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Abstract

Background Liver disease related to alcohol consumption and non-alcoholic fatty liver disease (NAFLD) are

among the leading causes of liver fibrosis. Curcumin, due to its anti-fibrotic and anti-inflammatory effects, has been
proposed as a potential therapeutic agent. However, its clinical application is limited by poor stability, solubility, and
bioavailability. Nanocurcumin, a nano-formulated version of curcumin, overcomes these limitations. This study aims to
evaluate the efficacy of Nanocurcumin supplementation in improving fibrosis, steatosis, inflammation, and metabolic
status in patients with liver fibrosis of NAFLD origin.

Methods This double-blind, randomized, placebo-controlled trial is being conducted at the Gastroenterology
Clinic of Shariati Hospital (Tehran, Iran). Fifty patients aged 30 to 70 years are enrolled and randomly assigned to
the intervention or placebo group using a block balanced randomization method. The intervention group receives
one capsule of Nanocurcumin (40 mg, twice daily), while the placebo group receives an identical placebo capsule.
The primary outcomes include liver fibrosis and steatosis, assessed via FibroScan at baseline and at the end of the
study. Secondary outcomes include changes in inflammatory markers, metabolic parameters, liver function tests,
anthropometric measures, and blood pressure over the 16-week intervention period.

Discussion This trial is currently ongoing. Recruitment is expected to be completed by the end of 2024, and the trial
is anticipated to be fully completed by mid-2025. If Nanocurcumin supplementation demonstrates positive efficacy, it
may serve as a potential therapeutic approach for patients with liver fibrosis.
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Background

Non-alcoholic fatty liver disease (NAFLD) is an increas-
ingly prevalent condition, closely associated with modern
lifestyle factors such as poor diet, obesity, and sedentary
behavior [1]. It encompasses a spectrum of liver condi-
tions, ranging from simple steatosis (fatty liver) to non-
alcoholic steatohepatitis (NASH), which can progress
to liver fibrosis, cirrhosis, and ultimately liver failure or
hepatocellular carcinoma [2]. The liver’s crucial role in
metabolism, detoxification, and immune modulation
makes it particularly vulnerable to metabolic imbalances
and inflammatory processes inherent in NAFLD [3].

Liver fibrosis is a key factor in the progression of
NAFLD to more severe forms. It is characterized by
excessive accumulation of extracellular matrix proteins,
particularly collagen, leading to scarring and impaired
liver function [4]. This process is driven by chronic liver
injury and inflammation, which activate hepatic stellate
cells (HSCs) to transform into fibrogenic myofibroblasts
[5, 6]. Despite the significant global health burden posed
by liver fibrosis, current therapeutic options are limited,
and liver biopsy remains the gold standard for diagnosis
despite its invasive nature and associated risks [7-9].

Current treatment strategies for liver fibrosis primar-
ily focus on lifestyle modifications, such as weight loss
and dietary changes, which can effectively halt or reverse
fibrosis in some patients [10, 11]. However, adherence
to these lifestyle interventions is often poor, necessitat-
ing the development of pharmacological approaches.
Although anti-fibrotic drugs have shown potential in
preclinical studies, there is still a need for effective and
safe therapies that can be translated into clinical practice
[12-14].

Curcumin’s multi-faceted therapeutic properties make
it a promising candidate for liver fibrosis treatment [15].
Studies have demonstrated its ability to modulate various
molecular pathways involved in inflammation, oxidative
stress, and fibrogenesis [16—18]. However, the clinical
translation of curcumin has been limited by its pharma-
cokinetic challenges. Nanotechnology-based approaches
offer a potential solution by enhancing curcumin’s bio-
availability and improving its targeted delivery to the
liver [19, 20].

Emerging research highlights the potential of cur-
cumin, a polyphenolic compound derived from turmeric,
in managing various health conditions. Its therapeutic
effects are primarily attributed to its anti-inflammatory,

antioxidant, and anti-fibrotic properties. However, cur-
cumin’s clinical application is hindered by its poor bio-
availability, rapid metabolism, and low solubility in
bodily fluids [21-23]. To overcome these limitations,
nanotechnology has been employed to develop Nanocur-
cumin formulations, which enhance curcumin’s stability,
solubility, and bioavailability. Nano carriers such as lipo-
somes, polymer micelles, and solid lipid nanoparticles
have shown promise in improving the delivery and effi-
cacy of curcumin in various therapeutic contexts [19, 20].

This study aims to bridge the gap in clinical evidence
regarding the efficacy of Nano curcumin in treating liver
fibrosis of NAFLD origin. By conducting a randomized
controlled trial, we aim to generate data on the thera-
peutic potential of Nanocurcumin. This evidence will
help inform clinical practice and guide the development
of effective treatment strategies for liver fibrosis. The
primary objective of this study is to evaluate the efficacy
of Nanocurcumin supplementation in the treatment
and slowing of liver fibrosis and steatosis progression in
patients with NAFLD-related fibrosis. Secondary objec-
tives include assessing changes in inflammatory markers,
metabolic parameters, liver function tests, anthropomet-
ric measures, and blood pressure. The findings from this
study will contribute to a better understanding of Nano-
curcumin’s role in managing liver fibrosis and may sup-
port its potential as a therapeutic option for patients with
NAFLD-related fibrosis.

Methods

Trial design

This study is a parallel, randomized, double-blind, pla-
cebo-controlled trial (IRCT20210427051098N2), which
was approved by the institutional review board of the
Shahid Sadoughi University of Medical Sciences (SSUMS,
Yazd, Iran) and research ethics committee (approval ID:
IR. SSU. SPH.REC. 1401. 157) on January 29, 2023. This
protocol has been written according to the SPIRIT2013
(Standard Protocol Items: Recommendations for Inter-
ventional Trials) checklist (Supplementary) [24].

Setting

This study is conducted at the Gastroenterology and
Liver Clinic of Shariati Hospital affiliated with Tehran
University of Medical Sciences (Tehran, Iran). It should
be noted that this clinic serves as a major referral center
for liver diseases within the region.
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Eligibility criteria

Participants are adults aged 30 to 70 years are included
in the study according to the following criteria (Table 1).
Participants will be studied after obtaining the written
informed consent in Farsi language (Supplementary) by
the principle investigator of the study.

Intervention and control group

In this study, patients in the intervention group receive
one capsule of Nanocurcumin supplement (40 mg, twice
a day), while patients in the placebo group receive one
placebo capsules twice a day. These placebo capsules are
designed to be similar to the Nanocurcumin capsules in
terms of appearance, color, and smell. Both the Nanocur-
cumin and placebo capsules are prepared by Exir Nano
Sina (ENS) Company in Iran, using Maltodextrin in the
placebo capsules. Sufficient quantities of capsule-con-
taining bottles are delivered to patients at the beginning
of the study and at the end of weeks 4, 8, 12, and 16. It is
recommended that patients consume the capsules with a
main meal and cold water. Nausea, Vomiting and Diar-
rhea are the common side effects of Curcumin when used
as powder. However, incidence of these conditions using
nanomicellar Curcumin is significantly decreased. Addi-
tionally, dietary and physical activity recommendations
are provided to the patients in both groups.

Outcomes and measurements

Primary outcomes

Assessment of liver fibrosis and steatosis It is mea-
sured using transient elastography by fibroscan (Echo-
sens, Paris, France) [25, 26] at baseline and at the end of
the study (16 months). Evaluation of liver fat accumulation
and scarring The samegastroenterologist will use transient
elastography with fibroscan to investigate hepatic fibrosis
and steatosis in all patients at the beginning and end of
the trial. Patients will be instructed to assume a supine

Table 1 Participants eligibility criteria
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position and position their right hand above their head.
Next, the probe will be positioned on the right side of the
liver in the intercostal area of the patients. The measure-
ment of liver fibrosis will be reported in Kilopascal (Kpa).
The fibrosis assessment results will be interpreted based
on the METAVIR Score.

The stages are as follows:

FO: no fibrosis

F1: mild fibrosis, but liver structure and function are
still normal

F2: portal fibrosis with few septa

F3: numerous septa without cirrhosis

F4: cirrhosis, which is permanent scarring and liver
disease has progressed to the final stage [27].

The controlled attenuation parameter (CAP) test will be
utilized for evaluating steatosis, with the outcomes being
expressed in decibels per meter (dB/m). The CAP find-
ings will range from 100 to 400 dB/m, FibroScan is a non-
invasive technique that utilizes ultrasound technology
to assess liver stiffness and fat buildup. It offers depend-
able information on fibrosis and steatosis, eliminating the
necessity for a liver biopsy [28].

Secondary outcomes

Inflammatory markers Levels of key inflammatory cyto-
kine including high sensitivity c reactive protein (hs-CRP)
and erythrocyte sedimentation rate (ESR) will be quanti-
fied using Enzyme-linked immunosorbent assay (ELISA)
assays from blood samples collected at baseline and at the
end of the study.

Metabolic status Changes in metabolic parameters,
including fasting plasma glucose (FPG), Insulin, lipid
profile including, total cholesterol (TC), low-density lipo-

Inclusion criteria:
- Stage of Liver Fibrosis: Individuals with liver fibrosis stage > F2.

- Diagnosis: Liver fibrosis patients with the origin of non-alcoholic fatty liver disease (NAFLD) and referred to the Gastroenterology Clinic of the

Shariati Hospital affiliated with TUMS (Tehran, Iran).
Exclusion Criteria:

- Substance use: Individuals with a history of alcohol addiction, current use of alcohol, or substance abuse problems.
- Other liver diseases: Patients with other chronic or acute liver conditions, such as hepatitis B, hepatitis C, biliary diseases, autoimmune liver dis-
eases, or genetic disorders affecting liver metabolism (e.g.,, hemochromatosis or Wilson's disease).

- Pregnancy and lactation: Women who are pregnant or breastfeeding.

- Medication use: Individuals taking hepatotoxic drugs or undergoing treatment with anti-inflammatory drugs, corticosteroids, or hormones.
- Serious comorbid conditions: Individuals with severe lung or kidney disease, or active cancer.
- Dietary and medication changes: Patients who are on weight loss diets, have recently changed their medication regimen, or are using supple-

ments that could interfere with the study.

- Warfarin therapy: Individuals undergoing warfarin therapy due to the increased risk of bleeding and the potential for interaction with

Nanocurcumin.

- Participation willingness: Those unwilling to participate or adhere to the study protocol.
- Side effects of Nanocurcumin supplement: Patients who experience gastrointestinal complications after taking nanocurcumin.
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protein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C) and triglycerides (TG), will be mea-
sured using an ELISA kit at baseline and at the end of the
16-month period.

Liver factors and other biochemical assessment These
include alanine Aminotransferase (ALT), aspartate ami-
notransferase (AST), alkaline phosphatase (ALP), lac-
tate dehydrogenase (LDH), total bilirubin (T-Bil), direct
bilirubin (D-Bil) and gamma-glutamyl transferase (GGT)
levels, Albumin (ALB) and Platelets (PLT) which will be
measured using standard biochemical methods at base-
line and at the end of the study to assess liver function.

Anthropometric measures In order to measure height
accurately, the individual should be in an upright posi-
tion and without any footwear, with a precision of 0.5 cm.
Weight will be assessed using a digital scale while wearing
minimal clothing and being barefoot, with a precision of
100 g. The waist circumference (WC) will be assessed by
employing a tape measure positioned precisely between
the supra iliac bone and the final rib, with a precision of
0.5 cm. body mass index (BMI) can be calculated by divid-
ing the weight in kilograms by the square of the height in
meters.

Blood pressure The patient’s systolic blood pressure
(SBP) and diastolic blood pressure (DBP) will be assessed
using a mercury sphygmomanometer. This will be done
after the patient has rested for 5 min while sitting, and
the measurements will be taken from their right hand.
Prior to blood pressure examination, patients should
abstain from consuming alcohol, engaging in physical
activity, or smoking for a duration of one hour. Prior to
testing their blood pressure, it is necessary for individuals
to ensure that their bladder is empty. The patient’s blood
pressure will be measured twice, with a minimum time
interval, while they are in a resting state. Systolic blood
pressure corresponds to the pressure recorded imme-
diately after the detection of the initial korotkoff sound,
whereas diastolic blood pressure corresponds to the pres-
sure recorded when the korotkoff sound ceases. The aver-
age of the two values will be regarded as the systolic and
diastolic blood pressure.

Dietary recall and physical activity To maintain consis-
tency in the participants’ food intakes throughout the trial,
we will gather information on their nutritional intake by
conducting a 24-hour dietary recall, 3 days at the begin-
ning of the study and 3 days at the end of the study. The
distribution of these dietary recalls will occur on week-
days to encompass four for workdays and two weekends.
The reported foods in these recalls will be converted to
grams using the available booklets. The analysis will assess
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the average of intake based on six 24-hour dietary recalls
for each participant. Participants will be instructed to
maintain their current level of physical activity during the
study. In order to ensure accuracy, we will complete Phys-
ical activity questionnaire at the beginning and The end of
the study for each participant based on the International
Scientific Activities Questionnaire (IPAQ) [29]. To ana-
lyze the physical activity data, we will utilize previously
established criteria that provide the Metabolic equivalent
of task- hour/day (MET-h/day) values for different types
of physical activities. These guidelines take into account
the duration of each participant’s engagement in a specific
physical activity.

Both groups will receive general dietary and physi-
cal activity recommendations to ensure consistency and
minimize confounding factors. However, no specific
dietary modifications will be imposed that could inde-
pendently influence fibrosis, steatosis, inflammation, or
metabolic status.

Additional outcomes

Adherence and tolerability These are monitored
through patient diaries where capsule intake and any
adverse effects are recorded daily. If any participant expe-
riences symptoms or other intolerances during the study,
they will have the option to withdraw from the interven-
tion. Compliance will be further verified during biweekly
telephone check-ins and by counting returned capsules at
monthly visits.

Participant timeline
Time schedule of enrolment, intervention, and outcomes
assessments is shown in Table 2.

Sample size

The sample size is determined based on the study pri-
mary outcome (i.e., liver fibrosis). It was calculated using
G*Power version 3.1.9.2 using the values from the previ-
ous study [30]. Therefore, by considering the effect size of
0.9, type I error () of 5% and statistical power (f3) of 80%,
and an attrition rate of 10%, the total sample size was cal-
culated to be 50 patients, with 25 patients allocated to
each of group.

Randomization and blinding

Patients are randomly assigned to two groups using a block
balance randomization. Both the intervention and control
groups receive supplements, which are manufactured by
Exir Nano Sina (ENS) Company in Iran, and designed to
be indistinguishable in shape, color, size, and packaging
to maintain blinding. A third party, not involved in the
research, labels the containers with either “A” or “B,” which
keeps the researchers blind to the group assignment.
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Table 2 The schedule ofenrolment, interventions, and assessments*

Page 5 of 8

Study Period

Enrolment Allocation Post-allocation (16-weeks) Close-out(at the end of 16 weeks)
Timepoint** -t; 0 Ti-T16
Enrolment:
Eligibility criteria screening X
Informed consent obtaining X
Allocation X
Intervention X
Nano curcumin supplementation X
Placebo X
Assessments
Baseline measurements X X
Primary outcome X X
Secondary outcomes X X
Additional outcomes X X

Data management

Baseline and end-of-study assessments encompass a com-
prehensive range of tests. A total of 14 mL of blood will be
collected at baseline and at the end of the study. The blood
will be divided into separate aliquots to ensure accurate
biochemical analyses of inflammatory markers, metabolic
parameters, and liver function tests. Anthropometric
measurements including weight, height, waist circum-
ference, and blood pressure, are recorded by a research
nutritionist. Liver fibrosis and steatosis levels are evalu-
ated using FibroScan at the start and end of the study.

Data collection

Data will be collected at specified times throughout the
study, namely at baseline and at the end of the study. The
research staff will be receiving training on correct data
collection, entry, and management techniques to ensure
data accuracy and reliability.

Data recording

Data will be recorded on paper. Each participant will
be assigned a unique identification to anonymizes their
personal information and maintain confidentiality. The
paper documents will be stored in a secure area with lim-
ited access.

Data entry and verification

Data entry will be conducted by qualified individuals using
a database specifically created for this project. To mini-
mize errors, essential variables such as liver stiffness mea-
sures and biochemical indicators will be entered twice.
Any inconsistency between the entries will be addressed
by cross-referencing with the original paper records.

Data storage
All paper forms will be securely stored at Shariati Hospi-
tal. Access to the data will be limited to authorized study

personnel only, and all access will be logged to ensure
traceability.

Quality assurance

Regular audits of the data will be conducted to ensure
ongoing accuracy and completeness. These audits will
be performed by independent members of the research
team who are not directly involved in data collection.
Any issues identified during audits will be addressed
promptly to maintain the integrity of the data.

Data confidentiality

To protect participant confidentiality, all personal iden-
tifiers will be removed from the study data and replaced
with unique identification numbers. Only the principal
investigator and designated members of the research
team will have access to the key that linking these num-
bers to participant identities.

Data sharing and long-term storage

Data will be securely archived for at least 10 years after
the study is completed, in accordance with institutional
and ethical norms. Summary data can be disseminated
to the broader scientific community through publica-
tions and presentations at scientific events. Requests for
access to de-identified participant data for valid scientific
research will be reviewed by the study’s steering commit-
tee in accordance with ethical and regulatory guidelines.

Statistical analysis

In this study, data is statistically analyzed using SPSS
version 24 software. The Chi-Square test is utilized to
compare categorical variables between two groups.
Quantitative data will be assessed for normality, and the
data with normal distribution will be compared using
an independent sample t-test. Alternatively, the Mann-
Whitney U test will be employed for non-normally



Gerami et al. BMC Nutrition (2026) 12:45

distributed data. For outcome analysis, the ANOVA/
ANCOVA will be used. A statistical significance level of
P<0.05 will be considered.

Results

This trial is currently ongoing. Recruitment is expected
to be completed by the end of 2024, and the trial is antici-
pated to be fully completed by mid-2025.

Discussion

In the present study, we evaluated the efficacy of nano
curcumin supplementation on liver fibrosis patients
with non-alcoholic fatty liver origin. Liver fibrosis, a
major public health concern, significantly impacts how
liver disease progresses and raises the risk of hepa-
tocellular carcinoma (HCC). Studies show that if the
cause of liver fibrosis is addressed, the scarring can be
reversed. This highlights the urgent need for new medi-
cations (anti-fibrotic therapies) to prevent liver fibrosis
from worsening and to stop HCC development. How-
ever, despite promising results in animal studies, many
potential anti-fibrotic drugs have been absent or limited
in human trials [31]. Nano curcumin, with its enhanced
bioavailability and anti-inflammatory and antioxidant
properties, presents a promising therapeutic option for
liver fibrosis [2].

Curcumin’s poor absorption has historically limited its
therapeutic potential in treating liver fibrosis. The devel-
opment of nanocurcumin formulations aims to overcome
these limitations and enhance its therapeutic efficacy
[32]. Previous studies have demonstrated curcumin’s
ability to reduce liver enzymes and improve histological
markers of liver health, which are promising for treating
liver fibrosis and NAFLD [33, 34]. This study builds on
these findings by using a nano-formulated version of cur-
cumin to explore its potential for providing meaningful
clinical benefits.

However, it is important to note that while extensive
research has been conducted on the anti-fibrotic effects
of curcumin in molecular and laboratory phases, there is
limited work in the human phase. Specifically, as far as
we know, no studies have focused on the Nano curcumin
format in patients with liver fibrosis. Some research
involving curcumin or Nano curcumin has been con-
ducted on fatty liver patients, some of whom had fibro-
sis. Our study uniquely targets patients with liver fibrosis
exclusively, thereby providing focused insights into this
subgroup.

Among the many challenges in running and oversee-
ing a clinical trial involving dietary supplements such as
Nano curcumin are making sure participants follow the
supplementation regimen and the strict follow-up time-
table required to evaluate long-term effects on liver fibro-
sis and steatosis. Assessing the actual efficacy of Nano
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curcumin requires the placebo-controlled, double-blind
methodology, but maintaining blinding and addressing
possible biases requires careful implementation.

Although our study is the first to evaluate the effective-
ness of nanocurcumin supplementation in liver fibrosis
over a relatively appropriate timeframe, it has certain
limitations. First, this is small-scale trial, which may
restrict the generalizability of the findings. Second, the
study population is limited to patients with liver fibro-
sis of NAFLD origin, potentially excluding other sub-
sets of liver fibrosis, such as those caused by alcoholic
liver disease or other etiologies. Third, many patients
with NAFLD often present with comorbidities such as
obesity, diabetes, and metabolic syndrome, which could
confound the treatment outcomes and limit the ability to
isolate the effects of the intervention.

The findings of this study will contribute to the growing
body of evidence supporting Nanocurcumin as a poten-
tial therapeutic option for liver fibrosis. However, further
large-scale studies with longer follow-up time are needed
to explore long-term benefits, optimal dosing strate-
gies, and potential interactions with other treatments of
Nanocurcumin.

If the trial demonstrates positive effects on fibrosis
and steatosis, it would provide a basis for further inves-
tigation in larger, multicenter studies. In conclusion,
Nanocurcumin supplementation is being evaluated as a
potential intervention for liver fibrosis; however, addi-
tional research is required before it can be considered for
clinical application.

Abbreviations

NAFLD Non-alcoholic fatty liver disease
NASH Non-alcoholic steatohepatitis

HSCs Hepatic stellate cells

ENS Exir Nano Sina

CAP Controlled attenuation parameter
hs-CRP High sensitivity c reactive protein

ESR Erythrocyte sedimentation rate

ELISA Enzyme-linked immunosorbent assay
FPG Fasting plasma glucose

TC Total cholesterol

LDL-C Low-density lipoprotein cholesterol
HDL-C High-density lipoprotein cholesterol
TG Triglyceride

ALT Alanine Aminotransferase

AST Aspartate aminotransferase

ALP Alkaline phosphatase

LDH Lactate dehydrogenase

T-Bil Total bilirubin

D-Bil Direct bilirubin

GGT Gamma-glutamyl transferase

ALB Albumin

PLT Platelets

WC Waist circumference

BMI Body mass index

SBP Systolic blood pressure

DBP Diastolic blood pressure

IPAQ International Scientific Activities Questionnaire
MET-h/day ~ Metabolic equivalent of task- hour/day
HCC Hepatocellular carcinoma
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