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Abstract 

Objectives: This study focused on the beneficial effects of Capparis spinosa (CS) treatment on the steatohepatitis 
induced by the administration of a high-fat emulsion in rats. Changes of hepatic expression and secretion of fibroblast 
growth factor 21 (FGF21) were also evaluated as a probable mechanism of the CS effects on fatty liver. Male Wistar 
rats were allocated in different groups to receive a normal diet (NC group), a high-fat diet (HF group), or the high-fat 
emulsion plus CS extract at a dose of 20 mg/kg (HF+CS group). Body and liver weight, liver index, serum biochemical 
factors, histopathological examination, and serum level and hepatic gene expression of FGF21 were determined.

Results: CS administration markedly reduced liver weight and index, serum levels of glucose, lipids, alanine ami-
notransferase (ALT), and aspartate aminotransferase (AST) and improved histological features of nonalcoholic steato-
hepatitis (NASH) which were induced by HF feeding in this model. CS supplementation also restored the decreased 
hepatic and serum FGF21 levels in the fatty liver rats. We propose that the FGF21 up-regulation may partly account for 
the favorable effects of CS in this steatohepatitis model.

Keywords: Capparis spinosa, Liver steatosis, Fibroblast growth factor 21

© The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://crea-
tivecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdo-
main/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Recent studies have revealed the important role of fibro-
blast growth factor 21(FGF21) in the pathogenesis of 
non-alcoholic fatty liver disease (NAFLD) [1]. FGF21 a 
key metabolic regulator is predominantly produced by 
hepatocytes and directly modulates lipid metabolism 
and accumulation in the liver [2]. FGF21 reduces endog-
enous production of glucose, fat, and low-density lipo-
protein (LDL) while promoting insulin sensitivity and 
utilization of fatty acids as a fuel source [3]. It has been 
shown that FGF21 has favorable effects in the patho-
genesis of NAFLD through improving insulin resistance 

and alleviating hepatic steatosis, and inflammation [4]. 
Hence, the beneficial effects of FGF21 on insulin sensitiv-
ity and NAFLD development make FGF21 an attractive 
therapeutic target for the treatment of NAFLD.

Available medications for NAFLD treatment have not 
provided satisfactory results so far [5–10]. Therefore, it is 
necessary to look for novel pharmacological and/or com-
plementary nutraceuticals for the management of the 
disease. Plant substances have drawn significant atten-
tion in the treatment of diseases due to large traditional 
beliefs, availability, and fewer side effects generally [11]. 
Currently, several medicinal plants and bioactive natural 
compounds are used to treat NAFLD in different areas of 
the world [12]. Capparis spinosa (CS) has attractive ben-
eficial effects on diabetes and dyslipidemia [13, 14]. CS 
belongs to the Capparidaceae family and has widespread 
growth in the world as well as the southern regions of 
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Iran [15, 16]. The favorable medical effects of CS are 
attributed to diverse bioactive compounds such as alka-
loids and polyphenols that are present in different parts 
of this plant [15]. It is believed that consuming CS fruit 
has beneficial effects on diabetes, obesity, and cholesterol 
level [17–19]. It has been shown that the fruit extract of 
CS improved fasting blood glucose and dyslipidemia in 
streptozotocin-induced diabetic rats [19].

Despite these studies showing the great potentials of 
CS consumption on dyslipidemia, obesity, and diabe-
tes improvement, its beneficial effects on NAFLD and 
their possible underlying mechanisms have not been 
elucidated.

The present study focused on the potential effects of 
CS on improving hepatic steatosis as well as glucose and 
lipid homeostasis. Also, the effects of CS on the hepatic 
expression and secretion of FGF21 were analyzed to 
determine a probable mechanism of action of this plant.

Main text
Methods
Preparation of the CS fruits extract
CS fruit extract was prepared and used at a dose of 
20  mg/kg body weight. Fruits were deposited at the 
Medicinal Plant Research Center, Ahvaz Jundishapur 
University of Medical Sciences (Ahvaz, Iran) with the 
voucher number A1805812FP. Complete details of the 
extraction methods used were described in our previous 
related paper [19].

A high-fat emulsion (HF) which was consisted of corn 
oil 400 g, saccharose 150 g, milk powder 80 g, cholesterol 
100 g, sodium deoxycholate 10 g, Tween-80 36.4 g, pro-
pylene glycol 31.1 g, vitamin mixture 2.5 g, cooking salt 
10  g, mineral mixture 1.5  g, and distilled water 300  ml 
was prepared as described by Zou et  al. [20]. Addition-
ally, the emulsion was supplemented with vitamin and 
mineral mixture. The final emulsion was kept at 4 °C and 
before use, was heated in a 40  °C water bath and mixed 
completely.

Animal model and experimental protocol
Male Wistar rats (170 ± 20  g) were purchased from the 
Experimental Animal Center, Ahvaz Jundishapur Univer-
sity of Medical Sciences and housed under the controlled 
conditions of temperature (23 ± 1 °C) and lightening (12 h 
light/dark cycles). The rats were adapted to laboratory 
conditions for 7 days before the creation of the HF model. 
Thereafter, the rats were randomized into the following 
two groups: normal control group (NC group, n = 9) and 
high-fat model group (HF group, n = 18). The HF group 
was given high-fat emulsion (10 ml/kg) via gavage daily. 
During the study, all rats had free access to drinking 
water and regular chow. After 6 weeks, the rats in the HF 

group were allocated into the two following groups: the 
HF group that kept receiving high-fat emulsion and the 
HF+CS group that received high-fat emulsion plus CS 
extract at the dose of 20  mg/kg via gavage daily. At the 
end of the procedure at week 12, after overnight fasting, 
all the animals were sacrificed under anesthesia with ket-
amine-xylazine. Plasma samples were collected and liver 
samples were harvested for further assays. This study was 
approved by the Ethics Committee of Research Center & 
Experimental Animal House, Ahvaz Jundishapur Univer-
sity of Medical Sciences.

Biochemical measurements
Triglyceride (TG), total cholesterol (TC), and glucose 
in serum as well as plasma alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) activities 
as liver injury markers, were measured using Cobas 6000 
Analyzer Series Roche (Diagnostics, Risch-Rotkreuz, 
Switzerland).

Histopathology of liver
For histopathological evaluation of hepatic steatosis, 
inflammation, necrosis, and fibrosis, fresh liver tis-
sues were fixed in neutral buffered formalin and were 
embedded in paraffin. Then, sections of 5–7  μm thick-
ness were cut and processed routinely for hematoxylin–
eosin (H&E) and Masson trichrome staining and scoring 
according to the method described by Kleiner et al. [21] 
and Brunt et al. [22]. Briefly, hepatocellular steatosis was 
graded according to the percentage of hepatocytes con-
taining macrovesicular fat (grade 0: no fat; grade 1: stea-
tosis occupying < 33% of the hepatic parenchyma; grade 
2: 34%–66%; grade 3: more than 66%). The inflammation 
and necrosis were graded as follows: normal—0, mild—1, 
moderate—2, severe—3. Hepatic fibrosis staging was 
determined according to the severity of injury (stage 0: 
none; stage 1: mild perisinusoidal or periportal; stage 2: 
moderate perisinusoidal or periportal; stage 3: bridging 
fibrosis; stage 4: cirrhosis).

Gene expression analysis
Total RNA was extracted from frozen liver tissue with 
the FastPure™ RNA Kit from Takara Bio (Otsu, Japan). 
RNA from each sample (5  μg) was reverse-transcribed 
into cDNA, using a PrimeScript RT reagent Kit (Takara 
Bio, Otsu, Japan). The following primers were used to 
determine rat FGF21 in liver tissue: forward 5′-ACC GCA 
GTC CAG AAA GTC TC-3′ and reverse 5′-TGC AGG CCT 
CAG GAT CAA AG-3′. The real-time PCR was conducted 
using SYBR Premix Ex Taq™ II (Takara Bio, Otsu, Japan) 
on QuantStudio™ 3 Real-Time PCR System (ABI Applied 
Biosystems) following the manufacture’s instructions. 
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The gene expression levels of FGF21 were compared with 
those of β-actin as a reference gene.

Statistical analysis
Graphpad Prism software version 8.0.2 was applied 
for statistical analysis. Quantitative and qualitative 
variables were expressed as mean ± SD or percent-
ages, respectively. Quantitative variables were com-
pared with one-way analysis of variance (ANOVA) 
and Tukey’s post hoc test. The Chi square statistic was 
determined for comparison of qualitative variable per-
centages. The significance was regarded at p ≤ 0.05.

Results
Effects of CS fruit extract on changes in body weight, liver 
weight, and liver index
Changes in body weight of rats in each group were 
measured after 6 weeks of intervention and at the end 
of the experiment after 12 weeks (Fig. 1a, b). High-fat 
emulsion diet increased body weight in the HF group 
compared to the NC group after 6  weeks (p < 0.001). 
Treatment with CS extract significantly attenuated the 
body weight increase as compared to the HF group 
after 12 weeks (p < 0.001). As shown in Fig. 1c, d, liver 
weight and index of the rats were significantly reduced 
in the HF+CS group in response to 6 weeks CS extract 
treatment compared to the HF group (p < 0.001).

Effects of CS fruit extract on biochemical parameters
Feeding rats with the high-fat emulsion induced a 
striking increase in fasting blood sugar (FBS) level 
(+57/2%) compared with the NC group (Table  1). 
Treatment with CS significantly (p < 0.001) restored 
the rise in the FBS levels. Serum levels of TC and TG 
in the HF group were increased significantly (p < 0.001) 
as compared to the NC group. Six weeks administra-
tion of CS significantly (p < 0.001) diminished tri-
glyceride and total cholesterol levels and alleviated 
NAFLD-induced dyslipidemia (Table 1). Also, rats fed 
with the HF-emulsion for 12 weeks showed a 1.4-fold 
decrease in serum FGF21 levels compared to the rats 
in the NC group. Treatment with CS improved the 
attenuated FGF21 levels in the HF+CS group (Fig. 1e).

CS fruit extract alleviated HF emulsion‑induced fatty liver 
and liver injury
Serum ALT and AST levels and histopathology of the 
liver sections were analyzed to evaluate the effect of 
CS on the NASH model induced by the high-fat emul-
sion. Serum ALT and AST levels increased markedly in 
the HF group compared to the control group (Table  1, 
p < 0.001) which confirmed the successful establish-
ment of the NASH model in our study. The elevated liver 
enzymes were significantly decreased in the HF+CS 
group (Table 1, p < 0.01). These findings were in parallel 
with histopathological alterations observed in H&E and 
Masson’s Trichrome staining of liver sections. H&E stain-
ing indicated that the treatment of rats with 20 mg/kg CS 
attenuated liver pathological injury significantly (Fig.  2) 
and improved liver inflammation and hepatic steatosis 
(Fig.  2). Masson’s Trichrome staining images for fibro-
sis degree are shown in Fig.  2c. No collagen deposition 
was found in the livers of rats on the normal diet. Livers 
from rats fed the HF-emulsion showed typical collagen 
deposition in the whole liver. The CS treatment lowered 
the hepatic steatosis and collagen deposition (Fig.  2d). 
These results indicated that CS treatment significantly 
improved liver injury and hepatic steatosis in the HF 
group rats.

Quantitative polymerase chain reaction (qPCR) analysis 
of FGF21 expression
After 12  weeks of treatment, the high fat-emulsion sig-
nificantly decreased FGF 21 mRNA expression (p < 0.05) 
compared with the normal diet. CS extract treatment 
restored the hepatic FGF 21 expression (p < 0.05) com-
pared to the HF group (Fig. 1f ).

Discussion
In the present study, we evaluated the effects of CS fruit 
extract on a rat model of NASH induced by a high-fat 
emulsion. CS administration markedly reduced serum 
levels of ALT and AST in this model. CS also signifi-
cantly ameliorated the histological features of NASH in 
these rats. Our findings indicated that CS is a poten-
tially useful herbal medicine in improving steatohepa-
titis induced by a high-fat diet. Additionally, given the 
important role of FGF21 in the regulation of metabolic 
pathways, we investigated the impact of CS extract on 
hepatic expression and serum level of FGF21. While 

(See figure on next page.)
Fig. 1 Body weight in rats of NC and HF groups after high-fat emulsion treatment for 6 weeks (a) effect of CS fruit extract on the body weight after 
12 weeks (b), liver weight (c) and liver index (d) of fatty liver rats at the end of experiment. The serum concentration of FGF21 (e) and FGF21 mRNA 
expression (f) changes during 12 weeks of treatment. Both FGF21 concentration and its mRNA expression were significantly higher in the HF+CS 
group than those in the HF group. NC, normal control diet group, HF, high-fat emulsion group; HF+CS: HF + Capparis spinosa group. Values are 
given as mean ± S.D. of 7 rats at *p < 0.05; **p < 0.01; and ***p < 0.001
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Table 1 Effect of daily administration of CS (20 mg/kg) on Serum biochemistry in the experimental groups

Values are expressed as the mean ± SD, n = 7. HF, high-fat emulsion group; HF+CS, HF + Capparis spinosa group; TG, triglyceride; TC, total cholesterol; FBS, fasting 
blood glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase

Parameter NC HF HF+CS P Value

HF vs.NC HF+CS vs. HF

TG (mg/dl) 42.57 ± 9.30 110.1 ± 11.32 49.25 ± 15.10 < 0. 001 < 0. 001

TC (mg/dl) 70.57 ± 2.63 123.1 ± 7.49 81.63 ± 8.60 < 0. 001 < 0. 001

FBS (mg/dl) 107.7 ± 7.54 123.1 ± 7.49 122.1 ± 8.72 < 0. 001 < 0. 001

ALT (IU/l) 31.57 ± 3.30 70.57 ± 5.82 40.38 ± 6.43 < 0. 001 < 0. 001

AST (IU/l) 44.71 ± 3.25 106 ± 20.07 59 ± 4.27 < 0. 001 < 0. 001

Fig. 2 NAFLD was induced by high-fat emulsion diet. a Macroscopic observation of the liver of the HF+CS group showed a markedly reduced 
size and paler color compared with the HF group. b Representative images of hematoxylin–eosin and c Masson Trichrome stained sections of liver 
tissue in different groups at the end of treatments with 100X magnification. A: accumulation of RBCs; I: inflammation; S: steatosis; Arrows in c row: 
fibrosis. d Histology assessments in control and experimental groups. Values expressed as mean ± SD for 7 rats. *p < 0.05, **p < 0.01, ***p < 0.001, # 
p < 0.05, ## p < 0.01, ### p < 0.001; * and # symbols respectively indicate comparison to NC and HF groups.NC: normal control diet group; HF: high-fat 
emulsion group; HF+CS: HF + Capparis spinosa group
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serum and hepatic expression of FGF21 were decreased 
in our model, we found that CS administration up-reg-
ulated the hepatic and serum FGF21 levels.

It seems that CS fruit extract is a cocktail of effec-
tive molecules with multiple metabolic targets. Our 
findings suggested that the effects of CS on NAFLD 
improvement may be partly due to the up-regulation 
of FGF21 and its target metabolic pathways. The liver 
is the principal source of circulating FGF21 and medi-
ates the majority of its beneficial effects on whole-body 
metabolism [23]. Several lines of evidence have dem-
onstrated that transgenic overexpression or admin-
istration of FGF21 decrease hepatic and serum levels 
of lipids, reduce body weight, and alleviate the pro-
gression of NAFLD [1]. These are consistent with our 
findings as the administration of CS for 6 weeks up-reg-
ulated both hepatic and circulating FGF21 in parallel to 
the improvement in NASH features.

Our results indicated that CS fruit has beneficial 
effects on the metabolic and histologic profile of the 
high fat-induced NASH model in rats. Moreover, we 
propose that the increase in FGF21 expression and 
secretion in response to CS extract may partly account 
for these beneficial effects. These remarkable properties 
of CS established in the rodent model encourage future 
human studies to confirm the usefulness of CS in the 
management of fatty liver.

Limitations
It is noteworthy that this study did not fully identify the 
underlying mechanisms responsible for the CS-medi-
ated NASH amelioration, but improvements in glucose 
and lipid homeostasis, bodyweight reduction, and his-
tological modification are all consistent with FGF21 as 
the mediator of CS actions. We also did not identify the 
involving signaling pathways and upstream regulators 
of FGF21 expression in response to CS treatment and 
FGF21 up-regulation.

Abbreviations
NAFLD: Non-alcoholic fatty liver disease; CS: Capparis spinosa; HF: High-fat; 
FBS: Fasting blood sugar; TG: Triglyceride; TC: Total cholesterol; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; NASH: Nonalcoholic 
steatohepatitis; FGF21: Fibroblast growth factor 21.

Acknowledgements
The authors wish to thank Dr. Fereshteh Gol Fakhrabadi from Ahvaz Jundis-
hapur University of Medical Sciences for her work in authenticating plant 
samples.

Authors’ contributions
NM, HY and, MTJ designed the study. RA performed all assays. LK contributed 
in histological study. RA analyses the data. NM wrote first draft. HY revised the 
manuscript. MTJ contributed to the interpreting the results. All authors read 
and approved the final manuscript.

Funding
This study was supported by the Ahvaz Jundishapur University of Medical 
Sciences (Grant No. HLRC-9705).The funding source has no role in the design 
of the study, analysis, and interpretation of data, and publication of the 
manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Ethics approval and consent to participate
Our study was approved by the Ethics Committee of Research Center & Exper-
imental Animal House, Ahvaz Jundishapur University of Medical Sciences.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Hyperlipidemia Research Center, Ahvaz Jundishapur University of Medical 
Sciences, Ahvaz, Iran. 2 Department of Laboratory Sciences, School of Allied 
Medical Sciences, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, 
Iran. 3 Cellular and Molecular Research Center, Ahvaz Jundishapur University 
of Medical Sciences, Ahvaz, Iran. 

Received: 12 May 2020   Accepted: 21 July 2020

References
 1. Liu J, Xu Y, Hu Y, Wang G. The role of fibroblast growth factor 21 in the 

pathogenesis of non-alcoholic fatty liver disease and implications for 
therapy. Metabolism. 2015;64(3):380–90. https ://doi.org/10.1016/j.metab 
ol.2014.11.009.

 2. Su X, Kong Y, Peng D. Fibroblast growth factor 21 in lipid metabolism and 
non-alcoholic fatty liver disease. Clin Chim Acta. 2019;498:30–7. https ://
doi.org/10.1016/j.cca.2019.08.005.

 3. Jeon JY, Choi S-E, Ha ES, Kim TH, Jung JG, Han SJ, et al. Association 
between insulin resistance and impairment of FGF21 signal transduc-
tion in skeletal muscles. Endocrine. 2016;53(1):97–106. https ://doi.
org/10.1007/s1202 0-015-0845-x.

 4. Asrih M, Jornayvaz FR. Metabolic syndrome and nonalcoholic fatty liver 
disease: is insulin resistance the link? Mol Cell Endocrinol. 2015;418:55–65. 
https ://doi.org/10.1016/j.mce.2015.02.018.

 5. Amiri HL, Agah S, Azar JT, Hosseini S, Shidfar F, Mousavi SN. Effect of 
daily calcitriol supplementation with and without calcium on disease 
regression in non-alcoholic fatty liver patients following an energy-
restricted diet: randomized, controlled, double-blind trial. Clin Nutr. 
2017;36(6):1490–7. https ://doi.org/10.1016/j.clnu.2016.09.020.

 6. Amiri HL, Agah S, Mousavi SN, Hosseini AF, Shidfar F. Regression of non-
alcoholic fatty liver by vitamin D supplement: a double-blind randomized 
controlled clinical trial. Arch Iran Med. 2016;19:9.

 7. Mousavi SN, Faghihi A, Motaghinejad M, Shiasi M, Imanparast F, Amiri 
HL, et al. Zinc and selenium co-supplementation reduces some lipid 
peroxidation and angiogenesis markers in a rat model of NAFLD-fed high 
fat diet. Biol Trace Elem Res. 2018;181(2):288–95. https ://doi.org/10.1007/
s1201 1-017-1059-2.

 8. Chachay VS, Macdonald GA, Martin JH, Whitehead JP, O’Moore-Sullivan 
TM, Lee P, et al. Resveratrol does not benefit patients with nonalcoholic 
fatty liver disease. Clin Gastroenterol Hepatol. 2014;12(12):2092–103. 
https ://doi.org/10.1016/j.cgh.2014.02.024.

 9. Sheka AC, Adeyi O, Thompson J, Hameed B, Crawford PA, Ikramuddin 
S. Nonalcoholic steatohepatitis: a review. JAMA. 2020;323(12):1175–83. 
https ://doi.org/10.1001/jama.2020.2298.

 10. Khan RA, Kapur P, Jain A, Farah F, Bhandari U. Effect of orlistat on periostin, 
adiponectin, inflammatory markers and ultrasound grades of fatty liver 

https://doi.org/10.1016/j.metabol.2014.11.009
https://doi.org/10.1016/j.metabol.2014.11.009
https://doi.org/10.1016/j.cca.2019.08.005
https://doi.org/10.1016/j.cca.2019.08.005
https://doi.org/10.1007/s12020-015-0845-x
https://doi.org/10.1007/s12020-015-0845-x
https://doi.org/10.1016/j.mce.2015.02.018
https://doi.org/10.1016/j.clnu.2016.09.020
https://doi.org/10.1007/s12011-017-1059-2
https://doi.org/10.1007/s12011-017-1059-2
https://doi.org/10.1016/j.cgh.2014.02.024
https://doi.org/10.1001/jama.2020.2298


Page 7 of 7Akbari et al. BMC Res Notes          (2020) 13:356  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

in obese NAFLD patients. Ther Clin Risk Manag. 2017;13:139. https ://doi.
org/10.2147/TCRM.S1246 21.

 11. Shidfar F, Jazayeri S, Mousavi SN, Malek M, Hosseini A, Khoshpey B. Does 
supplementation with royal jelly improve oxidative stress and insulin 
resistance in type 2 diabetic patients? Iran J Public Health. 2015;44(6):797.

 12. Bagherniya M, Nobili V, Blesso CN, Sahebkar A. Medicinal plants and 
bioactive natural compounds in the treatment of non-alcoholic fatty liver 
disease: a clinical review. Pharmacol Res. 2018;130:213–40. https ://doi.
org/10.1016/j.phrs.2017.12.020.

 13. Huseini HF, Hasani-Rnjbar S, Nayebi N, Heshmat R, Sigaroodi FK, Ahvazi 
M, et al. Capparis spinosa L. (Caper) fruit extract in treatment of type 2 
diabetic patients: a randomized double-blind placebo-controlled clinical 
trial. Complement Ther Med. 2013;21(5):447–52. https ://doi.org/10.1016/j.
ctim.2013.07.003.

 14. Mollica A, Zengin G, Locatelli M, Stefanucci A, Mocan A, Macedonio G, 
et al. Anti-diabetic and anti-hyperlipidemic properties of Capparis spinosa 
L.: in vivo and in vitro evaluation of its nutraceutical potential. J Funct 
Foods. 2017;35:32–42. https ://doi.org/10.1016/j.jff.2017.05.001.

 15. Nabavi SF, Maggi F, Daglia M, Habtemariam S, Rastrelli L, Nabavi 
SM. Pharmacological effects of Capparis spinosa L. Phytother Res. 
2016;30(11):1733–44. https ://doi.org/10.1002/ptr.5684.

 16. Vahid H, Bonakdaran S, Khorasani ZM, Jarahi L, Rakhshandeh H, Ghorbani 
A, et al. Effect of Capparis spinosa Extract on metabolic parameters in 
patients with Type-2 diabetes: a randomized controlled trial. Endocr 
Metab Immune Disord Drug Targets. 2019;19(1):100–7. https ://doi.
org/10.2174/18715 30318 66618 08211 31201 .

 17. Eddouks M, Lemhadri A, Hebi M, Hidani AE, Zeggwagh NA, Bouhali 
BE, et al. Capparis spinosa L. aqueous extract evokes antidiabetic effect 
in streptozotocin-induced diabetic mice. Avicenna J Phytomedicine. 
2017;7(2):191.

 18. Zhou H, Jian R, Kang J, Huang X, Li Y, Zhuang C, et al. Anti-inflammatory 
effects of caper (Capparis spinosa L.) fruit aqueous extract and the isola-
tion of main phytochemicals. J Agric Food Chem. 2010;58(24):12717–21. 
https ://doi.org/10.1021/jf103 4114.

 19. Jalali MT, Mohammadtaghvaei N, Larky DA. Investigating the effects of 
Capparis spinosa on hepatic gluconeogenesis and lipid content in strep-
tozotocin-induced diabetic rats. Biomed Pharmacother. 2016;84:1243–8. 
https ://doi.org/10.1016/j.bioph a.2016.10.061.

 20. Zou Y, Li J, Lu C, Wang J, Ge J, Huang Y, et al. High-fat emulsion-induced 
rat model of nonalcoholic steatohepatitis. Life Sci. 2006;79(11):1100–7. 
https ://doi.org/10.1016/j.lfs.2006.03.021.

 21. Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ, Cummings OW, 
et al. Design and validation of a histological scoring system for nonal-
coholic fatty liver disease. Hepatology. 2005;41(6):1313–21. https ://doi.
org/10.1002/hep.20701 .

 22. Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri BA, Bacon 
BR. Nonalcoholic steatohepatitis: a proposal for grading and staging the 
histological lesions. Am J Gastroenterol. 1999;94(9):2467–74. https ://doi.
org/10.1016/S0002 -9270(99)00433 -5.

 23. Ejaz A, Martinez-Guino L, Goldfine AB, Ribas-Aulinas F, De Nigris V, Ribó S, 
et al. Dietary betaine supplementation increases Fgf21 levels to improve 
glucose homeostasis and reduce hepatic lipid accumulation in mice. 
Diabetes. 2016;65(4):902–12. https ://doi.org/10.2337/db15-1094.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.2147/TCRM.S124621
https://doi.org/10.2147/TCRM.S124621
https://doi.org/10.1016/j.phrs.2017.12.020
https://doi.org/10.1016/j.phrs.2017.12.020
https://doi.org/10.1016/j.ctim.2013.07.003
https://doi.org/10.1016/j.ctim.2013.07.003
https://doi.org/10.1016/j.jff.2017.05.001
https://doi.org/10.1002/ptr.5684
https://doi.org/10.2174/1871530318666180821131201
https://doi.org/10.2174/1871530318666180821131201
https://doi.org/10.1021/jf1034114
https://doi.org/10.1016/j.biopha.2016.10.061
https://doi.org/10.1016/j.lfs.2006.03.021
https://doi.org/10.1002/hep.20701
https://doi.org/10.1002/hep.20701
https://doi.org/10.1016/S0002-9270(99)00433-5
https://doi.org/10.1016/S0002-9270(99)00433-5
https://doi.org/10.2337/db15-1094



