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Abstract: Objective: Uighur medicine Abnormal Savda Munziq (ASMq) shows cardioprotective effect in myocardial
ischemia/reperfusion injury (IRI) in animal models, but the molecular mechanism of this effect is not clear. The
present study investigates the regulation of nuclear factor kappa B (NF-kappa B) pathway by ASMq in IRI rat models.
Methods: Male Sprague-Dawley rats were divided into three groups: the NF-kB gene knockout group (n = 5); the
NF-kB transgenic group (n = 8); and the control group (n = 5). All rats were treated with ASMq for 21 days before
underwent IRI surgical procedure. Blood and tissue samples were collected for the RT-PCR, ELISA, western blot and
other examination. Results: Expression of NF-kB p65mRNA and protein were down-regulated in the NF-kB knock-
out rats but up-regulated in the transgenic rats comparing with the controls (P<0.05). The upstream NF-kB kinase
expressions, the downstream inflammatory cytokines, and the myocardial injury markers were all changed in ac-
cordance with the NF-kB gene modification (all P values <0.05). AMSq treatment relieved IRl in the NF-kB knockout
rats. Conclusion: Inhibition on NF-kB signaling pathway may alleviate IRI in rats under ASMq treatment.
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Introduction

Myocardial ischemia/reperfusion injury (IRI) is
the tissue damage caused by no blood flow to
the heart (ischemia) and the blood reperfusion
itself [1]. In patients with myocardial infarction,
acute myocardial ischemic injury is treated by
timely and effective myocardial reperfusion
using either thrombolytic therapy or primary
percutaneous coronary intervention [2]. How-
ever, the process of myocardial reperfusion
itself can independently induce cardiomyocyte
death [3-5]. Animal model of acute myocar-
dial infarction suggests that myocardial IRI ac-
counts for up to 50% of the myocardial infarct
final size [1]. IRl is @ main contributor to adverse
outcomes after cardiac surgery or circulatory
arrest. A couple of factors act in concert to
mediate the detrimental effect of IRI, such
as oxidative stress, intracellular Ca%* overload,
the rapid restoration of physiological pH at
the time of reperfusion, and, inflammation [2].

More recently, inflammation has become a the-
rapeutic target of lethal reperfusion injury and
the results are controversial.

Abnormal Savda Munziq (ASMq) is a herbal for-
mula in Uighur medicine, and mainly consists of
stokesia laevis, hyssopus, lavender, adiantace-
ae, fumaria officinalis, jujube, and alhagi pseu-
doalhagi desv. The ASMq exhibits anti-oxidant,
anti-inflammatory, and anti-thrombosis effect
and has been widely used in treating gastroin-
testinal cancer, diabetes, cardiovascular dis-
eases or chronic asthma [6-11]. Our previous
studies demonstrate that ASMq has cardiopro-
tective effect in abnormal savda animal model,
and that ASMq dose-dependently improves the
pathological changes in myocardial fibers and
the general condition in rats [12, 13]. Although
the anti-inflammation effect and IRI protection
of ASMq have been observed in animals, the
molecular mechanism of these effects is not
clear yet.
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Nuclear factor kappa B (NF-kB) is a transcrip-
tion factor that is composed of five subunits
(p50/p105, p52/p100, p65 (RelA), RelB and
c-Rel) and can regulate downstream gene ex-
pression [14]. The effect of quercetin on IRI of
peripheral nerve is mediated by inhibition of
NF-kB pathway [15]. Chinese medicine gualou
xiebai banxia decoction is reported to be able
reduce rat myocardial IRl through inhibition of
NF-kB activation [16].

Herein, to examine the effect of ASMq on
IRl injury and the potential involvement of
NF-kB pathway, we treated NF-kB knockout
rats, transgenic rats, and control rats with
ASMq for 21 days before they underwent IRI
surgery. The subsequent tissue damages and
protein expression changes in myocardial tis-
sues in each group were assessed after ASMq
treatment.

Materials and methods
Animals

Male Sprague-Dawley rats weighing between
250 and 295 g and aging between 8 and 12
weeks were purchased from ViewSolid Biotech
Lt. Co. (Beijing, China). Rats were pair-housed,
maintained at a controlled temperature (23 +
3°C) and humidity (50 + 20%), and subjected to
a 12 h light-dark cycle. These rats included the
NF-kB gene knockout rats (the NF-kB knockout
group; n = 5), the NF-kB transgenic rats (the
NF-kB transgenic group; n = 8), and the normal
rats (the control group; n = 5). The experimental
protocol was approved by the ethical review
board of Xinjiang Medical University. All experi-
ments were performed in accordance with
Guide for the Care and Use of Laboratory Ani-
mals issued by the Ministry of Science and
Technology.

ASMq treatment

ASMq was intragastrically administered in all
rats for 21 days before the IRI surgery. The opti-
mal dose for IRI protection in rats was 5.07 g/
kg (5.0 g ASMq solved in 1 ml distilled water),
equivalent to 2 folds the dosage of clinical
use. The animal general condition including
body temperature, body weight, food intake,
water intake, urine and stool properties were
observed and recorded during the drug ad-
ministration.
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ECG monitor and IRI surgical procedure

All animals underwent surgical procedure to
establish IRl model. Briefly, the rats were anes-
thetized by an intraperitoneal injection of sodi-
um pentobarbital at the dose of 30 mg/kg.
Five-lead ECGs (Techman Soft, Chengdu, China)
were recorded using four needle electrodes
subcutaneously implanted in each hind/fore-
limb and one electrode placed on the right side
of the chest. The ECG (paper speed: 100 mm/s,
voltage: 20 mm/mV) was recorded for 5 min
as the baseline. The arrhythmia was monitored
for 1 min by ECG at -30, -10, -5, 3, 5, 10, 15,
30, 45, 60, 75, and 90 min in the surgery.
Tracheostomy tube ventilator assisted breath-
ing was used, with the parameters as follows: a
respiratory rate of 50 breaths/min, a tidal vol-
ume of 20 mi/kg, and an |:E ratio of 1:1 (the
ratio of inspiration duration to expiration dura-
tion) [17, 18].

The left coronary artery was ligated using a
6-0 silk suture (Johnson & Johnson NJ, USA)
through a 15 mm opening at the 4" intercostal
space. A plain knot was tied after calmly breath-
ing for 10 min, and the knot was left in-situ for
30 min. Ischemia was confirmed in all rats by
discoloration of the heart surface and ST eleva-
tion (=0.1 mV) on the ECG recording. After 30
min, the knot was released and the reperfusion
was verified by reddening of the previously dis-
colored area of the heart surface and the ECG
recordings. The reperfusion continued for 120
min before the animal was sacrificed to obtain
the myocardial infarction tissue.

Quantitative RT-PCR

Total RNA was extracted from 100 mg of rat
myocardial infarction tissue with Trizol reagent
(Invitrogen). RNA purity was assessed by the
absorbance ratio at 260 nm and 280 nm
(1.8<A260/A280<2.1). cDNA was prepared
from samples of 1 yg of RNA with Fast Quant
RT Kit (Tiangen, Beijing, China) according to the
instructions of the manufacturer. PCR was per-
formed in 20 uL of reaction solution containing
1 ug of cDNA and the appropriate primers from
Oebiotech (Oebiotech, Urumqi, China) (Table 1)
using a SYBR green PCR kit (Qiagen, MD, USA).
PCR conditions were as follows: denaturation
at 95°C for 2 min, 40 cycles of 15 s at 95°C,
60 s at 60°C, 60 s at 72°C, and a final exten-
sion at 72°C for 2 min. The mRNA relative ex-
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Table 1. Primers used in the RT-PCR
Primer (5’ to 3’)

P65-Forward CTGGCCATGGACGATCTGTT
P65-Reverse GCACTTGTAACGGAAACGCA
HSP70-Forward AATGCGCTCGAGTCCTATGC
HSP70-Reverse CTCAGCCAGCGTGTTAGAGT
CRP78-Forward CCTATTCCTGCGTCGGTGTA

CRP78-Reverse GACGTGAGTTGGTTCTTGGC
NIK-Forward ACGTGATACCCTGAGTTCCG

NIK-Reverse TGGACCTTGACACCGTTGAA

IKKa-Forward CGCTCTCTTGTAGGATCCAGTC
IKKa-Reverse CTAACGTCTCGCCATCTTGAGG
PKC zeta-Forward ~ ACTCCTGCTTCCAGACAACG
PKC zeta-Reverse  TCAGCAGCATAGAACCTGGC
beta actin-Forward CCCATCTATGAGGGTTACGC
beta actin-Reverse TTTAATGTCACGCACGATTTC

pression was calculated using the 222¢t method
[19]. All reactions were performed in triplicate.

ELISA

Blood samples were collected from rat right
ventricular. The serum levels of IL-IB, IL-6, IL-10,
intercellular cell adhesion molecule (ICAM), E-
cadherin (E-cad), TNF-«, troponin (cTn-T), and
integrin beta-4 (ITGB4) were measured by the
ELISA kit (Cusabio Co. Ltd., Wuhan, China) ac-
cording to the manufacturer’s instructions. The
creatine kinase (CK-MB), lactate dehydroge-
nase (LDH), and nitric oxide (NO) was detected
using the corresponding kits (Jiancheng bio-
engineering, Nanjing, China), and the malondi-
aldehyde (MDA) was detected by MDA kit (Be-
yotime, Shanghai, China).

Western blot

The protein was extracted from tissue samples
by RIPA lysis (Boster, Wuhan, China) according
to the manufacturer’s instruction. After deter-
mination of the protein concentration using
BCA Protein Assay Kit (Tiangen, Beijing, China),
proteins (40 pg lane-1, with 6 uL marker) were
then electrophoresed through a 10% SDS-PA-
GE and transferred to a PVDF membrane (Milli-
pore, UK) for 70 min under 100 V voltage. The
membrane was blocked with 5% skim milk in
TBST at room temperature for 1 h. The blots
were stained with rabbit polyclonal primary
(CRP78, HSP70, IKKa, NIk, PKC-zeta, and p
(PKC-zeta), 1:500; p (IKKa), 1:1000; p65, 1:
200; Abcam, Cambridge, MA, USA) at 4°C over-
night and secondary (1:10000; Pierce Goat
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Anti-Rabbit 1gG, Thermo Scientific, USA) anti-
bodies for 1 h at room temperature. The inten-
sity of the bands was scanned and analyzed
using Clinx Chemiscope 3000 (Clinx, Shanghai,
China).

HE staining

Rat myocardium tissue was prepared by fixa-
tion in 4% formaldehyde solution. The tissues
were then dehydrated in a graded series of
ethanol solutions, embedded in paraffin and
cut into sections (6 um). The hematoxylin and
eosin (HE) staining was performed according
to routine procedure. The degree of pathologi-
cal damage was evaluated under a light mi-
croscope.

Electron microscopy observation

The ultrastructural observation of myocardium
was performed using an electron microscopy
accordingly to routine procedure.

Statistical analysis

Data were presented as mean values + SEM.
Data was processed by SPSS17.0 software
(SPSS, Chicago, IL, USA). Differences between
groups were tested using either a one-way
analysis of variance or an unpaired Student’-
test. P<0.05 was considered to be statistical
significant.

Results
Clinical characteristics of rats

All rats received ASMq treatment before the IRI
surgery. The ECG results confirmed the IRI pro-
cedures were successful. The average infarc-
tion size of the transgenetic group was greater
than that of the controls and the NF-kB knock-
out rats, suggesting greater IRI injury in the
transgenetic group.

Ultrastructural analysis of the myocardium

Rat IRI tissues were examined by electron mi-
croscopy (Figure 1). The peri-infarct myocardial
area of the IRl in the NF-kB transgenic rats
showed disrupted endothelial linings of micro-
vessels, red blood cell leakage, and vacuoles,
indicating endothelial damage (Figure 1C). In
contrast, in the NF-kB knockout rats, the pa-
thological changes were significantly improved
(Figure 1B). The HE staining results (Figure 2)
showed some myocardial vacuolar degenera-
tion in the NF-kB knockout rats, vacuolar de-
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Figure 1. Ultrastructure changes of rat myocardia. The ultrastructure of rat myocardia was observed under an elec-
tron microscopy. A: Control rat; B: NF-kB knockout rat; C: NF-kB transgenic rats.

Figure 2. Pathological changes of rat myocardia. The hematoxylin and eosin staining was performed and the repre-
sentative results were shown. A: Control rat; B: NF-kB knockout rat; C: NF-kB transgenic rats.
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Figure 3. Analysis of HSP70, GRP78, p65, NIK,
IKKa, and PKCzeta mRNA. The relative expression
of mMRNA among the controls, the NF-kB knockout
rat group and the NF-kB transgenic rat group were
detected with RT-gPCR. *indicating comparison with

the control group, P<0.05; #indicating comparison
with the NF-kB knockout rat group, P<0.05.

generation and some lymphocytes infiltration
in the controls, and vacuolar degeneration and
cell proliferation, vascular dilation in the trans-
genetic rats.

The HSP70, GRP78, P65, NIK, IKK-alpha
MRNA expressions

The relative expression of HSP70, GRP78, P65,
NIK (NF-kB inducing kinase), and IKKa (IkB
kinase alpha) mMRNA was down-regulated in the
NF-kB knockout rats while were up-regulated in
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the transgenic rats comparing to the controls
(Figure 3). The only exception was PKC-zeta.
The results suggest that NF-kB transduction
pathway plays a vital role in regulation of these
MRNA expressions.

The pro-inflammatory cytokines expressions
among groups

The pro-inflammatory cytokines of IL-1(3, IL-6,
IL-10, and TNF-a were significantly decreased in
the NF-kB knockout rats while were up-regulat-
ed in the transgenic rats when comparing with
the controls (Figure 4). The results suggest that
the inflammation is inhibited in the NF-kB kno-
ckout rats but is more severe in the transgenic
rats.

The adhesion molecular expressions among
groups

The adhesion molecules ICAM, E-Cad, ITGB4
were significantly decreased in the NF-kB kno-
ckout rats while were up-regulated in the trans-
genic rats comparing to the controls (Figure 5).
The results suggest that NF-kB pathway regu-
lated the adhesion molecular expression during
the IRI modeling and plays a role in the inflam-
matory responses.
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Figure 4. Analysis of IL-13, IL-6, IL-10 and TNF-a levels in the serum of rats. ELISA was used to detect these cytokines
in serum. *indicating comparison with the control group, P<0.05; #indicating comparison with the NF-kB knockout

rat group, P<0.05.
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The cardiac marker expressions among groups

The levels of cTn-T and CK-MB were significant-
ly decreased in the NF-kB knockout rats while
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Figure 5. Analysis of intercellular cell adhesion
molecule (ICAM), E-Cadherin (E-Cad), and integ-
rin beta-4 (ITGB4) levels. The levels of adhesion
molecules among groups were measured using
ELISA test. *indicating comparison with the con-
trol group, P<0.05; #indicating comparison with
the NF-kB knockout rat group, P<0.05.

were up-regulated in the transgenic rats com-
paring to the controls (Figure 6). The results
suggest that the myocardial infarction is more
severe in the transgenic rats, and the NF-kB
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Figure 6. Analysis of creatine kinase (CK-MB),
lactate dehydrogenase (LDH), and tropo-
nin (cTn-T) levels. The levels of CK-MB, LDH,
and cTn-T were detected with corresponding
kits. *indicating comparison with the control
group, P<0.05; #indicating comparison with
the NF-kB knockout rat group, P<0.05.
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Figure 7. Analysis of malondialdehyde (MDA) and nitric oxide (NO) levels in myocardial infarction tissues. MDA level
was detected by MDA and NO level was measured by NO ELISA kit. *indicating comparison with the control group,
P<0.05; #indicating comparison with the NF-kB knockout rat group, P<0.05.

knockout rats suffered less injury compared
with the controls. The level of LDH did not sh-
ow the above changes. The reason is possibly
because the peak time of LDH is about 72 h
after myocardial infarction, so the changes in
our observation window are not evident.

The oxidative stress among groups

The expression of MDA and NO were signifi-
cantly decreased in the NF-kB knockout rats
while were up-regulated in the transgenic rats
comparing to the controls (Figure 7). These
results suggest the myocardium oxidative str-
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ess in the transgenic rats was elevated. And
knockout of the NF-kB gene can reduce the
oxidative stress in the experimental setting.

The HSP70, GRP78, P65, NIK, IKKx protein
expression by western blot

The genetic modification altered the expression
of HSP70, GRP78, P65, NIK, IKK-alpha protein
among different groups, as shown in Figure 8
and Supplementary Figure 1. HSP70, GRP78
expression in the transgenic rats was up-regu-
lated and it suggested greater endoplasmic
reticulum (ER) stress. P65 expression was high-
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Figure 8. Analysis of related protein levels. Protein expression was detected by western blot. Representative and
quantitative western blot results were shown on the right and left, respectively. *indicating comparison with the
control group, P<0.05; #indicating comparison with the NF-kB knockout rat group, P<0.05.

er in the transgenic rats as expected. IKKa and
NIK are inducers of NF-kB pathway and they
lead to NF-KB activation. The phosphorylated
IKKa was down-regulated in the NF-kB knock-
out rats, suggesting an inhibition of NF-kB acti-
vation in these rats. The protein expressions
were not always coincided with the mRNA ex-
pression among the three groups, particular-
ly, the expression of phosphorylated PKC-zeta
showed a reverse trend comparing with the
MRNA expression.

Discussion

IRI has been a thorny problem for cardiac sur-
geries and understanding the molecular mech-
anism of myocardial IRI is of great clinical sig-
nificance. At present, a number of cell signaling
pathways are reported to be involved in the
pathogenesis of IR, including NF-kB, Janus and
JAK/PKC, and mitogen-activated protein kinase
[20]. Our previous studies have demonstrated
that the Uighur medicine ASMq can protect
myocardial IRl in rat models [12, 13]. The cur-
rent study showed that NF-kB signaling path-
way was vital to IRl in rats under ASMq treat-
ment.

Inflammatory immune response is initiated
from ischemia and continues over several

hours into reperfusion, thus contributing to a
potential second therapeutic window for re-
ducing myocardial injury size [21-23]. Anti-in-
flammation agents have shown clinically prom-
ising benefit in protecting renal, nerve, and liver
IRI [15, 24, 25]. The ASMq has anti-inflamma-
tion and anti-oxidative effects and exhibits pro-
tection against myocardial IRl in our previous
investigation [12, 13].

NF-kB pathway can be activated by alternative
processes that induced by IKKa or NIK respec-
tively [26, 27]. PKC zeta is also reported to par-
ticipate in NF-kB activation [28]. NF-kB activa-
tion can promote inflammatory gene expres-
sion, including IL-1B, IL-6, IL-10 and TNF-«, and
adhesion factors such as intercellular adhe-
sion molecule ICAM-1 [29]. Increased expres-
sion of adhesion molecules attracts more neu-
trophils and lymphocytes, leading injury to vas-
cular endothelial cells and myocardial cells
[30]. In our study, we measured the oxidative
stress, ER stress during IRl. Meanwhile, NF-kB
upstream kinase expressions, NF-kB p65 ex-
pression, the regulated downstream inflamma-
tory cytokines, as well as the cardiac injury
markers were also monitored. As the results
shown, the injury stresses were alleviated by
the knockout of NF-kB gene, the pro-inflamma-
tory cytokines and cardiac markers were down-
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regulated, and less severe myocardial injuries
in these rats were observed by pathological
findings. The average infarction size was small-
er, and the lymphocytes infiltration in the myo-
cardium was less evident in the NF-kB knock-
out rats when comparing with the NF-kB trans-
genic rats. These results suggest that the myo-
cardial injury protection effect of ASMq treat-
ment may be mediated by the NF-kB pathway.

Limited number of experimental animal con-
strained us from a thorough comparison of the
treatment effect of ASMq, which is the main
weakness of this study. But in our preliminary/
previous experiment, we have found that ASMq
could inhibit the activation of NF-kB. We postu-
late that the protection effect of ASMq on myo-
cardial IRI might be acted through NF-kB signal-
ing pathway. And the results confirmed that
NF-kB is a key regulator of the IRl injury in rats.

Conclusion

The NF-kB upstream and downstream gene
expression was altered after IRI. Inflammatory
responses were reduced in the NF-kB knock-
out rats during IRl model. We suggest that
the inhibition on NF-kB signaling pathway acti-
vation may alleviate IRl in rats under ASMq
treatment.
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Inhibition of NF-kB pathway under munziq treatment
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Supplementary Figure 1. Analysis of related protein levels. Protein expression was detected by western blot. Repre-
sentative western blot results were shown. Three duplicate lanes were set up for each group.



