocardial fibers. The blood vessels were dilat-
ed, hyperemic without any intimal lesions (Figure 1(d)).
Myocardial muscle fibers of the combination therapy
group showed normal morphological features, but a few
myocytes demonstrated some vacuolar (fatty) degeneration
without any fat deposits between the affected myocardial
muscles. Blood vessels showed normal morphological pic-
ture (Figure 1(e)).

Effect of DHC and all the different treatment on aortic
tissues: Figure 2. Examination of aortic section of normal
group demonstrated normal morphological pattern
(Figure 2(a)). Control group showed subintimal infiltration
of lipid (foamy cells), thickened intima, and evident pla-
ques (Figure 2(b)). 10-DHGD treated rats showed minute
subintimal thickening with irregular intima, and the
majority of the remaining tunics are apparently normal
(Figure 2(c)). Vitamin D3-treated rats showed irregular

intima, few foam cells, and little edema in the media
region (Figure 2(d)). Combination therapy group showed
small irregularities of the tunica intima, and most of the
vascular wall was restored to its normal morphological
form (Figure 2(e)).

Changes of glucose, HBA1c, lipid profile, and other
myocardial injury biomarkers

Effect of treatment with vitamin D3, 10-DHGD, and their
combination on blood glucose, hemoglobin A1c, and

lipid profile in DHC rats: Table 2. Diabetic hyperlipidemia
(DHC) rats showed significant increase in blood glucose
(BG), hemoglobin A1c (HBA1C), and serum lipogram pat-
tern compared to the normal group (NG). Values obtained
by individual treatment with 10-DHGD and vitamin D
were significantly lower in comparison to the DHC
group. Combined treatments with 10-DHGD and vitamin

Figure 2. Effect of DHC and all the different treatments on microscopic examination of aorta sections (H & E) normal rats (a). Diabetic hyperlipidemic (b). 10-DHGD

group (c). Vit.D3 group (d). Combination therapy (e). (A color version of this figure is available in the online journal.)

Table 2. Lesion score of myocardial changes among experimental groups of albino rats.

Groups

Microsteatosis and

necrosis of muscle fibers

Intermuscular

lipocytes

Blood vessels

Hyalinization

of the wall

Intimal destruction

(plaques)

NG � � � �
DHC þþþþ þþ þ þ
10-DHGD þþ � � �
VIT. D3 þþ þ þ �
10.DHGD1VIT.D3 þ � � �

Note: þþþþ Very intense, þþþ intense, þþ moderate,þmild, - absence.

NG: normal group; DHC: diabetic hyperlipidemic group; 10-DHGD: 10-dehydrogingerdione group; VIT.D3: vitamin D3 group; 10-DHGDþVIT.

D3: combination therapy group.
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D3 resulted in greater decreases in BG, HBA1C, and lipid
profile than the individual treatment groups.

Effect of treatment with vitamin D3, 10-DHGD, and their
combination on CRP and myeloperoxidase in DHC rats:
Table 3. CRP and myeloperoxidase (MPO) demonstrated
significant increase in control group compared with normal
rats (NG). Treated groups with vitamin D3 and 10-DHGD
either alone or in combination showed significant decrease
in CRP and MPO levels.

mRNA gene expression of HFABP and copeptin

Effect of administration of vitamin D3, 10-DHGD, and
their combination on myocardium mRNA gene
expression of HFABP and copeptin in control group:
Table 3. HFABP and Copeptin gene expressions of control
group demonstrated significant increase compared to
normal rats (NG). However, the administration of all treat-
ment regimens induced a significant decrease in myocardi-
al HFABP and Copeptin gene expressions as compared to
DHC group. The combination of 10-DHGD with VIT-D3
reduced their myocardial gene expressions significantly
compared to their corresponding monotherapies.

Discussion

As previously indicated, diabetic hyperlipidemic rats
showed disturbances in serum glucose, lipid profile,
blood HBA1c, markers specific for cardiovascular diseases,
and MI.56,57 Many studies indicated that diabetic hyperlip-
idemia represents a major risk factor for MI.58 It is clear that
diabetic rats receiving a hypercholesterolemic diet showed
marked levels of hyperglycemia, hyperlipidemia, inflam-
matory state, atherosclerotic lesions, and myocardial
injury. These changes are associated with biochemical
markers and histological features typically seen in MI.30

The present study elucidated that vitamin D3 and its
combination therapy with 10-dehydrogingerdione exerted
a more marked effect than monotherapy. As previously
reported, 10-DHGD demonstrates a hypolipidemic activity,
potent anti-inflammatory, and hypoglycemic activity and
offers anti-oxidant and cardiovascular protection.31,32,54

Pancreatic b cells dysfunction in diabetic individuals
may be attributed to hypoxia and increased oxidative
stress within these cells. Accordingly, Alloxan

administration to the experimental rats induced oxidative
stress state and excessive generation of free radicals. 10-
DHGD is generally known to have antioxidant and anti-
inflammatory properties. Therefore it may significantly
reduce the oxidative stress in the b cells, ameliorate the
potentials of free radical generations along with upregula-
tion of insulin secretion, and indeed hypoglycemic effect.
Recent published work dealing with polyphenol extract of
Caesapinia bonduc demonstrated hypoglycemic effect in
alloxan diabetic rats. The authors attributed the hypoglyce-
mia to the suppression of JNK signaling pathway.59 The net
effect is the regeneration of b cells and improvement of
their free radicals’ scavenging potential and upregulation
of antioxidant gene expression.59

10-DHGD acts as a cholesteryl ester transfer protein
(CEPT) inhibitor conferring protection against lipid-
mediated atherosclerosis.29,54 Moreover, it has been
shown to improve the atherogenic lipid profile by modify-
ing the potential of PCSK-9.31 The observed decrease in
CRP and MPO levels in rats treated with 10-dehydrogin-
gerdione may be attributed to its inhibition of vascular
inflammation induced by hypercholesterolemia state.60 Its
anti-inflammatory effect may be mediated through the sup-
pression of NF-jB-regulated expression of inflammatory
genes.54,61 Its hypolipidemic effect may be attributed to
its stimulatory increase of LDL-C catabolism and inhibition
of PCSK-9.31,62

10-DHGD also has a protective effect against aortic cal-
cification, which in turn decreases cardiovascular dis-
eases.63 In this study, the myocardial injury biomarkers
HFABP and copeptin were significantly decreased by 10-
DHGD as shown in Table 3.

Vitamin D3 demonstrated hypoglycemic effect as shown
in Table 2. The mechanism behind may be through certain
modifications of pancreatic b cells, since many vitamin D
receptors are located in these cells.64,65 Vitamin D can also
suppress the inflammatory markers, which in turn can
improve insulin sensitivity66,67 as mediated through its
muscle cell receptors.66,68 Vitamin D directly activates tran-
scription of the human insulin receptor gene.64,69 Another
mechanism is mediated through an increase in GLUT4
gene expression and improvement in the function of
glucagon-like peptide 1 (GLP-1).70,71 Accordingly, the sig-
nificant decrease in blood glucose and HBA1c levels can be
attributed to vitamin D3 regulatory effect on insulin syn-
thesis and secretion.72

Table 3. Effect of DHC and concurrent different treatments on blood glucose, hemoglobin A1c, and lipid profile.

Parameters NG DHC 10-DHGD VIT.D 10-DHGD1VIT.D

BG (mg/dl) 90� 5.69 389.5� 48.93* 101.66� 6.56# 130� 8.94# 93.166� 9.49#

HBA1c % 3.5� 0.45 9.8� 0.89* 3.96� 0.49# 4.98� 0.38# 3.46� 0.30#a

TC (mg/dl) 87� 7.62 264� 15.88* 112.41� 4.05# 139� 8.18# 105� 4.18#a

TG (mg/dl) 59� 4.39 131� 7.16* 70.73� 3.68# 90� 8.87# 62.03� 6.17#a

HDL-C (mg/dl) 44� 3.81 26� 4.84* 51.21� 4.20# 39� 4.28# 59.12� 5.81#

LDL-C (mg/dl) 31.2� 11.03 211.8� 20.17* 47.05� 5.91# 82� 9.15# 34.13� 9.45#a

NG: normal groups; DHC: diabetic hyperlipidemic rats received no drug treatment; 10-DHGD: 10-dehydrogingerdione, VIT.D: vitamin D3, 10-DHGDþVIT.D: com-

bination therapy; TC: total cholesterol; TG: triglycerides; HDL-C: high density lipoprotein cholesterol, LDL-C: low density lipoprotein cholesterol; HBA1C: hemoglobin

A1c; BG: blood glucose.

*p< 0.0001: NG vs. DHC; #p< 0.0001: DHC vs. treated groups.
ap< 0.0001; combined therapy vs. vit.D3.
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Vitamin D treatment significantly decreased total, LDL-
C cholesterol, triglycerides along with HDL-C increase as
shown in Table 2. This may be due to enhancement of
PPAR-a expression which affects hepatic lipid metabo-
lism.73 Certain studies demonstrated positive correlation
between vitamin D intake, apo A (HDL constituent), and
negative one with total, LDL-C. This is mostly attributed to
certain regulations of adipogenesis.74 TG decrease in the

present study may be due to decreased hepatic TG accu-
mulation and lipogenesis attenuation through Caþ 2/cal-
modulin-dependent kinase.75

Vitamin D also significantly decreased CRP (Table 3).
This is mostly due to inhibition of inflammation and pro-
duction of inflammatory markers76,77 taken in consider-
ation that Vitamin D receptors are also located on
leukocytes, T-helper cells additionally the monocytes.

Figure 3. Correlation between HDL-C and LDL-C with HFABP, CRP, copeptin, and MPO. (a) Correlation between serum HDL-C level and myocardium HFABPmRNA.

(b) Correlation between serum LDL-C level and myocardium HFABP mRNA. (c) Correlation between serum HDL-C level and serum CRP level. (d) Correlation between

serum LDL-C level and serum CRP level. (e) Correlation between serum HDL-C level and myocardium copeptin mRNA (f) Correlation between serum LDL-C level and

myocardium copeptin mRNA. (g) Correlation between serum HDL-C level and serum MPO level. (h) Correlation between serum LDL-C level and serum MPO level.
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Reported study in agreement with the previous reports
demonstrated that vitamin D significantly inhibited IL-6
synthesis in monocytes where IL-6 represents a stimulant
for liver CRP production and secretion.76,78,79 In the present
study, vitamin D3 supplementation was negatively associ-
ated with serumMPO levels as shown in Figure 3. A higher
serum MPO level is associated with the systemic inflam-
mation related to CV disease80 and vitamin D3 treatment
significantly reduced MPO.81 This may refer to its impor-
tant inhibitory influence on this inflammatory pathway.82

Collected data therefore may refer to the protective role
of vitamin D against the development of cardiovascular
disease.79,83 Therefore, vitamin D demonstrated in the pre-
sent study (Table 4) a significant influence on the early
biomarkers of myocardial injury such as HFABP and
Copeptin where the latter represents a diagnostic marker
for myocardial injury and MI.84,85 HFABP as a sensitive
marker is useful to detect myocardial injury and its early
diagnosis.11,13 10-DHGD and vitamin D3 in combination
demonstrated more significant hypolipidemic, hypoglyce-
mic, anti-inflammatory potential and additionally exerted
marked improvement on the biomarkers of MI (copeptin
and HFABP) compared to monotherapy.

Conclusions

10-DHGD and vitamin D3 each individually demonstrated
hypoglycemic and hypolipemic inhibitory effects on the
studied myocardial injury markers (Copeptin, MPO, CRP,
and H FABP). In addition, a combined intake showed evi-
dent synergy between the two as reflected by the biochem-
ical and the histopathological findings.
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