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A scientifically validated
combination of garcinol,
curcuminoids, and piperine for
mild to moderate nonalcoholic
steatohepatitis patients—results
from a randomized, double-blind,
placebo-controlled study

Muhammed Majeed*?, Kalyanam Nagabhushanam?,
Mazen Noureddin®, Shaji Paulose?, Chinmoy Barik?,
Santosh Saklecha® and Lakshmi Mundkur*

!Sami-Sabinsa Group Limited, Bangalore, Karnataka, India, 2Sabinsa Corporation, East Windsor, NJ,
United States, *Houston Liver Institute, Houston Research Institute, Houston, TX, United States, “JNM
Hospital, Kalyani, West Bengal, India, *Santosh Hospital, Bengaluru, Karnataka, India

Background: Garcinol is a naturally occurring compound from the fruit rind
of the Garcinia indica, with antioxidant, anti-inflammatory, and anticancer
properties. Curcuminoids are the active molecule from the rhizome of Curcuma
longa, studied extensively for its health benefits as an anti-inflammatory and
antioxidant activities. Non-alcoholic steatohepatitis (NASH) is the progressive
form of nonalcoholic steatohepatitis characterized by liver fat and inflammation.

Objective: To evaluate the clinical efficacy and safety of Garcinol, Curcuminoids
and piperine (GCP) combination in patients with mild to moderate NASH in a
randomized, double-blind, placebo-controlled study.

Methods: The patients received one tablet (450mg) of GCP containing
garcinol-50 mg, curcuminoids —250 mg and piperine 5mg or a placebo (450 mg
of microcrystalline cellulose) twice daily for 90days. Changes in circulating
aspartate aminotransferase (AST), alanine transaminase (ALT) levels, liver stiffness
measurement (LSM), and controlled attenuation parameter (CAP) using Fibroscan
were compared from baseline to day 90. Anthropometric parameters, serum
levels of lipids, Interleukin (IL-6), hsCRP, and adiponectin were estimated. Safety
was evaluated by laboratory parameters and by monitoring adverse events.

Results: Seventy-two patients were randomized and 63 (GCP = 32, Placebo = 31)
completed the study. The mean age of the patients was 48.3 + 8.7 years (36 males
and 27 females). The mean reduction in AST (U/L) was 9.53 in GCP and 3.16 in
placebo (p<0.001) and that of ALT (U/L) was 13.47 in GCP and 743 in Placebo
(p =0.002). The liver stiffness and CAP scores showed a better reduction in GCP
(0.56kPa and 12.38 db/m) compared to placebo (0.064kPa and 10.42 db/m)
p<0.05. Consequently, the noninvasive Fibroscan-AST (FAST) score reduction
was also found to be significant in GCP compared to placebo. Additionally,
body weight, lipid levels, hsCRP, and IL-6 in serum decreased, while adiponectin
levels increased in GCP-supplemented participants compared to placebo. The
combination of garcinol and curcuminoids was well tolerated with no significant
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changes in hematological and clinical laboratory parameters during the 90-day

supplementation.

Conclusion: Our results suggest that GCP could be a possible supplement for the
management of NASH.

Clinical trial registration: https://clinicaltrials.gov/, identifier CTRI/2019/11/022147.
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nonalcoholic steatohepatitis, curcuminoids, garcinol, piperine, Fibroscan, liver stiffness,

FAST score

1 Introduction

Nonalcoholic fatty liver disease (NAFLD) is a chronic liver disease
caused by the accumulation of excess liver fat in the absence of
excessive alcohol consumption or any other liver injury. The rise in
obesity and metabolic syndrome across the globe has increased the
prevalence and severity of the disease, rendering it the most common
indication for liver transplantation (1). About 10-20% of individuals
with NAFLD progress to nonalcoholic steatohepatitis (NASH), an
inflammatory progressive disease with a higher risk of liver cirrhosis
and hepatocellular carcinoma (2).

The most alarming fact about NAFLD is its asymptomatic nature
which may remain unnoticed for years (3). The incidence of NAFD is
exponentially increasing, with a global prevalence of 30.05% in adults
and an alarming increase in pediatric population (4, 5).

The prevalence of NAFLD is 75% in overweight people and 90% in
obese individuals, suggesting obesity (6) to be a major risk factor. The
disease is regarded as the hepatic manifestation of metabolic syndrome
and is found to be associated with type-2 diabetes, high body-mass
index, insulin resistance, polycystic ovarian syndrome, hyperlipidemia,
and old age. Although drug discovery for NAFLD is a priority, no drug
has been approved by the United States Food and Drug Administration
or the European Medicines Agency till today (7, 8).

The most effective treatment for fatty liver and NASH is lifestyle
changes like exercise, caloric restriction, and nutrition. Vitamin E,
pioglitazone, and new diabetic medications are used to treat NASH
and its progressive conditions. Natural extracts and herbal products
offer an alternate treatment for NAFLD. Curcuminoids refer to the
three natural molecules: Curcumin (75-81%), Demethoxycurcumin
(15-19%), and Bisdemethoxycurcumin (2.2-6.5%), present in the
Curcumin C3 complex, the commercial extract from Curcuma longa
rhizomes (turmeric). Garcinol is a polyisoprenylated benzophenone,
extracted from the fruit rinds of Garcinia indica (Figure 1).

Curcuminoids were suggested to be a promising treatment for
NAFLD in a meta-analysis of randomized clinical trials with a
significant reduction in ALT, AST, and NAFLD severity (9, 10).
Curcumin C3 complex at a dose of 500 mg with 5mg piperine was
reported to reduce NAFLD severity and decreased the serum levels of
tumor necrosis factor, and monocyte chemoattractant protein in
NAFLD patients (11). In another trial, Curcumin C3 complex at the
same dose was reported to reduce ALT, AST, and lipid levels (12).
Garcinol has been evaluated as an effective supplement for weight loss
but has not been studied for NAFLD (13, 14). We have earlier reported
that the combination of curcuminoids and garcinol was significantly
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more effective than the individual treatment in controlling the
progression of liver steatosis to inflammation and fibrosis in the Stelic
animal model (STAM™) model of NASH (15). In the present study,
we explored the clinical efficacy of the combination of garcinol and
curcuminoids with piperine in patients with mild to moderate NASH
without liver cirrhosis. We used piperine as a bioenhancer in the
present study, as the bioavailability of curcumin is known to increase
in the presence of piperine (16). Bioenhancers are chemical entities,
which promote and augment the bioavailability of natural molecules
and drugs without showing any significant effect on their own. Piperine
has been shown to increase the bioavailability of several natural
products and drugs including curcumin (16-21). The dose of 250 mg
of curcuminoids and 50 mg of 20% Garcinol, was derived from the
preclinical study reported earlier (15).

2 Materials and methods

2.1 Materials

The test material was a combination of 20% garcinol from
Garcinia indica (Livinol®—50 mg), 95% curcuminoids from Curcuma
longa (Curcumin C3 Complex®—250 mg), and 95% piperine from
Piper nigrum (BioPerine®—5mg) as a bioavailability enhancer,
referred to as GCP. This blend was formulated into a tablet (450 mg).
The placebo tablet was formulated using microcrystalline cellulose
(450 mg). The product was provided by Sami-Sabinsa Group Limited
(LivLonga®). The details of the formulation are given in
Supplementary methods section.

Curcumin C3 Complex was extracted from the dried rhizomes of
Curcuma longa. In nature, the three curcuminoids exist together with
Curcumin being the most abundant. The Curcumin C3 Complex used
in the present study is composed of curcumin (75-81%),
demethoxycurcumin (15-19%), and bisdemethoxycurcumin (2.2-
6.5%). The product was standardized to contain not less than 95% w/w
curcuminoids, with curcumin (80.22%), demethoxycurcumin
(17.1%), (2.68%) as per US
pharmacopeial specifications.

Garcinol was extracted from the dried fruit rind of Garcinia indica,

and bisdemethoxycurcumin

concentrated, and crystallized to get the pale-yellow needle-like crystals
of garcinol with 75-80% purity. This 75-80% w/w of garcinol was diluted
using microcrystalline cellulose to get 20% garcinol, containing around
5-7% of plant material, contributing to its stability at room temperature.
Piperine was extracted from black pepper fruits (Piper nigrum) and
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FIGURE 1
Structure of the active phytochemicals in the formulation. The structures of the Cucuminoids (A—C), Garcinol (D), and Piperine (E) present in the
formulation.

standardized to contain 95% piperine. The HPLC chromatograms of
Garcinol, Curcumin C3 Complex and Piperine are included in
Supplementary Figures S1-S3.

GCP was formulated with garcinol (50mg), curcuminoids
(250 mg), and piperine (5 mg).

2.2 Analysis of GCP

Garcinol was again estimated by HPLC using a C18 ODS column,
4.6mm (diameter) x 250mm (length) with particle size 5p. The
mobile phase consisted of 100% acetonitrile at a flow rate of 0.7 mL/
min. A Photodiode array detector was used to detect garcinol at
240nm. The additional early eluting peaks seen in the chromatogram
are due to curcuminoids and piperine (Figure 2A).

Curcuminoids and Piperine were analyzed by HPLC using a C18
ODS column, 4.6 mm (diameter) x 250 mm (length) with particle size
5. The mobile phase consisted of tetrahydrofuran with 0.1% w/v
citric acid solution in the ratio 40:60 at a flow rate of Il mL/min. A
Photodiode array detector was used to detect curcuminoids at 420 nm
(Figure 2B) and piperine at 341 nm (Figure 2C). and piperine at
341 nm using a UV detector Additional late eluting peaks seen in the
chromatogram of piperine are due to curcuminoids.

2.3 Study design and ethics

A randomized, double-blind, placebo-controlled study was
conducted from October 2020 to November 2021 in India. The study
was designed at four centers; however, executed only at two sites,
JNM Hospital, Kalyani, West Bengal, and Santosh Hospital,
Bangalore, as the other two centers could not recruit any patients. All
study documents were reviewed and approved by the institutional
ethics committee of MS Ramiah Medical College and Hospital as per
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the study protocol number CPL/79/G&C_NASH/JUN/19 on 24
December, Dr. Satyprakash’s Center for Digestive and liver diseases,
11 October 2019, College of Medicine and JNM Hospital, 22 June
2020 and Santosh Hospital, 21 January 2021. The study was conducted
following Good Clinical Practice as required by the International
Conference on Harmonization. The trial was registered prospectively
with the Clinical Trial Registry of India (CTRI) with the registration
number CTRI/2019/11/022147.

2.4 Sample size

The sample size was calculated for an alpha error of 0.05 and
power at 80% based on the proportion of subjects with an effective
response at the end of the treatment period. The details of the
calculations are given in Supplementary material section.

2.5 Study population

2.5.1 Inclusion criteria

The study included male and female participants (30-65 years) with
mild to moderate (< stage 2) nonalcoholic steatohepatitis (NASH) with
or without fibrosis as diagnosed by elevated ALT and Ultrasonography.
Normal echotexture of the liver was graded as the absence of steatosis
(score 0), a slight and diffuse increase of liver echogenicity with normal
visualization of the diaphragm and portal vein as mild (score 1), a
moderate increase of liver echogenicity with an impaired appearance of
the diaphragm and portal vein as moderate (score 2), and as severe
(score 3), when the liver echogenicity showed a marked increase with
poor or no visualization of the portal vein wall, diaphragm, and
posterior part of the right liver lobe (22). The participants had a body
mass index (BMI) in the range of 25-35kg/m* and had controlled
diabetes, hyperlipidemia, or hypertension for at least 3 months before
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FIGURE 2

Representative HPLC profile of GCP. The formulation GCP was analyzed for the individual components using HPLC. (A) Garcinol is analyzed by reverse
phase HPLC using Acetonitrile as mobile Phase and UV detector at 240 nm. (C) Curcuminoids (detected at 420 nm) and piperine (detected at 341 nm)
were analyzed by reverse phase HPLC using Tetrahydrofuran and 0.1% Citric acid in the ratio of 40:60 (v: v) as (B) mobile phase.
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screening. Other inclusion criteria were agreeing to use a barrier
method of contraception during the study period for female patients
and agreeing to adhere to assessments and visit schedules. Informed
consent to participate in the study was signed by all the participants.

2.5.2 Exclusion criteria

Individuals with liver enzymes three times higher than the
upper limit of the normal, fatty liver caused by viral hepatitis,
autoimmune hepatitis, Wilson disease, any drugs, or alcoholism,
as defined by the inability to control drinking due to both physical
& emotional dependence on alcohol, were excluded from the
study. Patients with biliary tract disease, diabetes (HbAlc >7.2%),
dyslipidemia, endocrine diseases, and clinical suspicion of
advanced liver disease, cirrhosis, or malignancy were also
excluded from the study. Other criteria for exclusion were a
history of renal, pulmonary, epileptic, hematologic, cardiovascular,
neurological, or psychiatric illness, immunodeficiency diseases,
positive HIV test results, and participation in any other clinical
trial within the last 3 months.

2.5.3 Randomization

Subjects were randomized using a predetermined block
randomization schedule generated using a computer-based
randomization software (SAS 9.3), prepared by a statistician,
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independent of the sponsoring organization, and not involved in the
conduct or reporting of the study. The randomization codes were kept
strictly confidential and were accessible only to authorized persons on
an emergency basis as per the standard operating procedures until the
time of unblinding.

2.5.4 Intervention

The study participants were instructed to consume active (GCP-
450mg tablet) or a matching placebo containing microcrystalline
cellulose (450 mg tablet) twice a day after breakfast and dinner for
90 days. Compliance was assessed by recording the number of tablets
dispensed to and administered by the subject and returned at each
visit in the case record form. All the patients enrolled in the study were
asked to initiate lifestyle changes (a healthy diet with cardio/exercise
for 5days a week for at least 30min) along with placebo or
GCP supplements.

2.6 Outcome

The primary efficacy endpoint was the mean changes in AST, and
ALT enzymes from the screening visit to day 90 and the changes in
liver fat content as measured by Fibroscan with CAP from the baseline
visit to day 90. The secondary endpoints included changes in liver
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parameters (total bilirubin, alkaline phosphatase), lipid Profile (LDL,
VLDL, HDL, TC, and TG), glycemic Profile (fasting glucose, HbAlc),
biomarkers (IL-6, hs-CRP, adiponectin), anthropometric parameters
(BMI, abdominal circumference) from baseline to day90 and safety
outcome by the incidence of adverse events.

2.6.1 Transient elastography

The transient elastography devices used in this study were
Fibroscan 430 Mini Plus (Echosens, France) by trained nurses and
physicians. Fibroscan analysis was performed after 3h of fasting.
Patients were placed in a supine position and measurements were
done by scanning the liver lobe through an intercostal space. CAP is
an average estimate of ultrasound attenuation at 3-5MHz and is
expressed in db/m. LSM by VCTE is an average estimate of stiffness
(Young’s modulus) at a shear wave frequency of 50 Hz and is expressed
as kPa. Only examinations with at least 10 valid individual
measurements were deemed reliable.

2.6.2 Biochemical analysis

Fasting blood samples (10mL) were collected from each participant,
via venipuncture with a Vacutainer system (Becton Dickinson
Biosciences, NJ, United States) by trained laboratory staff (EDTA treated
tubes for hematology and untreated tubes for biochemistry tests).
Hematological indices were measured by Sysmex XN1000 (Sysmex
Corporation, Kobe, Japan); and biochemical indices by Cobas 400 (Roche
Diagnostics, Mannheim, Germany) per manufacturer’s instructions.
Biomarkers IL6 and adiponectin were measured using commercial ELISA
kits as per manufacturer’s instructions.

The FibroScan-AST (FAST) score is a noninvasive diagnostic
score, which takes the LSM, CAP measurements by Fibroscan, and the
AST values into consideration, and provides an efficient method to
identify patients at risk of progressive NASH in clinical trials or
treatments (23). The FAST scores were calculated from LSM, CAP, and
AST values using the equation,

FAST = {exp (—~1.65+1.07xIn(LSM)

+2.66x1078 x CAP® —63.3x AST ')}
/{1 +exp (~1.65+1.07x In(LSM)

+2.66x1078 x CAP® —63.3x AST ')}

as described earlier (23). All biochemical parameters were
evaluated in a centralized lab with NABH accreditation as per the
regulatory requirement (EIbit Diagnostics, Bangalore). Safety was
evaluated by laboratory hematological, urinary, and biochemical
parameters and by monitoring any incidence of adverse events.

2.7 Statistical analysis

All the statistical analysis was carried out by an independent
statistician who was blinded to the study. A descriptive univariate
analysis of demographic and clinical variables was performed by
STATA Software version 16.0. The data gathered was considered
as either continuous or categorical variables. All the analysis was
conducted on the study population who completed the study. For
continuous variables, the normality of distribution was tested by
a one-sample Shapiro-Wilk normality test. The quantitative
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variables were described either as mean and standard deviation
or median and interquartile range based on the normality. The
primary and secondary efficacy endpoints were compared
between the groups by Mann-Whitney U tests. Repeated
measures one-way ANOVA followed by Dunnett’s post-hoc test
were performed for comparing the parameters at every visit with
baseline values, within the group to understand the trend in their
change. The categorical variables were compared by Chi-square
test and the frequency and percentage of the population were
presented. The change in quantitative variables from baseline to
end of the study was compared to differentiate the treatment
effect between the treatment groups. The level of statistical
significance is defined as p < 0.05.

3 Results

3.1 Demographic and baseline
characteristics

A total of 72 patients were randomized to active and placebo
groups at baseline. Nine patients were lost to follow-up, and 63
participants completed the study, 32 in active (14 male and 18 female)
and 31 (22 male and 9 female) in the placebo group (Figure 3). The
baseline characteristics of the two groups were comparable. All the
participants were Asian and had no history of smoking, drug abuse,
or alcoholism. The median ALT and AST values were 69.92+1.1 and
61.9+1.7IU/L, respectively. As per ultrasound analysis, 38.1%
(n=24) patients had grade 1 fatty liver, and 61.9% (N=39) had a
grade 2 stage of fatty liver. The median LSM value was 11 (7.0-12)
kPa, and 79.3% had a score higher than >7.0kPa. The median CAp
value was 266 (254-282) db/m, and 63.5% of patients showed over
34% fat deposition in the liver (Table 1). Five patients were given
metformin at 500 mg/day (four in placebo and one in GCP) during
the study. All the patients (both in placebo and GCP groups) enrolled
in the study were asked to walk for 30min, 5days a week. The
instruction for a healthy diet included avoiding fried and processed
food and consuming home-cooked food. The patients were not
treated with any pharmacological drug for NAFLD during the
study period.

3.2 Primary endpoints

3.2.1 Change in liver transaminases

The primary efficacy endpoints were the changes in Fibroscan
score for liver stiffness and fat accumulation and the change in serum
levels of liver transaminases from baseline (day 0) to the end of the
study (day 90). The mean reduction in AST in the GCP-supplemented
patients from baseline to the end of the study was 9.531U/L (15.1%)
which was significant (p <0.001) compared to placebo (3.16I1U/L)
(Table 2). The mean AST reduced from 60.74 +14.7 to 57.58 +19.2 in
placebo and from 63.09+16.9 to 53.56+17.3, p<0.001 in patients
supplemented with GCP for 90days. Similarly mean ALT values
reduced from 69.16+14.9 to 61.73+22.8 in placebo and 70.69 + 14.3
to 57.22+18.9 in GCP, a mean reduction of 13.5IU/L (19.1%) in
90 days, significantly (p <0.001) better than placebo (7.41U/L, 10.6%)
(Table 2).
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FIGURE 3
Consort diagram. Consort flow diagram showing the details of enrollment and disposition of participants.
TABLE 1 Demographic and baseline characteristics.
Characteristics PLACEBO (N = 31) GCP (N =32) Overall (N =63) P-value
Age (years) ‘ 48.74+9.1 ‘ 47.88+8.5 48.30+8.7 ‘ 0.61
Gender
Male 22 (70.9%) 14 (43.8%) 36 (57.1%)
0.04
Female 9 (29.03%) 18 (56.3%) 27 (42.9%)
Height (cm) 167.29+9.5 163.32+£9.9 165.27£9.9 0.12
Weight (kg) 83.72£9.6 79.03+£9.2 81.34+9.6 0.052
BMI (kg/m?) 29.75+£2.4 29.79£2.5 29.77+2.4 0.93
WC (cm) 98.40+11.0 97.04+9.5 97.71+10.2 0.50
FBS 111.08 £25.1 109.48 +15.1 110.28 +20.8 0.82
Liver Enzymes (IU/L)
AST 60.74+14.7 63.09+£16.9 61.9+1.7 0.19
ALT 69.16+£14.9 70.69+14.3 69.92+1.1 0.27
USG analysis
Fatty liver grade I 10 (32.3%) 14 (43.8%) 24 (38.1%)
0.43
Fatty liver grade II 21 (67.7%) 18 (56.3%) 39 (61.9%)
Fibroscan analysis
CAP (db/m) 267.0 (255, 282) 264.0 (253.3,286) 266 (254-282) 0.75
LSM (kPa) 11.10 (7.4, 12.0) 11.60 (7.5-12.5) 11 (7.0-12.0) 0.32

The values represent mean + standard deviation for parametric and median and interquartile values for nonparametric data, except for gender and USG analysis where the number of
participants and percentage are given. Continuous variables were compared by the Mann Whitney U test and categorical variables by the Chi-Squared test. WC, waist circumference; Hb1AC,
Glycated hemoglobin; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; USG, Ultrasonography. *p <0.05 between active and placebo.
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TABLE 2 The change in liver transaminases, liver fat and stiffness from baseline to day 90 as primary end points.

Parameter Group Day 0 Day 90 Mean change D90- DO P1
Placebo 60.74+14.7 57.58+19.2 ~3.16 (=6.78, 0.47)
AST (IU/L) <0.001
GCP 63.09£16.9 53.56+17.3% —9.53 (~12.79, —6.27)
Placebo 69.16+14.9 61.73+22.8% ~7.43 (~13.12, —1.75)
ALT (IU/L) 0.002
GCP 70.69+14.3 57.22+18.9% ~13.47 (~18.43, —8.51)
Placebo 9.80+3.00 9.86+2.56% 0.064 (~0.89, 1.03)
LSM (kPa) 0.001
GCP 10.23+3.38 9.60+2.87%% ~0.56 (~1.4,0.26)
Placebo 270.5+22.36 260.1+30.75 ~10.42 (~21.59,0.75)
CAP (db/m) 0.03
GCP 269.6+22.17 257.2421.42% ~12.38 (~17.37, =7.38)
Placebo 0.54+0.12 0.49+0.17 —0.04 (—0.088, 0.008)
FAST Score 0.001
GCP 0.55+0.17 0.46+0.17%% —0.08 (—0.12, —0.04)

The Mean + Standard deviation values are represented in the table. The mean change and 95% confidence interval of the mean are given for the difference from day 0. Paired T test was used to
compare the changes in the parameters from days 0 to 90 within placebo and GCP. Mann-Whitney U tests was used for the comparison of change in the values from days 0 to 90 between the
groups. ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; CAP, Controlled attenuation parameter (fat attenuation by Fibroscan); LSM, Liver stiffness measurement by
Fibroscan; FAST, Fibroscan AST score. *P<0.05, *¥P<0.01, from baseline to end of the study within the groups. P1: The significance of the change in the parameter between placebo and GCP,

Normal values of AST - 8-481U/L and ALT- 7-55TU/L.

3.2.2 Change in liver fat and fibrosis

The Fibroscan data showed a significant (p <0.001) mean reduction
in liver stiffness of 0.57kPa [10.23 +3.38 to 9.66 £ 2.87] in GCP compared
to an increase of 0.06kPa [9.80+3.00 to 9.86+2.56] in placebo. The
reduction in liver stiffness was 5.5% in GCP compared to placebo, which
was statistically significant (p=0.001). The CAP score decreased by
12.4db/m in GCP [269.6+22.17 to 257.2+21.42] versus 10.4db/m in
placebo [270.5+22.36 to 260.1 +30.75]. The reduction in fat attenuation
was 4.6% in GCP compared to 3.8% in placebo (p=0.03). We calculated
the FAST score, which identifies patients at risk of progressive NASH
(23, 24). The FAST score showed a significant reduction in the GCP
group [0.55+0.17 to 0.46+0.17 P0.001], while it was [0.54+0.12 to
0.49+0.17], accounting for a 16.3% reduction by GCP which was
significantly better than 9.2% in placebo (p=0.001) (Table 2).

3.2.3 The trend in the decrease of liver enzymes
within the groups

The liver transaminases were monitored every month to
understand their change within the group. The decrease in liver
enzymes was observed at day 30 and continued up to day 90 in
GCP. The placebo group also showed a reduction in ALT and AST,
which could be because of exercise, although the effect was lower than
that observed in GCP (Figure 4).

3.2.4 Gender and concomitant medicine

Gender-specific analysis retained the effect of GCP in males, while
in females, only liver stiffness was significantly better than placebo,
which could be due to the lower number of females in the placebo
(Supplementary Tables SIA,B). Five participants were taking
metformin to control diabetes (4 in placebo and 1 in GCP). Excluding
these participants from the analysis did not change the outcome of the
study (Supplementary Tables S2A,B).

3.3 Secondary endpoints
3.3.1 Lipid profile

Interestingly we observed a reduction in total cholesterol (13.8 vs.
1.96 mg/dL), triglycerides (23.75 vs. 8.59mg/dL), LDL-C (6.5 vs.
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3.6mg/dL), and VLDL-C (5.1 vs. 1.71mg/dL) with GCP
supplementation in comparison to placebo (Table 3). Repeated
measure ANOVA analysis showed a significant trend in total
cholesterol, triglycerides, and VLDL-C decrease in GCP (p <0.01), but
the trend in LDL-C decrease was not significant (Table 3). HDL-C
levels were not affected by GCP and placebo (Table 3).

3.3.2 Body weight and metabolic markers

The mean body weight (2.28 vs. 0.3kg), BMI (1.18 vs. 0.01), and waist
(145 vs.
GCP-supplemented patients compared to placebo. Body weight decrease
was observed in 90.6% of patients in GCP (29/32) compared to 29%
(9/31) in placebo. Similarly, waist circumference and BMI also decreased

circumference 0.35cm) decreased significantly in

in over 90% of patients in GCP compared to 30% in placebo. Body weight,
abdominal circumference, and BMI reductions were significantly better
in GCP compared to placebo. Total bilirubin decreased, and we observed
a nonsignificant and clinically irrelevant increase in alkaline phosphatase
levels in patients supplemented with GCP. Fasting blood sugar showed a
decrease in both groups and was not significant in GCP compared to
placebo, while HbA1c did not change in both groups (Table 4).

3.3.3 Inflammatory markers

The inflammatory cytokine Interleukin-6 and C reactive protein
showed a significant decrease by 0.64 pg./mL and 3mg/L in GCP, which
was significant compared to placebo. Adiponectin, the hormone which
prevents lipid storage and protects the liver from inflammation and
fibrosis, increased from the baseline values by 1.45pg/mL (13.5%) in
GCP, while placebo showed no effect on adiponectin levels (Figure 5).

3.4 Safety parameters

Statistical analysis of safety was performed for all the patients who
completed the study. Mild adverse events were reported by three
participants from the placebo group. The events were resolved without
any medication and were not related to the study medication (Table 5).
No adverse event was reported in the GCP group. There were no
significant differences between the treatment groups for the clinical
laboratory examination results. All the laboratory parameters were
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TABLE 3 Effect of GCP on lipid parameters.

Parameter = Group Repeated P-value*
measure ANOVA

TC Placebo 258.19+37.45 248.77+45.1 251.5+42.45 256.23+44.37 0.350 <0.001
Difference from day 0 —9.42 (—21.88,3.04) —6.69 (—20.75, 7.36) —1.96 (—17.46, 13.52)
GCP 261.21+33.98 252.78+37.2% 252.72+31.46% 247.38+27.32% <0.001
Difference from day 0 —8.43 (—13.70, —3.16) —8.49 (—14.18, —2.81) —13.83 (—20.92, —6.75)

TG Placebo 192.68 +42.07 180+45.52 187.57 +44.26 184.09 +56.20 0.597 <0.001
Difference from day 0 —12.68 (—30.13, 4.77) —5.11 (—19.7,9.47) —8.59 (—25.91, 8.73)
GCP 191.13+40.72 182.34+45.03 172.91+49.19 167.38+25.17 0.008
Difference from day 0 —8.79 (=21.65, 4.07) —18.22 (—32.26,-4.20) —23.75 (—40.16, —7.35)

LDL Placebo 142.26+26.95 132,16 +£24.36 133.21+20.47 138.6+27.33 0.099 0.001
Difference from day 0 —10.10 (—20.05,- 0.13) —9.05 (—20.57, 2.46) —3.66 (—14.54,7.22)
GCP 143.21+19.97 137.94+21.85 140.13+19.13 136.66+13.13 0.202
Difference from day 0 —5.27 (—10.94, 0.40) —3.08 (—9.68, 3.51) —6.55 (—13.38,0.27)

VLDL Placebo 43.26+8.85 40.16+10.34 42.09+9.47 41.55+12.76 0.449 0.005
Difference from day 0 —3.10 (—6.56, 0.37) —1.17 (—4.10, 1.77) —1.71 (-5.22,1.82)
GCP 43.75+8.6 41.91+9.81% 39.59+10.66* 38.69+6.20% 0.003
Difference from day 0 —1.84 (—4.49, 0.80) —4.16 (—6.96, —1.35) —5.06 (—8.47,- 1.65)

HDL Placebo 39.29+5.14 38.23+3.87 36.79+3.08 37.35+3.66 0.008 0.050
Difference from day 0 —1.06 (=2.12, —0.01) —2.5(—4.27,-0.72) —1.94 (—3.43, -0.45)
GCP 40.22+3.47 40.0+3.09 39.47+2.49 39.5+2.23 0.215
Difference from day 0 —0.22 (—0.88, 0.75) —0.75 (—1.82,0.32) —0.72 (—1.65,0.21)

The Mean + Standard deviation values are represented for lipid levels. The mean change and 95% confidence interval of the mean are given for the difference from day 0. Repeated measure
ANOVA and Dunnett’s post-test (*), with day 0 values as control, were used to compare the changes in the parameters within placebo and GCP. Mann-Whitney U tests was used for the
comparison of change in the values from day 0 to day 90 between the groups. TC, Total cholesterol; TG, triglycerides; LDL, Low-density lipoprotein cholesterol; HDL, High-density lipoprotein
cholesterol. *P<0.05, **P<0.01, **#P<0.001 from baseline to end of the study within the group. “The significance of the change in the parameter between placebo and GCP at day 90. The
normal ranges were TG <150 mg dL~!, TC <200 mg dL~!, LDL< 100 mg dL~!, VLDL <30 mg dL~!, HDL 40-60 mg dL~".

within the specified normal range (Supplementary Tables 53-55).
These results suggest that Garcinol 20% (50 mg) with Curcuminoids
95% (250 mg) and piperine (5mg) combination (GCP) is safe for use
in NASH without liver cirrhosis patients.

4 Discussion

The present study reports the beneficial effects of a combination
of garcinol and curcuminoids with piperine (GCP) supplementation
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in improving liver parameters, systemic inflammation, and
dyslipidemia in patients with mild to moderate NASH. It is probably
the first study to document the effect of the combination of garcinol
and curcuminoids on liver fibrosis and steatosis assessed using
transient elastography (FibroScan).

Currently, no specific pharmacological treatments for NAFLD
and NASH are approved by the FDA, although numerous drugs are
being evaluated (7). NAFLD is associated with several other
comorbidities like diabetes, cardiovascular disease, kidney disease,
and cancer and is considered the manifestation of metabolic syndrome
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TABLE 4 Effect of GCP on Secondary efficacy outcomes.

Parameter (€17e]0] ) Day O Day 90 Mean change P-value*
Placebo 83.72£9.61 83.42+9.14 -0.3
Body Weight (kg) <0.001
GCP 79.03+9.25 76.75+£8.92%% -2.28
Placebo 29.75+2.36 29.74+2.15 0.01
BMI (kg/m?) <0.001
GCP 29.79+2.51 28.61+1.67%% -1.18
Placebo 98.4+11.00 98.05+10.60 -0.35
WC (cm) <0.001
GCP 97.04+9.46 95.59 +8.747% —1.45
Placebo 0.73£0.26 0.78+0.24 0.05
Bilirubin (mg/dL) 0.007
GCP 0.82£0.30 0.73£0.21 -0.08
Placebo 78.29+20.88 83.87+19.52 5.58
ALP (IU/mL) 0.88
GCP 83.06:+£20.17 93.36+30.24 12.44
Placebo 111.09+25.26 105.66+18.29 —5.43
FBS (mg/dL) 0.172
GCP 109.51+15.81 98.91+13.21 —10.61
Placebo 6.42+0.35 6.67+0.14 0.25
HbAlc (%) 0.18
GCP 6.35+0.49 6.34%0.58 -0.01

The Mean + Standard deviation values are represented in the table. Paired t-test was used to compare the changes in the parameters from days 0 to 90 within placebo and GCP. Mann-Whitney
U tests was used for the comparison of change in the values from days 0 to 90 between the groups. BMI, Body mass index; WC, Waist/Abdominal circumference; ALP, Alkaline phosphatase;
FBS, Fasting blood sugar; HbAlc, glycosylated hemoglobin. *P<0.05, **P<0.01, ***P <0.001 from baseline to end of the study within the group. “The significance of the change in the
parameter between placebo and GCP at day 90. The normal ranges were ALP- 40 to 1291U/L, Bilirubin- 0.1 to 1.2mg dL~' FBS <100 mg/dL, and HbA1c<5.7%.
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FIGURE 5

Effect of GCP on inflammatory markers (A) IL 6, (B) HsCRP and (C) Adiponectin. The Mean + Standard deviation values are represented. The reduction
IL6 and Hs-CRP were 0.80 and —1.72 (p <0.001) and —1.8 and — 2.48 (p = 0.02) for placebo for GCP, respectively. The increase in adiponectin was 0.42
for placebo and 2.02 for GCP (p <0.001) by Mann—-Whitney test. IL6, Interleukin 6; HsCRP, High sensitivity C reactive protein. *p <0.05, **p <0.01 and
***n < 0.001 from baseline to end of the study within the group.
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TABLE 5 List of adverse events and their resolution.

10.3389/fnut.2023.1201186

Participant no. Gender- age Group Event term Start date End date Outcome
4,013 M-59 Placebo Diarrhea 12-Sep-21 14-Sep-21 Resolved
4,015 F-64 Placebo Urinary tract infection 07-Oct-21 09-Oct-21 Resolved
4,016 M-47 Placebo Lower abdominal pain 08-Oct-21 09-Oct-21 Resolved

Description of mild adverse events experienced by participants during the study. M, male; F, Female.

in the liver (25, 26). A few promising drugs in phase 3 evaluation are
Obetocholic acid -a Farnesoid X or bile acid receptor agonist,
Resmetirom, the thyroid hormone receptor beta agonist, Armachol,
stearoyl coenzyme A desaturase inhibitor, and Semaglutide, glucagon-
like peptide-1 agonist (27, 28). Lifestyle modification through a
hypocaloric diet and exercise are the basis for the treatment of NAFLD
in the absence of approved pharmacological agents.

Given the complex pathophysiology of NASH, a combination of
different drugs with diverse mechanisms of action, therapeutic
approaches targeting each stage of the disease may be required to
manage the disease progression (29). Herbal and traditional medicine
have garnered attention in recent years to effectively manage NAFLD
(30). Plant polyphenols were found to have a protective effect in
reducing inflammation, oxidative stress, and liver steatosis in animal
models (31). In clinical trials, resveratrol supplementation was found
to improve inflammatory profile in NAFLD patients, while hesperidin
was reported to ameliorate steatosis, glycemia, and hepatic enzymes
(32, 33). Flax seeds and Coenzyme Q10 supplementation were
reported to reduce inflammation and improve liver function (34, 35).
Curcumin is known to interact with multiple molecular targets and
alter their gene expression and signaling pathways (36). In animals,
curcumin supplementation was shown to reduce obesity and glucose
intolerance, fibrosis, and intrahepatic accumulation of CD4" cells in
association with NAFLD (37). Clinical trials with curcumin have
shown a reduction in triglycerides, blood glucose, and liver enzymes
in individuals with metabolic complications (38). Garcinol is an
antiadipogenic agent which activates the AMPK pathway and reduces
endoplasmic reticulum stress in adipose tissues (13, 14). Garcinol was
also shown to modulate gut microbiota and control inflammation by
increasing the intestinal commensal bacteria, Akkermansia (13).

We earlier reported that the combination of garcinol and
curcuminoids reduced NAFLD activity score, fibrosis, and steatosis in
a stelic animal model (STAM™) of NASH. The effect of the
combination was significantly better than individual treatment with
either curcuminoids or garcinol. Curcuminoids were found to reduce
inflammation mediated by NF-«B and fibrosis, while garcinol was
effective in modulating macrophage activity and reducing steatosis.
The combination was effective in targeting both inflammation and
steatosis (15). The current clinical study validates the preclinical data
of GCP in a clinical setting.

All the study participants, irrespective of the study intervention were
asked to walk for 30min every day for at least 5days in a week as a
lifestyle modification and were not treated with any pharmacological
drug. No specific diet was proposed as the participants were from
different parts of the country with varied food habits. They were only
instructed to avoid processed and fried food during the study. The
moderate exercise performed by the participants could have had a
positive effect on the liver health. Experimental studies have shown that
moderate aerobic and anaerobic exercise for 20-60 min, 4-7 days a week
for 6 months to improve liver histology ad reverse liver damage (39, 40).

Frontiers in Nutrition

It is also possible that the observed results could be due to the
combination of moderate exercise and GCP intervention. However, the
participants consuming placebo along with moderate exercise, did not
show a substantial change in the liver parameters and the difference
between GCP and placebo for the outcome measures was significant.

The elevation of liver enzymes is a marker of hepatocyte injury
observed in NAFLD patients. Recent studies suggest that a higher level
of ALT may be a consequence and predictor for the development of
NASH (41). Curcumin supplemented at a dose of 500 mg to 1,000 mg
for 8-12 weeks was reported to reduce AST (—2.7 to —9.2IU/L) and
ALT (—2.9 to 2212-11.3IU/L) in NAFLD patients in earlier studies
(12, 42-44). We observed a reduction of 9.5IU/L for AST and
13.5IU/L for ALT with GCP, suggesting that the combination may
be better than curcuminoids alone.

For NAFLD progressing to NASH, hepatic fibrosis is the standard
endpoint. Although liver biopsy is the accepted diagnosis of fibrosis,
the use of transient elastography (Fibroscan) to measure liver stiffness
through the estimation of the velocity of propagation of a shear wave
through liver tissue is emerging as a valid method for assessing
fibrosis (45, 46). Our study demonstrated a reduction of 5.5% in LSM
and 4.6% in CAP compared to an increase in LSM and a 3.8%
decrease in CAP in placebo in 12 weeks, which could be considered
moderate activity. However, all the patients (100%) consuming GCP
showed a decrease in LSM, while it was observed in only 13% of
patients in the placebo group (4/31). It is worthwhile to note that in
an earlier clinical study with Saroglitazar, a dual peroxisome
proliferator-activated receptor o/y agonist approved for diabetic
dyslipidemia, the reported reduction in LSM was 10.5% after
24 weeks, although the improvement in CAP was much superior
(23.5%) (47). In a 10-year study to monitor fibrosis progression in
NAFLD patients, an improvement was defined as a reduction in the
LSM by more than 2kPa in 10years. ALT improvement by more than
30% and more than 1 unit change in BMI (kg/m*) was found to
contribute to LSM improvement (48).

Several non-invasive methods have been developed to diagnose
NASH patients in recent years. The FAST score, which takes the LSM,
CAP measurements by Fibroscan, and the AST values into
consideration, provides an efficient non-invasive method to identify
patients at risk of progressive NASH for clinical trials or treatments
(23). The FAST score showed a significant decrease in the GCP group
compared to the placebo, further reiterating that the herbal
combination can potentially improve overall liver function. These
results agree with the preclinical data in the mouse model, where
we observed a reduction in fibrosis and steatosis by liver histopathology.

The prognosis of NASH depends on obesity, insulin resistance,
and type 2 diabetes as risk factors, and addressing these conditions has
been the focus of treatment. Weight loss by bariatric surgery has
shown benefits in improving NAFLD (49). The American Association
for the Study of Liver Diseases (AASLD) NAFLD practice guidelines
also recommend a reduction in body weight by 3-5% to improve
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hepatic steatosis, while (> 7%) reduction to improve fibrosis (50, 51).
We observed a 3.8% reduction in weight, 1.8% in waist circumference,
and 3.3% in BMI in the GCP group, which suggests an improvement
in anthropometric parameters which could have a positive effect on
NAFLD. Supplementation for a longer time might improve these
parameters further. Cardiometabolic risks are higher in NASH
patients, so control of dyslipidemia is another essential factor. Further,
excess accumulation of fatty acids in the liver can cause lipotoxicity
and hepatocyte injury (52). GCP was helpful in reducing TC (5.3%),
TG (12.8%), LDL (4.6%), and VLDL (11.5%) levels while HDL was
not affected. Although these are only minimal effects, cumulatively
positive effects on multiple parameters would synergistically and
effectively improve liver health.

Adequate control of diabetes is critical for NASH since
hyperglycemia and insulin resistance contribute to hepatic steatosis.
Although we observed some reduction in FBS, no effect was seen with
HbA lc, suggesting a minimal effect of GCP supplementation in diabetic
control. Several studies have shown a positive effect of curcumin on
glycemic control in type 2 diabetic patients (53). Most of these studies
used higher doses of curcumin for a longer duration compared to that
used in GCP, which could explain the results observed in our study.

Prolonged lipotoxicity causes oxidative stress and ER stress
culminating in the activation of toll-like receptors, inflammasomes, and
transcription factors involved in the expression of inflammatory markers
(51). Leptin and adiponectin secreted from the adipose tissue have a pro
and anti-inflammatory effect on liver inflammation. Adiponectin
reduces hepatic inflammation, and lipid accumulation and regulates
oxidative stress and Kupffer cell polarization (54). A systematic review
and meta-analysis of randomized clinical trials reported that curcumin
could significantly improve adiponectin concentrations compared to
placebo (55). Our results agree with this observation, although the
curcumin was used at 1500 mg dose in RCTs compared to 250 mg in our
study. An increase in adiponectin was also observed in our preclinical
study with the same combination (15).

GCP supplement resulted in a significant reduction in
inflammatory markers (IL6 and HsCRP) in the serum, suggesting an
improvement in the inflammatory status in these patients. IL6 has
been identified as one of the independent prognostic factors for liver
steatosis in obese individuals (56). The cytokine has also been
observed as a predictive biomarker for the development of NASH in
NAFLD patients (57). Thus, a reduction in IL6 may be a significant
observation in this study. In an earlier study, Saadati et al. observed a
reduction in inflammatory markers in NAFLD patients supplemented
with 1,500mg curcumin for 12weeks but the changes were not
significantly different from placebo (58). Curcuminoids with piperine
at 500+ 5mg was reported to reduce the serum levels of inflammatory
markers (TNF-a, MCP1) in another trial (11). Our results suggest that
by combining curcumin with garcinol, the effective dose of curcumin
could be reduced to get better benefit on inflammatory parameters.

Finally, we believe that the mechanism of action of GCP may
be mediated through its action of oxidative stress, inflammation, and
energy balance. Fatty liver is a consequence of increased free fatty
acids imported into liver from adipocytes, diet and de novo hepatic
lipogenesis. Earlier studies have shown that garcinol could reduce
adipogenesis by reducing ER stress and activating AMPK, the cellular
energy sensor. The progression to NASH is facilitated by an elevation
of intracellular reactive oxygen species (ROS) that increase oxidative
stress inflammation and cell death. Both Curcuminoids and Garcinol
have antioxidant properties, with evidence of liver protection against
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damage induced by alcohol, drugs, and other agents (59-61).
Curcuminoids are well studied for their anti-inflammatory activity
and health benefits related to chronic inflammatory diseases. Thus, the
beneficial effect observed in the present study could be due to the
combined effect of reduction in oxidative stress, inflammation, and
energy balance by GCP. Further, Garcinol has been observed to
prevent gut dysbiosis which is one of the contributing factors for
NAFLD (62). Since NAFLD progressing to NASH is a complex disease
driven by multiple pathways, the combination of GCP may target
some of these pathways at different levels resulting in a better outcome.

All the serum biochemical markers and vital signs were in the
normal range throughout the study, and no serious adverse events
were reported by any patients during the 90 days of supplementation,
suggesting the safety of GCP formulation. The Curcumin C3 complex
has been evaluated in more than 100 clinical studies and was found to
be safe for consumption at a dose as high as 8 g per day. Garcinol at
40% was also proven to be safe in preclinical studies (63). The
combination described in the present study contained much lower
doses of curcumin ¢3 complex and Garcinol and hence could
be regarded as a safe composition.

A few limitations, as well as strengths of our study, are worth
mentioning. The study was conducted on mild to moderate NASH
patients with mild diabetes or dyslipidemia in a relatively small
population. We cannot generalize the results for NASH patients with
other comorbidities. We did not conduct a liver biopsy to confirm our
results which could be another limitation. However, we used validated
non-invasive testing using FibroScan, which could be a study strength.
The study was conducted in two sites in India, one in the south and the
other in the eastern part of the country, which includes a diverse
population and could be termed as a strength of the study. The gender
distribution in the two groups was not equal, which is also a limitation
and future studies need to be conducted in larger population in both male
and females. The age distribution was comparable between the two
groups and hence a specific age-related analysis was not carried out. The
results observed were significant, but the percentage reductions were
moderate, and the liver enzymes were not reduced to normal levels. The
effects of dietary supplements could not be compared to pharmaceutical
drugs, as many of them were conducted over a six-month duration
compared to the three-month study detailed here. The study used food
components as actives and was found to be safe as reported herein. The
study had a gender difference in active and placebo, which could have
affected the analysis and is a potential limitation of the study. In the future,
we plan to conduct studies on a larger population of NASH patients of
different age-groups, for a longer period of time. The development of
NASH involves complex mechanisms and its resolution in terms of
improvement in liver and serum biomarkers is also a slow process. A
study duration of 6-12 months may help to understand the effect of GCP
on liver function and other metabolic parameters. Further, GCP may also
be combined with other known supplements, like Vitamin E, to optimize
its effect in future clinical studies.

5 Conclusion

GCP as a dietary supplement with safe food ingredients was effective
in improving liver enzymes, liver steatosis and fibrosis, inflammation, and
lipid markers in NASH patients. Curcumin has been reported to have
favorable effects on NAFLD, at high doses. By combining it with garcinol
we observed positive effects at a much lower dose. Thus, GCP could be a
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potential option as an adjunct supplement along with lifestyle
management and other standard treatments for the management of
NAFLD progressing to NASH. Future studies for a longer duration in
comparison to standard treatment would benefit the clinical use of GCP
as an adjunct supplement for the management of NASH.
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