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Abstract

Background: Despite a number of studies on the effects of complementary medicine products, the effects of caper fruit pickle
(CFP), as Iranian traditional medicine (ITM), is not clear in non-alcoholic fatty liver disease (NAFLD).

Objectives: The current study aimed at assessing the effect of the CFP on anthropometric measures and some atherogenic indices
in patients with non-alcoholic fatty liver disease (NAFLD).

Methods: A 12-week randomized, controlled, double-blind trial was conducted on 44 patients with NAFLD via block randomization
method assigned to either the control (n = 22) or the CFP (n = 22) groups, from March to October 2016 in Zanjan city, Iran. The CFP
group received 40 - 50 g of the CFP with daily meals. Before and after the treatment, anthropometric measures, serum lipoprotein
ratios, and liver enzymes were assessed.

Results: After 12 weeks, weight and waist circumference significantly decreased both in the CFP (P < 0.001) and control groups
(P=0.001and P = 0.03), respectively. Adjusted to the baseline measures, the a mean difference of alanine aminotransferase (ALT)
(P = 0.04), low-density lipoprotein cholesterol/high-density lipoprotein cholesterol (LDL.C/HDL.C) (P = 0.001), triglyceride/HDL.C
(TG/HDL.C) (P < 0.001) and total cholesterol/HDL.C (TC/HDL.C) (P = 0.001) decreased more significantly in the CFP than the control
group at the end of the study.

Conclusions: The current study results suggested that daily consumption of the CFP for 12 weeks may potentially prevent cardio-

vascular complications in patients with NAFLD. Further studies are needed to confirm the findings.
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1. Background

Non-alcoholic fatty liver disease (NAFLD) is a multifac-
torial common metabolic disorder, which is an athero-
genic condition due to liver manifestations of metabolic
syndrome (1). Most patients have dyslipidemia, insulin
resistance (IR), hypertension and visceral obesity (2). Re-
gardless of body weight and other assessed risk factors,
the prevalence of atherosclerosis in patients with NAFLD
is high (3). Cardiovascular disease (CVD) is the common
cause of death in patients with NAFLD (4). Steatosis and
inflammation are 2 main factors for CVD occurrence in pa-
tients with NAFLD (5). Dyslipidemia, as a common risk fac-
tor of NAFLD and CVD, upregulates the transcription fac-

tor sterol regulatory element binding protein-ic (SREBP-
1c). Insulin and SREBP-Ic synergistically stimulate de-novo
synthesis of genes involved in lipids metabolism. Further-
more, SREBP-1c inhibits oxidation of free fatty acids and
leadsto an increase in hepaticlipid droplets (6). By increas-
ing the lipid droplets, especially as triglyceride (TG) form,
liver initiates to form atherogenic lipid markers including
high serum triglyceride (TG), small and dense low-density
lipoprotein cholesterol (LDL.C), total cholesterol (TC), very
low-density lipoprotein (VLDL), and elevated apolipopro-
tein B100 concentration, but decreases serum high-density
lipoprotein cholesterol (HDL.C) levels. These alterations
are the main predictors for CVD (7, 8). Although the con-
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cise relationship between NAFLD and CVD is not clear, ox-
idative stress is considered as the main factor for initia-
tion and progression of CVD in patients with NAFLD (9).
Some antioxidants had beneficial effects on atherogenic
indices under such conditions (10). Traditional medicine
plants are used as complementary therapeutics in differ-
ent countries (11). Recently, researches pay more attention
to the positive role of medicinal plants to treat human
chronic diseases (12). Caper (Capparis spinosa), as a mem-
ber of Capparidaceae family, has health- promoting effects
due to its valuable bioactive compounds. Then, different
parts of this plant have various effects (13, 14). In some ani-
mal studies, a direct link was observed between caper fruit
extract and the key pathogenic causes of NAFLD including
IR, blood glucose, and lipid profile in diabetic cases (15). Re-
ports showed the antioxidant, antimicrobial, anticancer,
and hepatoprotective effects of C. spinosa (16). To the au-
thors* best knowledge, there is no clinical trial to evaluate
whether daily consumption of the caper fruit pickle (CFP)
results in a greater beneficial effect on NAFLD. The current
study aimed at comparing the effects of the CFP consump-
tion on serum fasting glucose and lipid profile ratios, in pa-
tients with NAFLD after a 12-week intervention.

2. Methods

2.1. Design

The current randomized, double-blind, controlled
trial aimed at assessing the effects of the CFP consump-
tion on anthropometric measures, fasting blood glucose
(EBS), homeostasis model assessment of IR (HOMA-IR),
liver enzyme tests, and lipid profile in patients with
NAFLD. The study was approved by the Ethical Commit-
tee of Tabriz University of Medical Sciences, Tabriz, Iran
(TBZMED.REC.1394.650). All patients signed the informed
consent forms before participation in the study partici-
pation. At the beginning of the study, baseline measures
were recorded and eligible participants were randomly
assigned via block randomization method, according to
their body mass index (BMI), to the intervention and con-
trol groups. The current study was registered in the Iranian
Registry of Clinical Trials (code no. IRCT2015122425686N1).

2.2. Participants

Patients with NAFLD were selected from March to Oc-
tober 2016 from the patients referred to the Metabolic Dis-
ease Research Center and Valie-Asr Hospital, Zanjan Univer-
sity of Medical Sciences, Zanjan, Iran. The inclusion crite-
ria were age 12 - 80 years, BMI 25 - 35 kg/m?, and willing-
ness to adhere a new dietary regimen in order to improve
fatty liver. The exclusion criteria were cigarette smoking,

pregnancy, the history of labor, or planning pregnancy for
the next six months, lactation, history of stroke, cirrho-
sis, viral hepatitis, liver obstructive diseases, heart disease,
thyroid disorders, diabetes, dyslipidemia, intake of drugs
for blood glucose or lipid control as well as anticoagulants
that affect metabolism or body weight following a vegetar-
ian or weight-loss diets up to two months before the begin-
ning of study.

2.3. Intervention

Forty-four patients were randomly assigned to the CFP
(n =22) and control (n = 22) groups. Caper fruit was col-
lected from Moghan, Pars Abad, Iran. A sample of whole
plant was sent to the laboratory of the Herbarium Re-
search Center, Shahid Beheshti University of Medical Sci-
ences, Tehran, Iran (herbarium code: 3969). At first, fruits
were soaked in cool-boiled water for ten days. After boil-
ing the fruits, they were soaked in home-made grape vine-
gar. All these procedures were done to improve the taste
of the fruit. Microbial and fungal tests were conducted be-
fore distribution of the pickles. Patients were advised to
receive 40 - 50 g of the CFP with their meals. All partici-
pants were similarly trained by a nutritionist for lifestyle
changes. Compliance of the participants with the diet was
assessed by telephone interview every week. Side effects
were explained to all participants and followed up in each
interview.

2.4. Measures

At the beginning, 24-hour dietary recall forms were
completed and analyzed by the N4 software (Nutritionist 4,
First Databank Division, Hearts Corporation). Body weight
was measured using a calibrated scale to the nearest 100
g (Seca, Germany). Height and waist circumference (WC)
were measured to the nearest 0.5 cm using a flexible tape
measure (Seca). All measures, except height, were recorded
atbaseline and after 12 weeks of the intervention in the two
groups.

Blood samples of all patients were taken from the ante-
cubital vein after 10 - 12 hours fasting, at baseline and after
12 weeks for biochemical measurements. FBS, lipid profile,
alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) were measured by the AutoAnalyzer. Serum in-
sulin and high-sensitivity C-reactive protein (hs-CRP) level
were measured by the enzyme-linked immunosorbent as-
say (ELISA) kit ((Biocompare Co, South San Francisco, CA
94080, USA). HOMA-IR: (fasting insulin (¢#U/m/L) x FBS
(mM]/L) [22.5 (17).

2.5. Sample Size and Statistical Analysis

Power of 80% with a two-sided test with type I error
= 0.05 and mean difference of 25 IUJL for ALT levels were
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considered to determine the sample size (18). The num-
ber of patients needed to reach this difference was 22 per
group. Then, by computing 10% dropout, 25 patients were
enrolled in each group.

All data were expressed as means + standard devia-
tion (SD). P < 0.05 was considered the level of significance.
Normal distribution of the variables was checked by the
Kolmogorov-Smirnov test. Independent samples t-test was
used to assess differences in mean values of the studied
items between the groups. The comparison of mean val-
ues of variables before and after the intervention in each
group was examined by paired samples t-tests. Chi-square
test was used to assess differences in categorical variables.
Linear regression model was used to assess the effects of
baseline parameters on the mean difference of measures
from baseline to the end of the study.

2.6. Statistical Software

Statistical analyses were performed using IBM SPSS
Statistics for Windows, version 22.0 ( IBM Corp., Armonk,
N.Y,, USA).

3. Results

Dietary intake and physical activity did not indicate
any significant differences between the two groups (P >
0.05). In the CFP and the control groups, 72.7%, and 59.1%
of the participants, respectively, were female. Partici-
pants’ gender had no significant difference between the
two groups (P> 0.05). Mean age of participants was 40.32
+10.04 and 45 £10.03 years in the CFP and control groups,
respectively, which had no significant difference between
the two groups. As shown in Table 1, baseline levels of
LDL.C/HDL.C, TC/HDL.C,non-HDL.C, and insulin were signif-
icantly higher in the CFP group than the control, but serum
AST level was significantly higher in the control than the
CFP group. Weight and WC significantly decreased in the
CFP (P < 0.001and P < 0.001) and the control groups (P =
0.001and P=0.03), after the 12-week intervention (Table 1).

In the CFP group, serum ALT, AST, non-HDL.C, as well
as LDL.C/HDL.C, TG/HDL.C and TC/HDL.C significantly de-
creased at the end of the study (P < 0.01). In the controls,
AST, ALT, non-HDL.C, LDL.C/HDL.C, and TC/HDL.C exhibited
a significant decrease at the end of the study (P < 0.01).

Adjusted to the baseline measures, the mean differ-
ence of ALT (P = 0.04), LDL.C/HDL.C (P = 0.001), TG/HDL.C (P
< 0.001) and TC/HDL.C (P = 0.001) decreased more signifi-
cantly in the CFP compared with the control group at the
end of the study (Table 1).
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4. Discussion

Different studies assessed various protocols in patients
with NAFLD, which had inconclusive results (19, 20). It is
mentioned that chemical drugs may have destructive ef-
fects on health (12). Medicinal plants are the best therapeu-
tic alternatives. They contain active compounds such as
flavonoids and phenolic ingredients (21); but, more stud-
ies are needed to declare the effects and potential mecha-
nisms of action of medicinal plants. To the authors’ best
knowledge, it was the first randomized feeding study to
evaluate the beneficial effects of daily consumption of the
CFP on atherogenic indices in patients with NAFLD.

The current study results showed that mean differ-
ence of serum ALT, as well as LDL.C/HDL.C, TG/HDL.C, and
TC/HDL.C ratio decreased more significantly in the CFP
than the control group from baseline up to the end, ad-
justed for the baseline measures.

According to the Iranian traditional medicine (ITM),
some medicinal plants such as caper have beneficial effects
on liver and spleen (22). The relationship between spleen
and metabolic disorders, especially NAFLD is shown in pre-
vious studies (23, 24). Splenectomy is a therapeutic pro-
cedure in some clinical disorders, but recent studies re-
ported that it may lead to the formation of atheroma le-
sions. Then, any complications in spleen function can re-
sultin various diseases such as atherosclerosis (25).

Previous studies showed that ratios of lipoproteins en-
riched by cholesterol ester (TC/[HDL-C and LDL-C/HDL-C), as
well as TG/HDL-C are strong predictors for IR and LDL parti-
cle diameter (small-dense LDL-C) and ultimately CVD (26).

Hepatoprotective effect of C. spinosa root bark was
shown in the authors’ previous study in which it de-
creased liver enzymes serum levels in a mice model of
CCl4-induced liver toxicity (27). Also, the beneficial ef-
fects of caper fruit extract were assessed on the kidney
and liver by measuring serum levels of creatinine, biliru-
bin, urea, uric acid, AST, ALT, and alkaline phosphatase
(ALP). Also, histopathologic properties were compared be-
tween healthy and type 1 diabetic rats. Diabetes increased
cellular necrosis in the liver and kidney of rats. These
changes in the diabetic caper extract-treated group were
at the lowest amounts. A decrease in serum levels of cre-
atinine, liver enzymes, and other parameters were sup-
porting the changes. The aqueous extract of C. spinosa in-
hibited gene expression of inflammatory markers includ-
ing interleukin-6, tumor necrosis factor-alpha, and so on.
The beneficial effects may be due to some components, es-
pecially saponins, flavonoids, and alkaloids (28). An ani-
mal study showed that these ingredients improved dyslipi-
demia, as hypercholesterolemia and hypertriglyceridemia
(29). The notable protective activity of C. spinosa is men-
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tioned against oxidative stress and reducing reactive oxy-
gen species in systemic sclerosis dermal fibroblasts (30).
On the other hand, a study showed that aqueous extract
of C. spinosa had cholesterol decreasing effect by inhibit-
ing its biosynthesis (31). Results of these studies were in ac-
cordance with those of the current study. Mean difference
of lipid profile ratios including TG/HDL.C, LDL.C/HDL.C,
and TC/HDL.C, as markers of cardiovascular exacerbate de-
creased after 12 weeks of the CFP consumption. Also, it
is reported that lyophilized and methanolic extract of C.
spinosa inhibits lipid peroxidation and has an antioxidant
effect through phenolic compounds (30).

Hypoglycemic effect of the aqueous extract of C.
spinosa, with no effects on plasma insulin concentrations,
is reported in diabetic rats. In an animal study, serum lev-
els of glucose decreased in type 1 diabetic cases following
the consumption of C. spinosa extract (32). In the current
study, mean difference of serum FBS, insulin, and HOMA-
IR had no significant difference after 12 weeks of CFP con-
sumption.

The current study seems to be the first of its kind in
randomized, clinical trials assessing the effect of CFP con-
sumption on some cardiovascular indices in the patients

with NAFLD. Capper had more beneficial effects on ALT
levels and lipid profile ratios. However, to obtain more
conclusive results, similar studies with larger sample sizes
over longer periods of time are recommended. There were
some limitations to the current study results; most im-
portantly NAFLD was diagnosed by biochemical and ultra-
sonographic findings in the current study patients, which
was not possible to distinguish between simple fatty liver
and NASH. Liver biopsy is the gold standard to diagnose
NAFLD, but it is an invasive and expensive method. In fu-
ture studies, precise control of dietary intake and physical
activity level are suggested. Also, it is suggested that caper
components be analyzed in future. More studies with the
higher levels of these enzymes are needed to assess the ef-
fects of caper fruit on NAFLD progression. IR, inflamma-
tory, and oxidative pathways are recommended to deter-
mine the involved signaling pathways.
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Table 1. Anthropometric and Biochemical Characteristics at in the Study Groups®

Variable Control (N =22), Mean + SE CFP (N =22), Mean + SE P Value
Weight, kg

Baseline 813+ 2.9 813 & 21 0.9°

12 Weeks 79.8 2.8 78.9 + 21 0.8°

Treatment effect 15+ 0.4 2.4+ 027 0.09°
WC, cm

Baseline 102.6 =13 1042 = 2.4 0.5

12 Weeks 1003 £13 100.9 £+ 2.4 0.8

Treatment effect 23+1 32105 0.4
ALT, UL

Baseline 714 + 21 732+ 83 0.84

12 Weeks 64.02 + 2.6 44+ 6.6 0.007

Treatment effect 74+13 29.2 + 4.6 0.04
AST, UL

Baseline 683 2.2 40.2 +3.01 < 0.001

12 Weeks 60243 283+23 < 0.001

Treatment effect 8+18 1.9 + 2.2 0.9
LDL.C/HDL.C

Baseline 1.8+ 024 3+02 0.001

12 Weeks 151 0.2 2.6 £0.16 < 0.001

Treatment effect -0.31+ 0.08 -0.42 £ 0.14 0.001
TG/HDL.C

Baseline 5.2 1 0.47 5.5+ 0.6 0.7

12 Weeks 52+ 0.64 431036 03

Treatment effect -0.03 £ 0.2 114+ 0.4 < 0.001
TC/HDL.C

Baseline 3.8+ 0.23 514 0.26 0.001

12 Weeks 35422 4.6 £0.24 0.003

Treatment effect -0.32 £ 012 -0.57 £ 0.2 0.001

Non-HDL.C, mg/dL

Baseline 1227+ 81 154.6 £ 9.2 0.01

12 Weeks 108.4 £7.9 140.6 £+ 8.9 0.01

Treatment effect 143 £ 2.4 ‘14 £58 032
FBS, mg/dL

Baseline 100.7 £ 5.6 90 £ 2.2 0.08

12 Weeks 97.8 £5.5 871+ 21 0.07

Treatment effect 2.8+ 0.6 2.8 £2.07 037

Insulin, £ U/mL

Baseline 10.8 £ 0.72 14.5 £ 11 0.009

12 Weeks 9.9+ 0.7 12748 0.15

Treatment effect -0.92 + 0.17 18 +1.6 0.44
HOMA-IR

Baseline 274023 334029 0.13

12 Weeks 24+02 2.8+ 0.45 0.4

Treatment effect -0.3 %+ 0.05 -0.47 & 0.46 0.4
hs-CRP, mg/dL

Baseline 42+ 0.6 321105 0.43

12 Weeks 31+ 05 23406 03

Treatment effect 1.02 £ 0.27 -0.91 1 0.88 0.74

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CFP, caper fruit pickle; hs-CRP, high-sensitive C-reactive protein; TC, total cholesterol; TG, triglyc-
erides; WC, waist circumference

? Values as means =+ SE; P< 0.05 was considered as significant

5P values are related to the differences between the groups after 12 week of intervention evaluated by a linear regression model with baseline values as covariate

P values are related to the differences between the two studied groups; evaluated by independent samples t test
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