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Abstract

Sepsis is a systemic response to infection that can result in acute hepatic and splenic damage. Ziziphus spina-christi (L.)
is a wild tree used as a medicinal plant by ancient Egyptians. However, little is known about the mechanism underlying its
effects on sepsis. The current study investigated the protective effects of a Z. spina-christi leaf extract (ZSCLE) on liver
and spleen damage in a male C57BL/6 mouse model of sepsis, induced by cecal ligation and puncture (CLP). Prior to CLP,
ZSCLE was administered daily for five consecutive days via oral gavage at doses of 100, 200, or 300 mg/kg. The mice were
euthanized 9 h after CLP, and oxidative stress markers were measured (myeloperoxidase, lipid peroxidation, nitric oxide, and
reduced glutathione). In addition, we investigated histological changes, anti-oxidant enzyme activities (superoxide dismutase,
catalase, glutathione peroxidase, and glutathione reductase), cytokine levels, protein expression of nuclear factor-kB and
inducible nitric oxide synthase (iNOS), and mRNA levels of mitogen-activated protein kinase (8, 9, and 14), iNOS, tumor
necrosis factor-a, and interleukin-1p. Our results indicated that ZSCLE significantly and dose-dependently inhibited sepsis-
induced liver and spleen injury. These results suggest that ZSCLE could provide a therapeutic agent for sepsis by inducing
anti-inflammatory and anti-oxidant effects.
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GSH Glutathione NF-xB  Nuclear factor-xB

IL-1p Interleukin-1p NO Nitric oxide

iNOS Inducible nitric oxide synthase ROS Reactive oxygen species

MDA Malondialdehyde TNF-a  Tumor necrosis factor-a

ZSC Ziziphus spina-christi (L.)
ZSCLE  Ziziphus spina-christi leaf extract
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However, the progression of inflammation from a local to a
systemic response involves activation of circulating leuko-
cytes; these release proinflammatory cytokines such as inter-
leukin (IL)-1, -6, -8, and tumor necrosis factor-alpha (TNF-
o) into the blood (Rahim et al. 2017). Increased chemokine
production is responsible for attracting leukocytes to the site
of inflammation (Shi and Pamer 2011).

There is growing evidence that the oxidant/anti-oxidant
imbalance arising from overproduction of free radicals plays
a fundamental role in MOD (Zolali et al. 2015). Reactive
oxygen species (ROS) are considered to be implicated in
the development of sepsis (Zhou et al. 2012). ROS have
pro-inflammatory effects that cause endothelial damage,
production of chemotactic factors, leucocyte infiltration,
cytokine release, mitochondrial dysfunction, lipid per-
oxidation, and DNA damage (Bacanli et al. 2016); all of
these effects participate in free radical overload and oxi-
dative stress (Andrades et al. 2011). Hence, anti-oxidants
and alternative medicines can ameliorate sepsis-induced
inflammation and tissue injury in two ways: (1) directly, by
scavenging free radicals; and (2) indirectly, by enhancing the
endogenous anti-oxidant defense system (Zolali et al. 2014).
Several studies have confirmed that the administration of a
natural anti-oxidant in a septic animal model produced a
significantly favorable effect on the manifestations of sepsis
(Xiao et al. 2012).

Ziziphus spina-christi (L.) (ZSC) belongs to the Rham-
naceae family and produces small, orange-yellow fruits. This
plant grows wild in Egypt (especially in Sinai) and is com-
monly known as Nabka and Sidr in other Arabic countries
(Michel et al. 2011). Phytochemical analysis has confirmed
that ZSC contained essential oils such as geranyl acetate,
methyl palmitate, and methyl stearate, alkaloids such as
spinanine-A, tannins, phytosterols like beta-sitosterol, fla-
vonoids such as quercetin derivatives, and saponins such as
betulinic acid and triterpenoid sapogenins (Kadioglu et al.
2016). In traditional folk medicine, ZSC is used for its anti-
bacterial, antiviral, anticathartic, diuretic, hypoglycemic,
and tonic activities (Amin and Mahmoud-Ghoneim 2009;
Michel et al. 2011; Mubaraki et al. 2017). However, no stud-
ies have focused on the beneficial effects of ZSC on sepsis.

Hence, the present study explored the therapeutic poten-
tial of ZSC leaf extract (ZSCLE) in a mouse model of sepsis
induced by cecal ligation and puncture (CLP). This investi-
gation was conducted to improve the understanding of the
mechanisms underlying the use of ZSC as a traditional medi-
cine, as well as to provide further information concerning
the anti-inflammatory effects of this plant.
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Methods
Chemicals and reagents

High-performance liquid chromatography-grade metha-
nol, bovine serum albumin, and Tris—HCI were obtained
from Sigma-Aldrich (St Louis, MO, USA). Nitroblue tetra-
zolium, phenazine methosulfate, hexadecyltrimethylam-
monium bromide, and O-dianisidine were obtained from
Alfa Aesar (Tewksbury, MA, USA). PCR primers for the
indicated genes were synthesized by Jena Bioscience (Jena,
Germany). TNF-a and IL-1p enzyme-linked immunosorb-
ent assay kits were obtained from R&D Systems (Minne-
apolis, MN, USA). Thiobarbituric acid was purchased from
Merck (Darmstadt, Germany). Other reagents and dilutions
were as follows: anti-nuclear factor-kB (NF-xB; 1:500)
and anti-inducible nitric oxide synthase (iNOS; Santa Cruz
Biotechnology, Santa Cruz, CA, USA); goat anti-rabbit IgG
(1:2000; Life Technologies, Carlsbad, CA, USA); RNeasy
Plus Mini kit (Qiagen, Valencia, CA, USA); Power SYBR®
Green (Life Technologies); and alanine aminotransferase,
aspartate aminotransferase, alkaline phosphatase, and lactate
dehydrogenase kits (Biodiagnostic, Giza, Egypt).

Experimental animals

Male C57BL/6 mice (25-28 g, 8 weeks old) were obtained
from the animal facility of Theodor Bilharz Research Insti-
tute (Giza, Egypt) and acclimatized to a standard envi-
ronment (22 + 2 °C) and a 12-h light/12-h dark cycle for
1 week; animals were provided with standard rodent chow
and water ad libitum. The experimental procedures were
approved by the Institutional Animal Ethics Committee at
Helwan University (approval No. HU2017/Z/01), in accord-
ance with the National Institutes of Health Guidelines for the
Care and Use of Laboratory Animals, 8th edition.

Plant material and extraction procedure

ZSC leaves were purchased from a local spice dealer in
Cairo, Egypt. The identity of this leaf was approved by a
taxonomist (Botany Department, Faculty of Science, Hel-
wan University, Egypt). The leaves were washed with water
to remove dirt, and air-dried under shade. The dried leaves
were crushed to a powder using an electrical miller. The
resultant powder was extracted with 70% (w/v) methanol
in the dark for 27 h at 25 °C. The collected extract was fil-
tered using Whatman No-1 filter paper. The solvent was then
evaporated off in a vacuum rotary evaporator (IKA, Ger-
many). The remaining extract was then frozen at — 80 °C
prior to lyophilization. The residue was dissolved in distilled
water and stored at — 20 °C in a dark bottle until use. The
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levels of polyphenols and flavonoids in this ZSCLE were
estimated using standard methods (Abdel Moneim 2013).
The polyphenol content of ZSCLE ranged from 98.4 to
104.3 mg gallic acid equivalents/g extract, while the total
flavonoid content ranged from 38.6 to 45.1 mg quercetin
equivalents/g extract.

HPLC analysis

The polyphenolic and flavonoid compounds present in the
ZSCLE were detected via a photo diode array (PDA) detec-
tor of a high-pressure liquid chromatography (HPLC; Per-
kin Elmer Series 200 liquid chromatography; PerkinElmer,
USA) using the method described by Kadioglu et al. (2016).
Briefly, HPLC was carried out with a Phenomenex C-18
column (4.6 mm X 250 mm, 5 pm), volume injection was
25 pL. Mobile phase consists of 2.0% acetic acid (solvent A)
and acetonitrile (solvent B). The flow rate was set at 0.80 ml/
min throughout the elution. HPLC operation was carried out
at ambient temperature.

Protocol design

Sepsis induction in C57BL/6 mice was performed using the
CLP procedure, according to Wan et al. (2016), and a small
amount of stool was extruded to ensure the patency of the
puncture sites. Healthy mice were randomly allocated to
one of the following seven groups (14 mice/group): sham-
operated and untreated; sham-operated and treated with
ZSCLE (300 mg/kg); sepsis-induced; sepsis-induced and
treated with ZSCLE (100 mg/kg); sepsis-induced and treated
with ZSCLE (200 mg/kg); and sepsis-induced and treated
with ZSCLE (300 mg/kg). Sham-operated mice were not
subjected to CLP and were anaesthetized only to perform
the laparotomy and caecum manipulation procedures. The
animals were not fasted either pre- or post-operatively and
had free access to water and food. In the ZSCLE-treated
groups, the relevant dose was administrated orally (200 ul)
for 5 consecutive days before surgery. Liver, spleen, and
blood samples of seven mice were collected 9 h after CLP.

Survival study

Survival was monitored at least every 8 h for 3 days after
operation. The mean survival times of each study group were
analyzed via the Kaplan—Meier survival curve, which was
drawn by Prism v.6.

Protein determination
Protein determinations were carried out according to the

method of Lowry et al. (1951) using bovine serum albumin
as the standard.

Liver function parameters

Serum levels of alanine aminotransferase, aspartate ami-
notransferase, alkaline phosphatase, and lactate dehydroge-
nase were determined using standard diagnostic kits.

Myeloperoxidase (MPO) activity measurement

MPO activity was measured as a marker of leucocyte migra-
tion and aggregation. Liver or spleen tissue specimens were
homogenized (1:20, w/v) in ice-cold 50-mM potassium
phosphate buffer (pH 6.0) containing hexadecyltrimeth-
ylammonium bromide (0.5%). The resultant homogenate
was frozen and thawed three times, and then centrifuged at
3000g for 25 min at 4 °C. The activity of MPO in the speci-
men was measured using the O-dianisidine method (Brad-
ley et al. 1982). The change in absorbance was determined
spectrophotometrically at 460 nm. MPO activity data were
expressed in units per milligram of protein.

Lipid peroxidation measurement

Malondialdehyde (MDA) levels in the liver and spleen were
estimated as a marker of lipid peroxidation (Ohkawa et al.
1979). Briefly, 500 pl of each supernatant was mixed with
a reaction mixture containing 0.22% sulfuric acid, 0.67%
thiobarbituric acid, and distilled water. The resulting mixture
was boiled for 30 min at 95 °C and then cooled at room tem-
perature. Then, the samples were centrifuged at 1000g for
15 min and the absorbance of the supernatant was spectro-
photometrically (V-630; Jasco, Japan) measured at 540 nm.
Data are expressed as nanomoles MDA per milligram of
protein.

Nitrite/nitrate estimation

The level of nitrite/nitrate (nitric oxide; NO) was estimated
using a colorimetric method (Grisham et al. 1996). Briefly,
100 pl of each supernatant was reacted with 1000 ml Griess
reagent at room temperature for 10 min in the dark. The
resultant bright reddish purple azo dye was measured spec-
trophotometrically at 540 nm. A solution of known sodium
nitrite concentration was used as a working standard. These
data were expressed as micromoles per milligram of protein.

Estimation of anti-oxidant enzymes

Superoxide dismutase activity was determined in liver and
spleen homogenates by monitoring the ability of the enzyme
to inhibit the reduction in nitroblue tetrazolium dye by
phenazine methosulfate (Nishikimi et al. 1972). Briefly, the
sample (0.05 ml) was added to the reaction mixture (1.3 ml)
consisting of phosphate buffer (0.1 M; pH 8.5) containing
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nitroblue tetrazolium (0.3 mM), reduced nicotinamide
adenine dinucleotide (0.47 mM), and phenazine methosul-
fate (93 uM). The increase in absorbance was recorded for
5 min at 560 nm. Superoxide dismutase activity data were
expressed as units per milligram of protein.

Catalase activity was measured by determining the rate of
H,0, decomposition at 240 nm (Aebi 1984). The decrease
in absorbance was monitored for 180 s and the activity of
catalase was defined as pM H,0, decomposed/s/mg protein.
Briefly, 0.1 ml of the homogenate was added to the reaction
mixture (0.9 ml) containing phosphate buffer (50 mM, pH
7.0) and H,0, (30 mM).

The method described by Ursini et al. (1985) was
employed to determine the activity of glutathione per-
oxidase (GPx) indirectly by a coupled reaction with glu-
tathione reductase (GR). GSH is oxidized to GSSG by
GPx and recycled to its reduced form by GR. This reac-
tion consumes reduced nicotinamide adenine dinucleotide
phosphate (NADPH). The decrease in NADPH level (moni-
tored at 340 nm) is therefore proportional to the GPx activ-
ity. Briefly, 0.05 ml of each sample was added to a reaction
mixture (1.1 ml) containing 0.05-M Tris—HCI with 5-mM
ethylenediaminetetraacetic acid (pH 7.6), GSH (24 uM), and
NADPH (4.8 uM). GPx data were expressed as nanomoles
NADPH oxidized/min/mg protein. GR activity was assayed
by recording the decrease in absorbance at 340 nm that
resulted from GR-mediated catalysis of GSSG in the pres-
ence of NADPH, which is oxidized to NADP™ (Carlberg
and Mannervik 1985). Briefly, 0.05 ml of the sample was
mixed with a reaction mixture (1.2 ml) of phosphate buffer/
ethylenediaminetetraacetic acid (100 mM/2 mM; pH 7.5),
GSSG (20 mM), and NADPH (2 mM). The change in
absorbance was recorded at 340 nm for 3 min and the GR
activity data were expressed as micromoles GSSG reduced/
min/mg protein.

TNF-a and IL-1B determinations

The levels of TNF-a and IL-1f in the liver and spleen tissue
supernatants were assayed using commercial enzyme-linked
immunosorbent assay kits, in accordance with the manufac-
turer’s instructions.

Histological examination

To assess liver and spleen damage, histological examina-
tions were performed. Briefly, liver and spleen tissues were
fixed in buffered 10% formaldehyde and then embedded
in paraffin. The embedded tissue samples were sectioned
(5 pm) and stained with haematoxylin and eosin to examine
general histological features. A semi-quantitative scoring
system was used. For liver tissue evaluation, hepatocyte
degeneration and portal/lobular inflammation were scored
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(each 0-3), whereas the spleen sample was scored for the
enlargement of B- and T-lymphocyte areas in red and white
pulps (0-3) and necrosis/apoptosis (each 0-2). Scoring of
each tissue sample represented the mean score of ten differ-
ent fields. The stained tissue sections were evaluated under
a light microscope (Eclipse E200-LED; Nikon, Kawasaki,
Japan) at X400 magnification.

Immunohistochemistry

Liver and spleen tissue blocks were prepared as described
in the previous paragraph and then sectioned (4 pm) and
blocked with methanol containing H,0, (0.1%) before incu-
bating overnight at 4 °C with either anti-NF-xB (1:500) or
anti-iNOS (1:500). The sections were then washed three
times for 5 min with phosphate-buffered saline containing
Tween 20 (PBST), and incubated with goat anti-rabbit IgG
(1:2000) for 2 h at 25 °C. Next, the sections were washed
three times for 5 min with PBST, and then incubated with
3,3'-diaminobenzidine tetrahydrochloride containing H,0,
(0.1%) in Tris—HCI buffer (0.05 M; pH 7.6; Life Technolo-
gies) for 5 min at 25 °C. After again washing the sections
three times for 5 min with PBST, they were lightly counter-
stained with haematoxylin and observed using an Eclipse
E200-LED (Nikon; magnification x400).

Gene expression analyses

To assess the gene expression of inflammatory media-
tors, the mRNA levels of mitogen-activated protein kinase
(MAPK) 8, MAPK9, MAPK14, iNOS, IL-1f, and TNF-a
were determined by real-time polymerase chain reaction
(PCR). Total RNA was extracted from liver or spleen tis-
sues using RNeasy Plus Mini kits. First-strand cDNA
synthesis was performed using 100ng total RNA and a
Script™ cDNA synthesis kit (Bio-Rad, CA, USA), accord-
ing to the manufacturer’s instructions. Quantitative real-
time PCR were performed using Power SYBR® Green on
an Applied Biosystems 7500 Instrument (Applied Biosys-
tems, USA). Each reaction was performed in duplicate. PCR
cycling conditions involved initial denaturation at 95 °C for
12 min, followed by 40 cycles of denaturation at 94 °C for
60 s, annealing at 55 °C for 60 s, and extension at 72 °C
for 90 s; a final extension step was included at 72 °C for
10 min. The AACt method was used to determine the dif-
ference in the mean expression levels of the studied genes,
normalized to the expression of glyceraldehyde 3-phosphate
dehydrogenase (GAPDH). The primers for MAPKS8 were
forward 5'-gccagtcaggcgagagattt-3' and reverse 5'-ggacg-
catctatcaccagca-3'. The primers for MAPK9 were forward
5'-gtgacagtaaaagcgatggec-3' and reverse 5'-ttgagtctgccactt-
gcacac 3'. The primers for MAPK14 were 5'-gacctactgga-
gaagatgctcgtt-3' and reverse 5'-tttcaaaggactggtcataagggt-3'.
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The primers for iNOS were 5'-gttcctcaggcettgggtett-3' and
reverse 5'-tgggggaacacagtaatggc-3'. The primers for IL-1f
were 5'-gacttcaccatggaacccgt-3' and reverse 5'-ggagactgce-
ccattctcgac-3'.The primers for TNF-a were 5'-agaactcagc-
gaggacaccaa-3' and reverse 5'-gcttggtggtttgctacgac-3'. The
primers for GAPDH were 5'-gcatcttcttgtgcagtgee-3' and
reverse 5'-gatggtgatgggtttcccgt-3'.

Statistical analysis

Data were analyzed by one-way analysis of variance with
Duncan’s multiple post-test. The statistical significance of
all data was set at p < 0.05. All values were expressed as the
mean =+ the standard error of the mean (SEM). The statistical
analyses were performed using the Statistical Package for the
Social Sciences software (SPSS v.20.0).

Results

The polyphenolic and flavonoid compounds’ fingerprint
for the ZSCLE detected at 280 nm is presented in Fig. 1.
The HPLC profile of ZSCLE depicted the presence of
seven peaks with retention times ranging from 3.53 min
to 91.52 min. Based on the UV—Visible spectral data and
their retention time, the ZSCLE have a UV band and Amax
at 280 nm, characteristic for phenolic and flavonoid com-
pounds, such as spinosin, catechin, epicatechin, epigallo-
catechin, gallocatechin, gallic acid, ellagic acid, chlorogenic
acid, caffeic acid, rutin, isoquercitrin, quercetin, apigenin,
syringic acid and kaempferol.

The results illustrated in Fig. 2 show that the mean sur-
vival time in the presence of sepsis (untreated CLP mice)

Sham

ZSCLE (300 mg/kg)

CLP

ZSCLE (100 mg/kg) + CLP
ZSCLE (200 mg/kg) + CLP
ZSCLE (300 mg/kg) + CLP
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Fig. 2 Effects of Ziziphus spina-christi leaf extract (ZSCLE) adminis-
tration on mean survival time in mice with caecal ligation and punc-
ture (CLP)-induced sepsis

was 15 h, while, following pretreatment with ZSCLE (100,
200, or 300mg/kg) s urvival was extended, reaching a maxi-
mum or 35h in mice treated with 300 mg/kg ZSCLE. Thus,
ZSCLE produced a significant increase in survival time, as
compared with the septic mice. No death was observed in
the group of sham-operated mice during the first 48 h.
Administration of ZSCLE alone to the mice did not cause
any adverse effect on the liver and spleen weights or liver
function parameters (Table 1). However, sepsis caused a
significant (p < 0.05) elevation in the spleen weight and
in serum levels of alanine aminotransferase, aspartate ami-
notransferase, alkaline phosphatase, and lactate dehydro-
genase. As compared to the CLP group, ZSCLE (100 and
200 mg/kg) administration significantly (p < 0.05) attenu-
ated the increase in serum levels of liver function enzymes,
although the serum level of aspartate aminotransferase in
mice receiving 100 mg/kg ZSCLE + CLP was not signifi-
cantly different from the level observed in the CLP group.
Mice from the 300 mg/kg ZSCLE + CLP group exhibited
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Fig.1 HPLC profile of Ziziphus spina-christi leaf extract analyzed
at 280 nm. The most abundent polyphenolics and flavonids detected
were spinosin, catechin, epicatechin, epigallocatechin, gallocat-
echin, gallic acid, ellagic acid, chlorogenic acid, caffeic acid, rutin,
isoquercitrin, quercetin, apigenin, syringic acid and kaempferol.
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Briefly, HPLC was carried out with a Phenomenex C-18 column
(4.6 mm X 250 mm, 5 pm), volume injection was 25 pL. Mobile
phase consists of 2.0% acetic acid (solvent A) and acetonitrile (sol-
vent B). The flow rate was set at 0.80 ml/min throughout the elution.
HPLC operation was carried out at ambient temperature
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Table 1 Effects of Ziziphus spina-christi leaf extract (ZSCLE) administration on serum liver enzymes in cecal ligation and puncture (CLP)-

induced sepsis in C57BL/6 mice

Treatment Sham ZSCLE (300 mg/kg) CLP ZSCLE (100 mg/ ZSCLE (200 mg/ ZSCLE

kg) + CLP kg) + CLP (300 mg/

kg) + CLP

Liver weight (g) 0.81 +0.1 0.85 + 0.1 0.89 +0.2 0.90 + 0.1 0.88 +0.2 0.85+0.2
Spleen weight (g) 0.07 + 0.002 0.07 + 0.003 0.10 + 0.007* 0.09 + 0.005* 0.09 + 0.006% 0.08 + 0.004°
ALT (U/L) 784 +5.3 73.6 +4.6 116.4 + 6.7* 91.3 +4.3% 854 +7.1° 812+ 3.8
AST (U/L) 92.1 +6.8 972 +49 153.1 +11.8% 141.6 + 8.9* 124.1 + 10.6® 108.3 + 7.5°
ALP (U/L) 1723 + 8.7 1652 +10.3 2182 + 14.2° 191.2 + 13.6° 181.5 + 14.8° 1743 + 8.6°
LDH (U/L) 261.1 + 124 2583 +15.8 3954 +17.3° 325.1 +20.5% 204.4 + 15.6° 274.8 + 17.4°

Values are mean + SEM (n =7)

ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphatase, LDH lactate dehydrogenase

Significantly different from control (p < 0.05)
bSignificantly different from CLP (p < 0.05)

Sham

CLP

Spleen (400x)

Liver (400x) Spleen (100x)

Fig.3 Ziziphus spina-christi leaf extract (ZSCLE) prevents cecal liga-
tion and puncture (CLP)-induced liver and spleen injury in mice. The
livers and spleens of sham-operated and ZSCLE-treated mice showed
normal histological architecture. CLP-induced sepsis in mice elicited
marked hepatic inflammation, hepatic steatosis, and hepatic portal
tract fibroplasia. Enlargement and fusion of some white pulp within
the spleen. Whereas, CLP mice pretreated with ZSCLE showed
improved hepatic and splenic architecture. Different magnifications
were chosen to show either detailed histopathologic alterations or
normal tissue architecture over a broader area
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much greater protection of liver function parameters and
spleen weight, as compared to the low- and medium-dose
ZSCLE groups.

Histological examination of the liver and spleen showed
that ZSCLE pretreatment minimized CLP-induced liver and
spleen damage (Fig. 3). These investigations showed that
CLP-induced sepsis in mice caused hepatic inflammatory
cellular infiltration, hepatic steatosis, and hepatic fibroplasia
in the portal tract. In the spleen, the white pulp had started
to enlarge and fuse together; this may be due to splenomeg-
aly and an active immune response of spleen macrophages
around the white pulp. Further, in some cells necrotic and
apoptotic bodies appeared in the red pulp areas. However,
these histopathological alterations were ameliorated in a
dose-dependent manner in the CLP mice pretreated with
ZSCLE (supplementary material).

Splenic and hepatic MPO activities and MDA levels were
significantly (p < 0.05) elevated in mice with CLP-induced
sepsis, as compared with the sham mice, and an obvious
depletion in GSH was noted in the CLP untreated group
(Fig. 4). In sepsis-challenged mice treated with ZSCLE,
the splenic and hepatic oxidative markers (MPO and MDA)
were reduced and the non-enzymatic anti-oxidant molecule
(GSH) was significantly (p < 0.05) increased when com-
pared with the CLP untreated mice.

The potential effects of ZSCLE administration on anti-
oxidant enzyme activities in the spleen and liver of sham
and CLP-treated mice are illustrated in Fig. 5. In the spleen
and liver, superoxide dismutase, catalase, and GR activi-
ties were significantly (p < 0.05) suppressed, whereas GPx
activities were significantly (p < 0.05) enhanced in the CLP-
untreated mice, as compared with the sham mice. Adminis-
tration of ZSCLE (300 mg/kg) significantly attenuated these
CLP-induced changes in the anti-oxidant defense system.
ZSCLE (200 mg/kg) pre-administration in CLP-operated
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mice significantly (p < 0.05) reversed the changes induced
in superoxide dismutase, catalase, and GR activities in both
liver and spleen, and in hepatic GPx, when compared with
the CLP-untreated mice. However, ZSCLE (100 mg/kg)
administration failed to reverse these CLP-induced changes
in anti-oxidant enzyme activities, as compared to the sham
mice.

Investigation of NF-kB and iNOS in liver and spleen
tissues identified NF-kB expression in cell nuclei in CLP
mice, while ZSCLE-treated groups showed more cytoplas-
mic localization. Furthermore, as shown in Fig. 6, immuno-
histochemical staining of iNOS showed strong expression
in the liver and spleen tissues of septic mice and moderate
expression in the ZSCLE-treated groups.

To clarify the possible mechanism by which ZSCLE
attenuates inflammation in sepsis, we evaluated NO, IL-1,

GSH level (umol/mg protein)

and TNF-a levels, and iNOS mRNA, expression in response
to CLP-induced sepsis. Levels of NO in liver and spleen
tissues, and the percentage changes (relative to the sham)
of IL-1p and TNF-a, are illustrated in Figs. 7 and 8, respec-
tively. NO production, and IL-1f and TNF-a levels, were
significantly (p < 0.05) increased in the CLP-untreated mice.
ZSCLE (300 mg/kg) pre-administration successfully attenu-
ated the inflammation associated with CLP-induced sepsis
in mice, when compared with the sham group. Conversely,
ZSCLE (100 mg/kg) failed to attenuate this inflammation.
Consistent with the biochemical findings, the quantitative
real-time PCR results showed that the mRNA levels of
iNOS, IL-1p, and TNF-« in the liver and spleen tissues were
up-regulated post-CLP operation in untreated mice; ZSCLE
(300 mg/kg) pre-administration attenuated these expression
changes. ZSCLE (100 mg/kg) did not prevent CLP-induced
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Fig.6 Ziziphus spina-christi leaf extract (ZSCLE) suppressed the
protein expression of nuclear factor-kB (NF-xB) and inducible nitric
oxide synthase (iNOS) in C57BL/6 mice with cecal ligation and
puncture (CLP)-induced sepsis. In mice with CLP-induced sepsis,
NF-kB was strongly localized in the nucleus and iNOS was strongly
expressed in liver and spleen tissues. NF-kB and iNOS expression
were reduced by ZSCLE pretreatment in a dose-dependent manner,
and NF-xB was mainly localized within the cytoplasm (magnification
x400)

up-regulation of iNOS, TNF-a, or IL-1f expression in the
liver and spleen.

To elucidate whether the suppression of inflammatory
mediator production by ZSCLE is mediated through the
mitogen-activated protein kinase pathway, we evaluated the
effect of ZSCLE on CLP-induced expression of MAPKS,
-9, and -14 in the liver and spleen via real-time PCR analy-
sis. As shown in Fig. 9, these MAPKs were significantly
(p < 0.05) upregulated in the CLP-untreated mice, as com-
pared to the sham-untreated mice. Pretreatment with ZSCLE
(300 mg/kg) resulted in a notable attenuation of CLP-medi-
ated up-regulation of these MAPKSs, as compared with the
CLP-untreated mice. In this context, 200 mg/kg ZSCLE
produced a greater effect than 100 mg/kg ZSCLE; how-
ever, both of these doses were less effective than 300 mg/
kg ZSCLE.

Discussion

Sepsis causes progressive MOD and, if it progresses to sep-
tic shock, a significant drop in blood pressure can lead to
death. Treatment with antibiotics alone is not adequate to
increase survival rates in septic patients. Anti-oxidants may
have the potential to improve the treatment of septic patients
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Fig. 7 Effects of Ziziphus spina-christi leaf extract (ZSCLE) admin-
istration on nitric oxide (NO) levels and inducible nitric oxide syn-
thase (iNOS) mRNA expression in C57BL/6 mice with cecal ligation
and puncture (CLP)-induced sepsis. The NO data are expressed as
the mean + SEM (n = 7). The mRNA levels (mean + SEM of three
assays) were normalized to the level of glyceraldehyde 3-phosphate
dehydrogenase mRNA and are shown as the fold induction (in log2
scale) relative to the level observed in controls. *Significantly dif-
ferent from sham (p < 0.05); Psignificantly different from CLP
(» <0.05)

(Alici et al. 2015). In the current study, we investigated the
potential role of ZSCLE on sepsis in a mouse model. Our
findings showed that ZSCLE markedly prevented the liver
and spleen injuries, decreased proinflammatory mediators
and cytokines, mitigated oxidative stress and boosted the
anti-oxidant defense system.

ZSC is a natural product with potent anti-inflammatory,
antimicrobial, anti-oxidant, and hepatoprotective properties
(Guizani et al. 2013). In the current study, HPLC analy-
sis revealed the presence of many phenolic and flavonoids
compounds. Those active compounds have many biological
activities: for example, spinosin has neuroprotective activ-
ity via the anti-inflammatory effects (Ko et al. 2015), cat-
echin, epicatechin, epigallocatechin and gallocatechin have
strong anti-inflammatory and hepatoprotective effects (Al-
Olayan et al. 2014), chlorogenic acid can mitigate oxidative
and inflammatory stresses (Liang and Kitts 2015), syringic
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Fig. 8 Effects of Ziziphus spina-
christi leaf extract (ZSCLE)

administration on inflammatory 250+
marker levels in C57BL/6 mice

. . 2004
with cecal ligation and puncture a
(CLP)-induced sepsis. The 150
data for interleukin-1p (IL-1p) 100

and tumor necrosis factor-o
(TNF-a) levels are expressed as
the mean + SEM (n = 7). The
mRNA levels (mean + SEM of
three assays) were normalized

200+

to the level of glyceraldehyde
3-phosphate dehydrogenase
mRNA and are shown as the
fold induction (in log2 scale)
relative to the mRNA level
observed in controls. *Sig-
nificantly different from sham
(p < 0.05); bsignificantly differ-
ent from CLP (p < 0.05)
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Fig.9 Effects of Ziziphus spina-
christi leaf extract (ZSCLE)
administration on mitogen-acti-
vated protein kinases (MAPK)
in C57BL/6 mice with cecal
ligation and puncture (CLP)-
induced sepsis. The mRNA
levels (mean = SEM of three
assays) were normalized to the
level of glyceraldehyde 3-phos-
phate dehydrogenase mRNA
and are shown as the fold
induction (in log2 scale) relative Q’ls’ Q’lg'
to the mRNA level observed in \tsv' @7'
controls. *Significantly different

from sham (p < 0.05); Psig- S S
nificantly different from CLP
(» <0.05)

Liver

Fold change (log2) in mRNA

@D CLP

acid is a potential anti-oxidant (Thipparaboina et al. 2016)
and quercetin, apigenin, and kaempferol are potent anti-
oxidants (Al-Olayan et al. 2014). Recently, molecular dock-
ing calculations indicated that some compounds isolated
from ZSC interacted with the NF-kB pathway proteins with
similar binding energies and docking positions to the known
inhibitor, MG-132 (Kadioglu et al. 2016). Furthermore,
the anti-oxidant and anti-inflammatory properties of ZSC
were demonstrated in an animal model of liver fibrosis with
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severe carbon tetrachloride-induced inflammation (Amin
and Mahmoud-Ghoneim 2009). In this study, we found that
ZSCLE produced marked protection against sepsis, as evi-
denced by an attenuation of liver and spleen damage in mice
with CLP-induced sepsis, and an increase in their survival.
This protective effect of ZSCLE was mediated by its anti-
inflammatory activities on NF-kB and MAPKs.

Oxidative stress activates molecular pathways that drive
inflammation, and can directly cause tissue injury. This type
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of tissue injury is believed to be one of the most important
mechanisms underlying the development of MOD in septic
shock (Zolali et al. 2015). In addition, altered serum liver
function parameters and splenomegaly reflected the patho-
logical changes within the liver and spleen. These patho-
logical changes were significantly attenuated by ZSCLE
pretreatment. This multi-organ protective effect of ZSCLE,
facilitated by its anti-inflammatory activity, resulted in
improved survival.

CLP-induced sepsis is associated with a marked failure of
neutrophil recruitment to the infection site and the migration
of activated neutrophils to secondary organs, which con-
tribute to MOD (Wang et al. 2016). Hence, we measured
the activity of MPO as an important marker of neutrophil
migration and aggregation. MPO activities in hepatic and
splenic tissues were enhanced in mice with CLP-induced
sepsis. MPO stimulates the formation of hypochlorous acid,
which is a potent oxidant implicated in bacterial elimination
and tissue destruction via necrosis and apoptosis (Kothari
et al. 2011). Pretreatment with ZSCLE reduced the level
of MPO activity, reflecting the suppression of neutrophil
infiltration. Furthermore, the histopathological findings
demonstrated that ZSCLE prevented injury to the hepatic
and splenic tissues.

In sepsis, TNF-a is the central mediator that regulates
subsequent events. Its level is generally elevated in this
condition, and this correlates with increased mortality in
patients with sepsis. TNF-a activates specific transmem-
brane TNF receptors, leading to immune cell activation
and the release of an array of down-stream inflammatory
mediators, which cause oxidative DNA damage. IL-1 is
mainly released by stimulated macrophages in timely and
functional manners similar to TNF-a. IL-1 acts through two
distinct membrane receptors (Schulte et al. 2013). In our
study, up-regulation of the production of these cytokines
during CLP-induced sepsis in liver and spleen was associ-
ated with tissue damage. Pretreatment of mice with ZSCLE
was able to prevent these elevations of TNF-a and IL-1p
levels in the liver and spleen. Moreover, ZSCLE attenuated
the CLP-induced increases in hepatic and splenic TNF-a
and IL-1p mRNA expression in these mice. We also suggest
that the mechanism underlying these effects may involve
an inhibition of inflammatory cells activation by the poly-
phenols and flavonoids present in ZSCLE, thus inhibiting
TNF-a and IL-1f synthesis by preventing the translocation
of NF-kB from the cytoplasm into the nucleus. Recently,
Kadioglu et al. (2016) demonstrated that ZSC phytochemi-
cals strongly bound to proteins involved in regulating NF-xB
(inhibitor of NF-xB kinase and NF-xB essential modulator);
these proteins regulate the nuclear translocation and DNA
binding of NF-kB. NF-«B plays a central role in signaling
and the inflammatory response reaction, and overexpression
of nuclear NF-kB is associated with poor clinical outcomes

in septic patients (Abraham 2003). Collectively, our find-
ings indicated that the protective effects of ZSCLE on the
sepsis-induced liver and spleen injuries might be partially
due to an inhibition of NF-xB activity and suppression of
pro-inflammatory cytokine production.

MAPKSs are key signaling molecules that mediate inflam-
matory responses by regulating and forwarding extracellular
stress signals and coordinate important cellular responses,
including secretion of cytokines and inflammation-related
factors, cell migration, and apoptosis (Asaduzzaman et al.
2008). Previous reports have indicated that phosphoryla-
tion of MAPKSs regulated macrophage and T cell responses
to traumatic damage. Furthermore, MAPK stimulation by
phosphorylation participates in sepsis-induced organ failure
(Kim et al. 2016; Yang et al. 2008). MAPKS is also called
c-Jun N-terminal kinase 1 (JNK1). The stimulation of this
protein by TNF-a participates in TNF-a-induced apopto-
sis, which is thought to be related to the cell death pathway
mediated by cytochrome c released from the mitochondria.
MAPKO is very close to MAPKS, but this protein blocks the
ubiquitination of tumor suppressor p53 and increases the sta-
bility of p53 in non-stressed cells, while MAPK14 is known
as p38-a and plays an important role in cytokines production
by activated microphages. In this study, the mRNA levels
of MAPKS, -9, and -14 increased significantly after CLP,
while ZSCLE pretreatment attenuated these increases and
abolished the accumulation of inflammatory leukocytes in
the hepatic and splenic tissues of septic mice. These find-
ings indicate that ZSCLE polyphenols and flavonoids atten-
uated inflammatory response by down-regulating MAPKSs
expression.

Within the biochemical results obtained in the current
study of sepsis, we found NO overproduction in liver and
spleen tissues. NO is capable of reacting with O3 to produce
peroxynitrite (Prauchner 2017), a more powerful oxidizing
molecule that is capable of inhibiting anti-oxidant enzymes
and oxidative phosphorylation, which results in diminished
synthesis of ATP. Together, these effects result in the over-
production of ROS, particularly O, which sensitizes the cell
to hypoxia-induced apoptosis (Brown and Borutaite 2007).
NO overproduction in CLP-induced sepsis seemed to result
from the over-expression of iNOS (Fig. 7). In sepsis, oxida-
tive stress and ROS activate NF-xB, which increases iNOS
expression (Morgan and Liu 2011; Prauchner 2017). Con-
sistent with our observations, Escames et al. (2007) reported
that genetic deletion of iNOS in mice restored ATP produc-
tion and improved survival. In the present study, NO levels
and iNOS expression were higher in the CLP group than in
the sham mice, and treatment with ZSCLE was able to sig-
nificantly decrease the NO levels, iNOS protein and mRNA
expression in septic mice. These observations indicate that
ZSCLE suppresses NO production by down-regulating
iNOS expression.
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Lipid and protein oxidation, and the overwhelming pro-
duction of ROS, have been well reported during sepsis;
many studies have documented that oxidative stress and
MOD were correlated with pathogenesis and mortality in
sepsis (Prauchner 2017; Zhong et al. 2016). Oxidative stress
markers were reported to be higher in patients with sepsis
than in healthy subjects (Jang et al. 2017). In the current
study, we observed increased lipid peroxidation, with GSH
depletion and inhibition of anti-oxidant enzyme activities.
Lipid oxidation damages cell membranes and leads to a loss
of plasma membrane integrity, thereby causing cell death.
GSH is a major non-enzymatic anti-oxidant molecule that
neutralizes ROS and is found both intracellularly and extra-
cellularly within living organisms (Abdel Moneim 2016). In
addition, superoxide dismutase plays a major role in scav-
enging O3, which can react equivalently with NO and ROS
as an anti-oxidant. Catalase degrades H,0, into H,0O and O,
and thus reduces the level of ROS. GPx is known to catalyze
lipid hydroperoxide to the corresponding alcohol, and H,0,
to H,O in the presence of GSH, which contribute to protect-
ing the organism from oxidative damage (Zhong et al. 2016).
In CLP-treated mice, our results clearly demonstrated that
the level of lipid peroxidation was successfully restricted
and the content of GSH and the anti-oxidant enzyme activi-
ties were significantly increased in a dose-dependent man-
ner, indicating that ZSCLE produced an anti-oxidant effect
and thus reduced oxidative damage. In accordance with our
findings, Mubaraki et al. (2017) found that ZSC extract treat-
ment markedly reinstated the levels of oxidative markers
and enhanced anti-oxidant enzyme activities in mice with
cerebral malaria. Amin and Mahmoud-Ghoneim (2009)
demonstrated that ZSC effectively protected against carbon
tetrachloride-induced liver damage by restoring the normal
levels of lipid peroxidation and retaining the activities of
endogenous anti-oxidants.

Hence, our study provides evidence for the anti-oxidant
and anti-inflammatory effects of ZSCLE in CLP-induced
sepsis. The present findings indicate that this protection
could be attributed to: (1) ZSCLE-induced inhibition of
MAPK-mediated inflammatory responses, thus attenuat-
ing liver and spleen injury; (2) ZSCLE-mediated preven-
tion of NF-xB translocation to the nucleus, thus blocking
the NF-kB-dependent pathway; and (3) ZSCLE-mediated
quenching of free radicals and maintenance or improve-
ment of endogenous anti-oxidant defense systems. However,
further rigorous research should be conducted in future to
determine which of the many components of the ZSCLE are
responsible for its effects on sepsis.
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