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A B S T R A C T   

Ecballium elaterium (EE), widely used plant in Mediterranean medicine, showed anticancer activity. This study 
aimed to investigate EE effects on liver fibrosis in an animal model of thioacetamide (TAA). Intraperitoneal 
administration of TAA was performed twice weekly for four weeks in C57BL6J mice. Livers were extracted and 
serum were evaluated for inflammatory markers (H&E staining, ALT, AST, ALP), pro-inflammatory cytokines, 
fibrosis (Sirius red staining, Masson’s trichrome, α-smooth muscle actin and collagen III), and metabolic 
(cholesterol, triglyceride, C-peptide, and fasting-blood-sugar) profiles. Glutathione, glutathione peroxidase, and 
catalase liver antioxidant markers were assessed. Tissue-resident NK cells from mice livers were functionally 
assessed for activating receptors and cytotoxicity. Compared to vehicle-treated mice, the TAA-induced liver 
injury showed attenuation in the histopathology outcome following EE treatment. In addition, EE-treated mice 
resulted in decreased serum levels of ALT, AST, and ALP, associated with a decrease in IL-20, TGF-β, IL-17, IL-22 
and MCP-1 concentrations. Moreover, EE-treated mice exhibited improved lipid profile of cholesterol, tri-
glycerides, C-peptide, and FBS. EE treatment maintained GSH, GPX, and CAT liver antioxidant activity and led to 
elevated counts of tissue-resident NK (trNK) cells in the TAA-mice. Consequently, trNK demonstrated an increase 
in CD107a and IFN-γ with improved potentials to kill activated hepatic-stellate cells in an in vitro assay. EE 
exhibited antifibrotic and antioxidative effects, increased the number of trNK cells, and improved metabolic 
outcomes. This plant extract could be a targeted therapy for patients with advanced liver injury.   

1. Introduction 

Liver fibrosis is the abnormal accumulation of the liver’s paren-
chymal cells replaced by fibrous connective tissue. Advanced liver 
fibrosis can progress to cirrhosis and hepatocellular cancer [1,2]. 
Several etiologies, including excessive alcohol consumption, drugs, 
environmental pollutants, chemical toxins, viral infections, and immu-
nological damage, produce liver injury [3]. Liver fibrosis is character-
ized by the accumulation of collagen and extracellular matrix, leading to 
distortion of the normal liver architecture, hepatocellular carcinoma, 
and eventually liver failure, all associated with high morbidity and 
mortality. Currently, therapies for liver fibrosis are aimed at either 
managing the primary disease or treating it by consistently lowering 

inflammation, preventing oxidative stress, and increasing collagen 
breakdown [4–7]. However, no effective anti-liver fibrosis medication 
devoid of apparent adverse effects has been developed. In recent years, 
several medicinal plants have demonstrated significant benefits in 
treating many forms of liver illnesses, providing an important source for 
developing anti-liver fibrosis medications owing to their broad bioac-
tivity and low toxicity. Inflammatory factors and reactive oxygen species 
have been shown in several studies to play essential roles in the devel-
opment of liver fibrosis [8]. Therefore, if herbal medicine can enhance 
the antioxidant defense system, they may produce protective and ther-
apeutic effects against liver fibrosis. Ecballium elaterium (EE), which 
belongs to the family Cucurbitaceae, has been used traditionally in 
herbal medicine to treat fever, sinusitis, hypertension, rheumatic 
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disease, liver cirrhosis, and cancer [9,10]. Many studies have shown EE 
possesses antioxidant and anti-inflammatory properties [11]. In the 
current study we investigated antifibrotic, antioxidant, metabolic, and 
immune effects of EE in an animal mice model of liver fibrosis estab-
lished through thioacetamide (TAA) inductions. Moreover, we aimed to 
evaluate EE as a natural medication for possible mechanism in modu-
lating disease progression. 

2. Materials and methods 

2.1. Drugs and chemicals 

Thioacetamide (TAA, Sigma Aldrich, CAT# 172502), Sirius red F3B 
in saturated picric acid stain (Abcam, ab150681), H&E Staining Kit 
(Hematoxylin and Eosin) (Abcam, ab245880), Trichrome Stain Kit 
(Connective Tissue Stain) (Abcam, ab150686), TaqMan Fast Advanced 
Master Mix (Applied Biosystem; Cat# 4371130), Reduced glutathione 
(GSH) assay kit (Fluorometric, ab235670), Glutathione peroxidase assay 
kit (Cayman Chemicals, #703102), Catalase activity assay kit (Fluoro-
metric, ab83464). EZ-PCR test kit (Biological Industries, 20-700-20). 
Ethanol (CAS 64-17-5, 100983 - Merck Millipore). 

2.2. Animal model 

Twelve weeks old male C57BL6/J mice received care according to 
the Hebrew University ethical regulations and NIH guidelines. The 
institutional animal care ethical committee approved all animal pro-
tocols (MD-16-14574-3). Mice, housed in a barrier facility, were intra-
peritoneally (i.p.) injected with thioacetamide (TAA, 200 mg/kg body 
weight) or PBS twice a week for four weeks. 100 mg/kg EE was injected 
intraperitoneally (i.p.) twice a week, starting at week 2 following TAA 
injections. All experiments were performed during the day. Each group 
included ten mice. Following 2 days of the last TAA injections, on the 
day they were sacrificed, mice were weighed and anesthetized intra-
muscularly with 0.1 ml of ketamine (20 mg/kg): xylazine (2 mg/kg): 
acepromazine (0.5 mg/kg) prior to cervical dislocation [12]. 

2.3. Preparation of the plant extract 

Since July 2021, the EE’s fresh mature fruits have been collected on 
uncultivated land in the Tulkarem governorate of Palestine (Latitude: 
32◦18′42′N; Longitude: 35◦01′38′E). Dr. Nidal Jaradat, an expert in 
medicinal botanicals, recognized the EE plant in the Herbal Products 
Laboratory at An-Najah National University, and the sample was 
deposited under the voucher specimen of Pharm-PCT-870. This pro-
cedure was also in line with the WHO’s Guidelines for the Evaluation of 
Herbal Medicines and Law Enforcement. 

The collected EE mature fruits were washed with sterile water, 
ground, and compressed using a mechanical Juicer Extractor (Aicok 
Juicer, China). Plant juice was sterilized utilizing a Millipore Sigma 
membrane filtration device (Germany). The produced liquid was dried 
using a laboratory vacuum freeze dryer (TEFIC, TF-10C, Shaanxi, China) 
and kept in air-tight brown jars at 4ºC until use. 

2.4. Histological assessment 

The posterior third of the lung and liver tissues were fixed in 4% 
formalin for 24 h and then paraffin-embedded in an automated tissue 
processor. Section (7 mm) were stained with H&E for evaluating stea-
tosis, necro-inflammatory regions, and apoptotic bodies and with 0.1% 
Sirius red F3B in saturated picric acid stain and Masson Trichrome Stain 
(MTC) to visualize connective tissue. A veterinary pathologist assessed 

all histopathological findings based on published parameters [13–15]. 

2.5. Liver and serum metabolic profile assessments 

Mice whole blood samples were collected at the sacrificing day and 
centrifuged at 3500 rpm for 20 min at 4 ◦C. Serum ALT, AST, and ALP 
concentrations were determined. Blood sugar, cholesterol, triglycerides, 
and C-peptide were assessed following fasting for sixteen hours. All tests 
were performed at the Central lab of Hadassad Hospital, Jerusalem. 

2.6. RNA isolation, cDNA preparation, and real-time PCR 

Total cellular RNA was isolated from lung and liver tissue as previ-
ously described [16]. Real-time PCR was performed with TaqMan Fast 
Advanced Master Mix to quantify αSMA and collagen III. Gene expres-
sion was normalized to the expression of the housekeeping GAPDH gene. 

2.7. Liver antioxidant activity assays 

The homogenized liver tissue was centrifuged at 9000g for 15 min. 
The separated supernatant was used for oxidative stress assessment. 
Glutathione (GSH) content in liver tissue was measured with the 
reduced glutathione (GSH) assay kit. Glutathione peroxidase (GPX) and 
catalase (CAT) were measured to determine antioxidant defense enzyme 
activities. Glutathione peroxidase activity (GP×1) was determined using 
the glutathione peroxidase assay kit. The catalase activity assay kit was 
used according to the manufacturer’s instructions. 

2.8. Liver tissue-resident NK (trNK) cells isolation 

Livers were removed and transferred to Petri dishes containing 10 ml 
DMEM medium (Biological industries; Cat# 01-055-1A). The liver tissue 
was thoroughly dispersed with a stainless steel mesh, and the cells were 
harvested with the medium and transferred to 50 ml tubes containing 
10 ml DMEM. The cells were then carefully transferred to new tubes 
containing Ficoll (Abcam; Cat# AB18115269) and centrifuged for 20 
min, at 1600 rpm at 20 ◦C. The supernatant of each tube was transferred 
to a new tube and centrifuged for 10 min at 1600 rpm at 4 ◦C. After the 
second centrifugation, the pellet in each tube was suspended in 1 ml of 
DMEM for NK cell isolation and purification (StemCells kit; Cat# 
19665). 

2.9. Primary HSCs isolation and co-culture with liver trNK cells 

Primary HSCs (pHSCs) were isolated from 12-weeks-old male 
C57BL6/J mice by in situ pronase/ collagenase perfusion and a single- 
step Histogenz gradient. pHSCs (106 cells), were cultured in DMEM 
supplemented with 10% fetal calf serum, 100 units/ml penicillin and 
100 mg/ml streptomycin. Cells were grown under 5% CO2 at 37 ◦C and 
confirmed negative for mycoplasma contamination with an EZ-PCR test 
kit. For the co-culture experiments, pHSCs cells were cultured with trNK 
cells (106 cells) obtained from the TAA mice model treated with or 
without EE. All cells were incubated for 48 h. 

2.10. Flow cytometry 

Harvested mice liver trNK cells were adjusted to 106/ml in buffer 
saline containing 1% bovine albumin (Biological Industries; Cat# 02- 
023-5A) and were stained with the following antibodies: Anti-mouse 
NK1.1 (murine NK cell marker) (Biogems; Cat# 83712-70), anti 
CD49a (MACS; Lot# 5150716246), anti CD49b (MACS; Lot# 
5150716256), anti-IFN-γ and anti-mouse lysosomal-associated 
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membrane protein-1 (CD107a; NK1.1 cells cytotoxicity marker, eBio-
science, Cat# 48-1071). All antibodies were incubated for 40 min at 
4 ◦C. pHSCs (106 cells/ml) were stained with rabbit anti-mice αSMA 
(R&D; IC1420P). The cells were washed with 0.5 ml staining buffer and 
fixed with 20 ml 2% paraformaldehyde. All stained cells were analyzed 
with a flow cytometer (BD LSR Fortessa™, Becton Dickinson, Immu-
nofluorometry systems, Mountain View, CA). 

2.11. Immunofluorescence staining 

For deparaffinization, paraffin-embedded sections were placed in a 
60 ◦C bath for 15 min, incubated in xylene at room temperature for 15 
min, and then transferred sequentially to 100%, 95%, 70%, and 50% 
EtOH for 4 min each at room temperature. Sections were rinsed in 
deionized water and stored in PBS. For antigen retrieval and anti-αSMA 
detection, we used a buffer (10 mM citrate, pH 6.2, 2 mM EDTA, and 
0.05% Tween 20). pHSCs cell samples were treated with 100 µL of 
KASBLOCK liquid blocker to minimize the volume of antibody solution 
needed for staining. Samples were incubated overnight at 4 ◦C with 
rabbit anti-human /mouse/rat αSMA (diluted 1:170, IQ Products, Gro-
ningen, Netherlands). Samples were washed with PBS, secondary anti-
bodies conjugated with Cy-2 were then applied for one hour at room 
temperature, and image capture was performed. Samples were viewed 
and imaged with a Zeiss LSM 710 confocal laser scanning system (Zeiss, 
Germany) attached to a Zeiss Axiovert 135 M microscope, equipped with 
a Plan-Apochromat Zeiss 63X lens. An argon laser (488 nm excitation) 
was used to detect green fluorescence. 

2.12. Statistical analysis 

Statistical significance was determined by two-tailed unpaired Stu-
dent’s t-test (for comparison between two groups) and chi-square or one- 
way analysis of variance (one-way ANOVA with Newman-Keuls post- 
tests) for multiple groups with GraphPad Prism 5.0 (GraphPad Software, 
La Jolla, CA). In vitro experiments were repeated three times, with four 
sample replicates each. Data are represented as mean±SEM. 

3. Results 

3.1. Characterization of inflammatory and fibrotic profiles in TAA mice 
treated with Ecballium elaterium (EE) 

Livers were assessed for liver injury and phenotypic alterations in the 
TAA mice following treatments with EE. Representative H&E, Sirius 
Red, and Masson’s trichrome staining of liver sections are presented in  
Fig. 1A. H&E staining of TAA livers showed swelled centrilobular he-
patocytes and large necrotic areas of high infiltrating inflammatory cells 
with steatosis. EE-trated mice showed a delay in the histological find-
ings, with a significant reduction in micro-and macrovascular steatosis. 
Sirius red staining of livers from the TAA mice demonstrated increased 
collagen deposition in perisinusoidal areas; whereas treatment with EE 
resulted in a remarkable reduction in the dense fibrous tissue of the 
stained area. Moreover, livers following EE treatments showed minimal 
accumulation of thick fibrotic tissue in the TAA mice using MTC staining 
compared to the vehicle-treated mice. Fig. 1D summarizes a detailed 
histology scoring system for H&E and fibrosis assessments [12–15]. 
Biochemical markers were also assessed in our mice groups. Serum in-
flammatory profiles of ALT (Fig. 1E), AST (Fig. 1F), and ALP (Fig. 1G) 

Fig. 1. The inflammatory and fibrotic profile. Liver fibrosis was induced in C57/BL mice for 4 weeks and was compared to naive counterparts (10 mice per group; 
each experiment was repeated three times). EE was injected i.p. for 2 weeks, starting at week 2 of TAA, as described in the Materials and Methods section. 
Representative sections of immunohistochemical liver staining of (A) H&E, (B) Sirius red, and (C) Masson’s trichrome (original magnification 10x). (D) Quantifi-
cation of liver histology assessments are summarized and represented as average ± SEM (10 mice per group). Liver injury markers of serum are (E) ALT, (F) AST, (G) 
ALP. Liver fibrosis mRNA markers of (H) αSMA and (I) collagen III were assessed. Each experiment was repeated three times. 
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showed a significant amelioration of 1.32-fold, 1.57-fold, and 1.6-fold, 
respectively (P < 0.05), following treatment with EE in the TAA mice. 
Fibrosis marker quantitation was made for the TAA induced mice to 
confirm liver fibrosis though assessing liver αSMA and collagen III (Col 
III) by RT-PCR. Data showed a significant increase in αSMA and Col III 
(4.8-fold and 5.2-fold, respectively; p = 0.002) compared to mice 
receiving the vehicle (Figs. 1H and 1I). Liver fibrosis mice receiving EE 
treatments demonstrated significant reductions in αSMA and Col III by 
2.2-fold and 2.1-fold, respectively (P < 0.03). Comparable results were 
achieved between the RT-PCR and histology assessemts and clearly 
indicate (1) amelioration of liver fibrosis and (2) improved liver his-
tology of inflammation and fibrosis in liver sections following treat-
ments with EE. 

3.2. Metabolic and oxidative stress assessments in the TAA-induced liver 
damage mice model 

TAA potentiates high cholesterol and high-fat diet-induced steato-
hepatitis changes in the livers of C57BL/6J mice [17]. Moreover, TAA 
showed an increased hepatic lipid profile of cholesterol, fatty acids, and 
triglycerides in chronic and acute treatment in rats [18]. Therefore, we 
adopted this model to characterize metabolic outcome markers of lipid 
and glucose profiles following treatments with EE. Our mice model 
showed metabolic profile perturbation in the TAA-induced animals.  
Fig. 2 displays an increase in serum levels of cholesterol (Fig. 2A), tri-
glyceride (Fig. 2B), C-peptide (insulin) (Fig. 2C), and FBS (Fig. 2D) in the 

TAA mice. These mice treated with EE maintained low serum levels of 
cholesterol, triglycerides, and C-peptide compared to naïve groups 
receiving the vehicle while showed a reduction in their FBS (Fig. 2D). 
Altogether, the above data indicate that EE has an antifibrotic effect, 
most probable due to their effects in ameliorating lipid and glucose 
profiles, both of which are risk factors contributing to fibrogenesis. 
Thus, our results indicate EE as a potential target for delaying and 
inhibiting liver fibrosis through improving insulin sensitivity. To further 
explore the mechanism behind the antifibrotic effects of EE, their anti-
oxidant properties were evaluated. TAA itself is not hepatotoxic, and its 
active metabolites covalently bind to proteins and lipids, causing 
oxidative stress leading to central lobular necrosis of the liver [19].  
Fig. 3 shows assessments of liver antioxidant enzymes of reduced 
glutathione (GSH), glutathione peroxidase (GPX), and catalase. Liver 
fibrosis mice of TAA-induced and treated with EE exhibited a significant 
increase of 1.4-fold, 2-fold, and 1.31-fold of GSH (Fig. 3A), GPX 
(Fig. 3B), and CAT (Fig. 3C), respectively. Our generated data were 
consistent with another report [20] showing that the progress of a liver 
injury is closely related to the downregulation of antioxidant enzymes in 
the liver. In our study, EE enhanced the activity of these enzymes and the 
liver function, counteracting hepatotoxicity. 

3.3. Ecballium elaterium (EE) has an anti-inflammatory effect due to the 
reduction of inflammatory cytokines 

A panel of inflammatory cytokines representing various 

Fig. 1. (continued). 
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inflammatory pathways were assessed. Cytokines are significant medi-
ators in the pathophysiology of liver fibrosis [21]. Thus, we measured 
serum cytokines to investigate the possible mechanisms by which EE 
could exhibit hepatoprotective effects. Fig. 4 shows the TAA mice 
treated with EE resulted in suppressive effects on IL-20 (Fig. 4A), TGFβ 
(Fig. 4B), IL-17 (Fig. 4C), IL-22 (Fig. 4D) and MCP-1(Fig. 4E) while 
increased the levels of the anti-inflammatory cytokine IL-15 (Fig. 4F; 
p = 0.03). The results are further supported by other studies showing 
that EE might play a protective role in sepsis prevention and treatment 
by decreasing IL-6 production and reducing liver damage and may in-
fluence bacterial translocation by reinforcing intestinal barrier function 
[22]. Moreover, our data suggest that effects of EE in improving liver 
injury profile and modulating cytokines concentrations could highlight 
the involvement of immune cells as a crucial element in liver 
fibrogenesis. 

3.4. EE treated TAA-mice showed liver recruitment of trNK cells and 
restored their activity 

The immune system plays a central role in tissue healing. Therefore, 
control of the immune system is critical in planning the healing process 
[23]. Larouche et al. [24] showed increased neutrophil leukocyte 
numbers and decreased fibrosis in the skin following EE extract treat-
ment. However, these studies did not describe the mechanism behind 

the hepatoprotective effect. We evaluated the isolated liver 
tissue-resident NK cells (trNK) extracted from our mice groups. NK cells 
showed ro exert an antifibrotic effect by killing activated HSCs [25].  
Fig. 5A shows an elevated trNK percentages in the TAA-induced mice 
following treatments with EE extracts (5-fold; p = 0.001). Moreover, 
trNK intracellular expressions of CD107a (Fig. 5B) and INF-γ (Fig. 5C) 
showed an 6 and 13.5 fold increase following the EE treatments as 
compared to controls, respectively (p < 0.01). To further associate trNK 
stimulatory effects with their cytotoxicity potentials, we co-incubated 
isolated trNK cells with activated liver primary HSCs [26] obtained 
from TAA-induced mice. Fig. 5D shows a significant reduction of 16-fold 
in αSMA intensities in primary HSCs following their co-culture with 
EE-treated trNK obtained from the TAA-induced mice as compared to 
mice receiving the vehicle (p = 0.0001). The above results were 
confirmed by confocal microscopy, showing reduced αSMA immuno-
fluorescence by activated primary HSCs (Fig. 5E. Our results undoubt-
edly indicate the impact of EE as a potential therapy as they exhibit 
antifibrotic and antioxidative effects by reducing αSMA and reactive 
oxygen species (ROS) by activated HSCs, respectively and could be of 
beneficial influence for patients with advanced liver injury. 

4. Discussion 

The current study evaluated the potential ameliorating effect of EE 

Fig. 2. EE improved the perturbed metabolic profile in TAA-induced animals. Metabolic markers of lipid and glucose profile of serum levels of (A) cholesterol, CHOL, 
(B) triglyceride, TRG, (C) C-peptide, and (D) fasting blood sugar (FBS) were assessed following sixteen hours of fasting. Each measurement was repeated three times 
and data represented as mean ± SEM. 
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on hepatic histopathological, immunological, and biochemical alter-
ations in the TAA-mice model. EE is a Mediterranean plant used in 
traditional medicine. Its fruits and fruit juice are mainly administered 
for several therapeutic uses, although they can be toxic at high doses 
[27]. Some studies have described its cytotoxic effects against cancer 
cells and its neuroprotective and hepatoprotective roles [22,28,29]. Our 
current study used a liver injury mice model established by treating mice 
with TAA. This model features a metabolic profile of excessive fatty acid 
oxidation, insufficient glutathione regeneration, and disturbed gut flora. 
Further characteristics include an inhibited urea cycle, DNA damage, a 
perturbed Kreb cycle, and branched-chain amino acid oxidation in the 
bile duct ligation [30]. In terms of clinical features, TAA-induced hepatic 
inflammation, fibrosis, and liver damage in mice are very close to 
chronic human liver disease [31]. After TAA exposure, liver injury is 
propagated due to hepatocyte membrane damage, which causes leakage 
of transaminase enzymes into the circulation [32]. The liver toxicity 
results from TAA bioactivation led by a mixed-function oxidase system, 
including the cytochrome P2E1 and flavin adenine dinucleotide mono-
oxygenases [33]. Furthermore, the activation of TAA causes the for-
mation of reactive metabolites such as thioacetamide-S-oxide radicals 

and (ROS) intermediates [34]. 
There is scant data on the hepatoprotective effect of EE. Agil et al. 

[35] focused on the hepatoprotective effect of EE and cucurbitacin B 
isolated from the juice. Their study employed a model of CCl4-induced 
hepatotoxicity and showed prophylactic and therapeutic administration 
of these substances [28]. In addition, Uslu et al. showed that EE exerted 
an anti-inflammatory effect by inhibiting nitric oxide synthase [36]. The 
overproduction of hepatic ROS was predominantly accelerated in in-
flammatory liver injuries, affecting the hepatic structure and leading to 
severe hepatocellular dysfunction with a poor prognosis [37,38]. 

Our present study found a significant antioxidant effect of EE in the 
TAA-induced mice model (Fig. 3). Therefore, EE treatment could be a 
potential antifibrotic strategy targeting HSCs activation by lowering the 
impact of free radicals, known as a feature of chronic liver disease. 
Oxidative stress plays a role in HSCs activation [39], and ROS produced 
by damaged hepatocytes provide paracrine activation signals to HSCs 
[40]. Moreover, ROS and lipid peroxidation products also stimulate the 
synthesis of extracellular matrix (ECM) by activated HSCs [41]. Elayan 
et al. [42] showed that the administration of EE juice to rats decreased 
bilirubin levels, without identifying the mechanism. The modification of 
the bilirubin levels in the plasma may arise from the effect of the juice on 
the liver function, particularly the glucurono conjugation, or by modi-
fying the bilirubin binding to albumin in plasma [43]. Here, we report 
additional effects of EE on the metabolic profile associated with 
advanced liver fibrosis. Lipids and glucose are major risks in the path-
ogenesis of liver injury and are associated with morbidity due to dia-
betes and atherosclerosis. Free cholesterol activates HSCs, and the 
addition of cholesterol to a high-fat or methionine/choline-deficient diet 
leads to the accumulation of free cholesterol in HSCs, which accelerates 
experimental liver fibrosis [44]. High hepatocyte lipid droplet accu-
mulation in the livers propagates liver injury and causes a storm of 
pro-inflammatory cytokines that can lead to steatosis and hepatocyte 
injury [45]. Fig. 2 displays alleviation in metabolic markers of choles-
terol, triglycerides, C-peptide, and fasting blood sugar following EE 
treatment. The data may indicate improved liver histology; thus, mini-
mizing the progression of liver fibrosis could be partly achieved by 
targeting the metabolic profile. Moreover, in our study we assessed EE 
effects of selected pro-and anti-inflammatory cytokines and their inter-
ference with liver fibrosis progression or resolution. For instance, IL-15 
and IL-15 receptor α have a protective role in liver fibrosis progression 
by regulating fibrogenic molecules and collagen expression in HSCs and 
maintaining NK cell homeostasis [46]. In contrast, IL-20 is a 
pro-inflammatory cytokine of the IL-10 family that activates quiescent 
HSCs and upregulates TGFβ expression. In mice, administration of an-
tibodies neutralizing either IL-20 or the IL-20 receptor inhibits 
CCl4-induced cell damage, TGFβ production, HSCs activation, and liver 
fibrosis [47]. On the other hand, IL-17 induced the production of type I 
collagen in HSCs by activating the signal transducer and activator of 
transcription 3 (STAT3) signaling pathway [48]. Furthermore, IL-22 
showed an important for the modulation of tissue responses during 
inflammation. Through activation of Stat3-signaling cascades, IL-22 
induces proliferative and anti-apoptotic pathways [49]. MCP-1 on the 
other hand, is a chemokine that regulates migration and infiltration of 
monocytes/macrophages. MCP-1 showed to regulate CD56+ NK cells, 
which consequently inhibits perforin expression and results in a 
decrease of NK cells cytotoxicity [50]. Our data revealed that EE exhibits 
anti-inflammatory effects by modulating secreted cytokines through the 
increase in IL15 and decrease in IL-20, IL-17, IL-22, and TGFβ. These 
results are in agreement with previous evidence indicating that free 
cholesterol accumulation in HSCs sensitizes the cells to TGFβ-induced 
activation through enhancement of Toll-like receptor 4 (TLR4)-me-
diated downregulation of the TGFβ pseudoreceptor BAMBI (bone 

Fig. 3. EE exhibits liver antioxidant activity. Liver concentrations of (A) 
glutathione (GSH), (B) glutathione peroxidase (GPX), and (C) catalase (CAT) 
were assessed by ELISA. 
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Fig. 4. EE displays an anti-inflammatory effect by reducing inflammatory cytokines. Pro-inflammatory cytokine levels of (A) IL-20, (B) TGFβ, (C) IL-17, (D) IL-22, (E) 
MCP-1, and (F) IL-15 were measured in all groups in triplicates. Data were analyzed using a Quantibody Q-Analyzer and an Excel-based program; results are 
presented in pg/ml. Data show mean ± SEM. 

Fig. 5. EE ameliorates liver fibrosis by improving liver trNK cytotoxic effects. (A) Liver flow cytometry analysis showed high counts of trNK 1.1/CD49a +/CD49b - 

cells following treatment in the vehicle and Ecballium groups. (B-C) Liver trNK 1.1/CD49a +/CD49b - showed increased levels of (B) CD107a and (C) IFN- γ in mice in 
the EE-treated group (p = 0.0001). (D) trNK-EE treatment caused diminished pHSCs αSMA intensity following co-culture in the TAA treated mice. (E) Representative 
confocal microscopy images show diminished green staining of pHSCs following co-culture of trNK cells treated with EE in the TAA mice model. Each experiment was 
repeated three times and data represented as mean ± SEM. 
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morphogenetic protein and activin membrane-bound inhibitor) [51]. 
Hepatic insulin resistance is characterized by an impaired ability of in-
sulin to decrease net glucose output from the liver, which contributes to 
increased blood glucose [52]. EE regulates glucose and lipid metabolism 
and can negatively modulate HSCs activation and fibrosis progression. 
Supporting data (Fig. 5) shows an increase in trNK cells in the liver 
following EE treatment in the TAA model associated with decreased 
cytotoxicity and the potential to reduce the activation of HSCs. This 
finding may partly explain EE’s role in delaying liver fibrosis progres-
sion by minimizing αSMA and ROS productions from activated HSCs. 

Overall, this study offers an overview of the biological impact of EE 
on liver fibrosis in a TAA-induced animal model. Its therapeutic value 
warrants further investigation. 
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