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ABSTRACT

Introduction Curcuminoids have been shown to reduce gly-
cemia and related complications in diabetes. In the present
study, we evaluated the impact of curcuminoids plus piperine
administration on glycemic, hepatic and inflammatory bio-
markers in type 2 diabetes (T2D) patients.

Methods T2D patients aged 18-65 years were enrolled in a
randomized double-blind placebo-controlled trial and ran-
domly allocated to standard-of-care treatment and dietary
advises plus either curcuminoids (daily dose of 500 mg/day
co-administered with piperine 5 mg/day) or placebo for a pe-
riod of 3 months. Glycemic, hepatic and inflammatory param-
eters were measured at baseline and final conditions.

Results Atotal of 100 subjects (50 in each group) completed
the 3-month period of trial. A significant reduction was found
in serum levels of glucose (-9+ 16 mg/dLvs. =3+ 11 mg/dLin
curcuminoids and placebo groups, respectively; p=0.048), C-
peptide (-0.6+0.8 ng/mLvs.0.02+0.6 ng/mL; p<0.001) and
HbA1c(-0.9+1.1%vs. -0.2%£0.5%; p<0.001) after curcumi-
noids supplementation versus placebo group. Additionally,
participants in the intervention group showed lower serum
alanine aminotransferase (-2+6vs. -1+5; p=0.032) and
aspartate aminotransferase (-3+5vs. -0.3+4; p=0.002)
levels compared with the placebo group. Finally, no significant
differences in high-sensitivity C-reactive protein (hs-CRP) con-
centrations were observed between curcuminoids and placebo
groups (p>0.05).

Conclusion The results of the present trial revealed a benefi-
cial effect of curcuminoids plus piperine supplementation on
glycemic and hepatic parameters but not on hs-CRP levels in
T2D patients.
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Introduction

Curcuminoids are natural products, generally recognized as safe
compounds that have been reported to possess numerous phar-
macological effects and exert a plethora of beneficial effects against
several human diseases [1-9] including type 2 diabetes (T2D)
[10,11]. Curcuminoids were shown to improve insulin resistance,
decrease glucose and insulin levels and lead to increase in adiponec-
tin and reductions in leptin, resistin, visfatin, interleukin (IL)-6, IL- 13
and tumor necrosis factor-a levels in T2D patients [12]. These find-
ings, suggest that curcuminoids may affect not only glucose ho-
meostasis but also diabetic complications and the vascular risk of
T2D patients [13]. Although curcuminoids show considerable
health benefits, poor bioavailability and rapid biotransformation
have hampered their widespread therapeutic application [14].
Coadministration of curcuminoids with an extract from black pep-
per (piperine) was shown to significantly enhance the bioavailabil-
ity in both animals and human studies [15]. We have previously
found that curcuminoid supplementation improves the lipid pro-
file and increases total antioxidant capacity in T2D patients [16, 17],
thereby supporting other available evidence on the role of curcumi-
noids in modifying cardiometabolic risk [18-24]. Previous experi-
mental studies have also reported a protective effect of curcumin
against hepatotoxicity [25-27]. In the present study, we evaluated
the impact of curcuminoids plus piperine administration on glyce-
mic, hepatic and inflammatory biomarkers in T2D patients.

Materials and Methods

Subjects

Patients with T2D aged 18-65 years were recruited from those re-
ferring to the Diabetes Clinic of the Baqiyatallah Hospital (Tehran,
Iran). The inclusion criteria included the presence of T2D based on
fasting plasma glucose 2126 mg/dL, glycated hemoglobinAlc
(HbA1c)=6.5%, or the use of standard anti-diabetic treatments.
Exclusion criteria were pregnancy or breastfeeding, impossibility
to give informed consent, participation in a concomitant trial, pres-
ence of malignancies, chronic liver disease (alanine aminotrans-
ferase levels three times upper limit of normal value range), renal
failure (serum creatinine 2.0 mg/dLor being on dialysis), chronic
inflammatory diseases such as rheumatoid arthritis and acute in-
fections, thyroid disorders (e.g. hypo-or hyperthyroidism), obses-
sive compulsive disorder, other types of diabetes, receiving hor-
mone or other herbal therapies, and hypersensitivity to curcumi-
noids.

Study design

This study was designed as a randomized double-blind placebo-
controlled trial with a parallel-group design and performed be-
tween June 22,2015 and April 20, 2016. Sample size was calculat-
ed with a power of 90 % considering a type | error (a) of 5% based
on the placebo-adjusted fasting glucose change or around 22 mg/
dLin a previous randomized controlled trial [28]. Subjects who met
the aforementioned inclusion criteria (n=118) were randomly al-
located to standard-of-care treatment and dietary advises plus ei-
ther curcuminoids (Curcumin C3 Complex®, Sami Labs LTD, Ban-

galore, India; 500 mg/day) or placebo for a period of 3 months. The
curcuminoids preparation (C3 Complex®) that was used in this
study contained curcumin, demethoxycurcumin and bisdemeth-
oxycurcumin in a patented ratio. Each curcuminoids capsule also
contained 5 mg piperine (Bioperine®; Sami Labs LTD, Bangalore,
India) which is a known enhancer of curcumin bioavailability and
pharmacokinetics[15]. To maintain comparability of the study
groups, the same amount of piperine was also added to placebo
capsules.

The study was conducted according to the declaration of Hel-
sinki and the protocol was approved by the Ethics Committee at
the Baqgiyatallah University of Medical Sciences, registered in the
Iranian Registry of Clinical Trials (Code: IRCT201505301165N4),
and written informed consent was obtained from all individuals.

Blood sampling and measurements

After an overnight fasting, blood samples were collected at base-
line and at the end of the study. The samples were allowed to clot
for about 30 min and then centrifuged at 750 G for 10 min to ob-
tain serum. Serum samples were aliquoted and frozen at -80°C
until measurements. Weight was measured with the subjects
dressed in light clothing after an overnight fasting using a stand-
ard scale. Anthropometric indices were measured as previously de-
scribed[29].

Fasting serum concentrations of insulin, glucose, HbA1c, C-pep-
tide, aspartate aminotransferase (AST), alanine aminotransferase
(ALT) and high-sensitivity C-reactive protein (hs-CRP), homeostat-
ic model assessments (HOMA) of insulin resistance (HOMA-IR) and
beta-cell function (HOMA-) were measured at baseline and at the
end of the study in each group. Biochemical parameters were meas-
ured using routine commercial kits. Hepatic steatosis index (HSI)
was calculated as previously described[30].

Statistical analysis

Statistical analyses were performed using the SPSS Statistics for
Windows Version 20.0 (IBM Corp., Armonk, NY, USA). Normal dis-
tribution of continuous variables was checked using Kolmogorov-
Smirnov test. Data were expressed as mean = SD or median (inter-
quartile range) for normally and non-normally distributed data, re-
spectively. Within-group comparisons were performed using
paired samples t-test or Wilcoxon signed-ranks test for normally
and non-normally distributed data, respectively. Between-group
comparisons were performed using independent samples t-test or
Mann-Whitney U test for normally and non-normally distributed
data, respectively. Comparison of categorical variables between
the groups was performed using Chi-square test. A two-sided p-
value of <0.05 was considered as statistically significant.

Results

Atotal of 100 subjects (50 in each group) completed the 3-month
period of trial. Drop-out rate due to lost in follow-up did not signif-
icantly differ between the groups (15.2 % in each group) (> Fig. 1).
During the course of trial, there was no report of any side effects
suggesting the safety of the administered combination. Baseline
parameters of the study groups are shown in > Table 1.
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> Fig. 1 Flow diagram of the trial.

> Table 1 Clinical and biochemical features of the study groups at
baseline.

Curcumi- Placebo p-
noids Value
Gender (male/female) 25/25 26/24 1.00
Age (y) 43+8 41+7 0.190
Height (cm) 17147 169+7 0.095
Weight(kg) 78+7 78+7 0.866
BMI(kg/m2) 2642 2742 0.047
Glucose (mg/dL) 16337 174+33 0.074
Insulin (mIUJL) 20+3 22+3 0.029
HbA1c (%) 7.4+0.7 7.5£0.9 0.671
C-peptide (ng/mL) 4.5£1.0 3.3+0.7 <0.001
ALT (U]L) 366 3247 0.001
AST (UJL) 38+5 29+5 <0.001
Hs-CRP (g/L) 13.3%3.4 12.3£3.3 0.150
Creatinine (mg/dL) 1.1£0.3 1.1+0.3 0.832
HOMA-IR 2.9+0.5 3.2+£0.5 0.009
HOMA-B 82.3+45.2 79.3+35.5 0.963
HSI 37.3%3.1 39.6+3.3 0.001

Values are expressed as mean £ SD. BMI: body mass index; HOMA_IR:
the homeostasis model assessment-estimated insulin resistance;
HOMA-B: the homeostasis model assessment- cell function; ALT:
alanine aminotransferase; AST: aspartate aminotransferase; ALP:
alkaline phosphatase; hs-CRP: high-sensitivity C-reactive protein;
HIS: hepatic steatotic index.

Panahi Y et al. Effects of Curcuminoids Plus... Drug Res

Analysed (n=50)

Effect of curcuminoids supplementation on glycemic
parameters

Serum concentrations of insulin, HbA1cand HOMA-IR index were
significantly reduced by the end of the trial in both study groups,
whereas serum concentrations of glucose and C-peptide were sig-
nificantly improved only in the curcuminoids group (> Table 2). A
significant reduction was found in serum levels of glucose, C-pep-
tide and HbA1c after curcuminoids supplementation versus place-
bo group (> Table 3).

Effect of curcuminoids supplementation on hepatic
parameters

Within-group comparisons revealed that serum concentrations of
ALT and AST were significantly improved in the curcuminoids but
not in the placebo group (> Table 2). Reductions in serum ALT and
AST levels, but not HSI, were lower in the intervention group com-
pared with the placebo group (> Table 3).

Effect of curcuminoids supplementation on weight
and BMI

Atfinal conditions, significant reductions in weight and BMI were ob-
served in the curcuminoids but not the placebo group (> Table 2).
Moreover, participants in the intervention group exhibited a sig-
nificantly lower weight and BMI compared with those in the place-
bo group (> Table 3).

Effect of curcuminoids supplementation on serum
hs-CRP and creatinine

At the end of the trial, serum hs-CRP and creatinine concentrations
were significantly decreased in both study groups (> Table 2). How-

Downloaded by: University of the Sciences in Philadelphia. Copyrighted material.
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» Table 2 Comparisons of biochemical indices before and after intervention in the study groups.

Curcuminoids Placebo

Before After p-Value Before After p-Value
Weight (kg) 78+7 76+7 <0.001 78+7 79+7 0.020
BMI (kg/m?2) 27+2 26+2 <0.001 27+1 281 0.023
Glucose (mg/dL) 163137 154+34 <0.001 174+32 17126 0.074
Insulin (mIU/L) 203 19+2 0.017 21+3 21+2 0.039
HbA1c (%) 7.4+0.7 6.5£1.0 <0.001 7.5+0.9 7.3+0.8 0.011
C-peptide (ng/mL) 45+1.0 4.0£0.7 <0.001 3.3+0.7 3.4%0.7 0.844
ALT (U/L) 3646 3427 0.005 3246 31:6 0.417
AST (U[L) 38+5 34+5 <0.001 285 284 0.626
Hs-CRP (g/L) 13.3+34 10.6+3.3 <0.001 12.3+3.3 9.9+2.4 <0.001
Creatinine (mg/dL) 1.1+0.3 1.0+0.2 0.002 1.1+£0.3 1.0£0.2 0.009
HOMA-IR 8.1+2.1 7.4%£2.0 0.007 3.2%0.5 3.1£04 0.026
HOMA- 82.3+£45.2 85.0£45.8 0.251 79.3+£35.5 74.95+24.04 0.379
HSI 37.3£3.1 37.2+3.3 0.491 39.6+£3.3 39.5+2.7 0.881
Values are expressed as mean + SD. BMI: body mass index; HOMA_IR: the homeostasis model assessment-estimated insulin resistance; HOMA_: the
homeostasis model assessment-p cell function; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; hs-CRP:
high-sensitivity C-reactive protein; HIS: hepatic steatotic index.

> Table 3 Comparison of changes in biochemicalindicesbetween the
study groups.

Difference Curcuminoids Placebo p-Value
Weight (kg) -1.4+%1 0.7+2 <0.001
BMI (kg/m2) -0.5+0.5 0.2+0.7 <0.001
Glucose (mg/dL) -9%16 -3%11 0.048
Insulin (mIUjL) -0.9+3 -0.7+2 0.660
HbA1c (%) -0.9+1.1 -0.2+0.5 <0.001
C-peptide (ng/mL) -0.6+0.8 0.02+0.6 <0.001
ALT (UJL) -2+6 -1%5 0.032
AST (U]L) -345 -0.3%4 0.002
Hs-CRP (g/L) -2.7+2.76 -2.4%3.1 0.302
Creatinine (mg/dL) -0.2+0.3 -0.1+0.3 0.450
HOMA-IR -0.2+0.4 -0.1+£0.3 0.511
HOMA-B 2.7+16.2 -4.4+16.1 0.102
HSI -0.2+1.9 0.001+£2.3 0.650

Values are expressed as mean £ SD. BMI: body mass index; HOMA_IR:
the homeostasis model assessment-estimated insulin resistance;
HOMA_B: the homeostasis model assessment-p cell function; ALT:
alanine aminotransferase; AST: aspartate aminotransferase; ALP:
alkaline phosphatase; hs-CRP: high-sensitivity C-reactive protein;
HIS: hepatic steatotic index.

ever, no significant differences were observed between curcumi-
noids and placebo groups with respect to these parameters
(> Table 3).

Gender-specific effects of curcuminoids

A subgroup analysis according to gender was performed to com-
pare the changes in the evaluated parameters between the study
groups. Both genders receiving curcuminoids showed significant
reductions in weight, BMI and serum concentrations of C-peptide
compared with placebo. In contrast, the participants in the cur-
cuminoids group had a significant decrease in glucose levels com-

pared with placebo only in males, whereas the concentrations of
HbA1c and AST were significantly lower in the intervention group
versus placebo only in females (> Table 4).

Discussion

In this randomized double blind placebo controlled study we found
that curcuminoids plus piperine administration significantly im-
proved the glycemic and hepatic parameters in type 2 diabetic pa-
tients.

In agreement with the results of the present trial, there is clini-
cal evidence supporting that curcuminoids intervention improves
glucose homeostasis parameters [28,31]. Anti-diabetic effect of
curcuminoids could be attributed to the reduction in hepatic glu-
cose production via activation of AMP kinase and inhibition of both
glucose-6-phosphatase and phosphoenolpyruvate carboxykinase
activity [32, 33]. Moreover, it has been demonstrated that chronic
systemicinflammation disturbs the insulin signaling pathway, thus
promoting the development of insulin resistance and B-cell dys-
function[34, 35]. Since curcuminoids are well known to reduce in-
flammatory and oxidative responses, it is likely that the antioxidant
and anti-inflammatory properties could also be involved in the en-
hancement of insulin metabolism [36-38]. Curcuminoid adminis-
tration exhibited a slight increase in HOMA-J reflecting improve-
ment in the B-cell function, though it was not statistically signifi-
cant. In this regard, there is evidence suggesting that curcuminoids
may effectively protect pancreatic islets against oxidative stress by
scavenging free radicals, and ameliorate Bcell function[39], ex-
plaining another possible protective role of these polyphenolic
compounds.

Even though two meta-analyses reported a significant reduc-
tion in hs-CRP concentrations following curcuminoids treat-
ment[40,41],our results did not show a significant difference be-
tween curcuminoids and placebo groups, however, the magnitude
of change following curcuminoids supplementation was consist-

Panahi Y et al. Effects of Curcuminoids Plus... Drug Res
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> Table 4 Comparison of the changes in biochemical indicesbetween curcuminoids and placebo groups in each gender.

Males Females
Difference Curcuminoids Placebo p-Value Curcuminoids Placebo p-Value
Weight (kg) -1%1 0.4+2 <0.001 -1+2 12 <0.001
BMI (kg/m2) -0.5+0.4 0.1£0.7 <0.001 -0.5+0.6 0.3£0.7 <0.001
Glucose (mg|dL) -11£18 111 0.020 -6+13 -5%11 0.548
Insulin (mIUJL) -1%2 -0.8+2 0.319 -0.41+3 -0.6%1.9 0.709
HbA1c (%) -0.7+£1.0 -0.210.4 0.093 -1.1+1.1 -0.1£0.6 <0.001
C-peptide (ng/mL) -0.6+0.7 0.1+£0.7 0.001 -0.6+1.0 -0.1+0.6 0.024
ALT (U[L) -2%5 -0.9%6 0.129 -2+6 -0.6%5 0.127
AST (U[L) -3:4 -1%4 0.255 -416 0.9%3 0.003
Hs-CRP (g/L) -2.4+27 -2.3%3.6 0.384 -2.9+2.38 -2.4%23 0.541
Creatinine (mg/dL) -0.2+0.3 -0.1£0.3 0.835 -0.2+£0.3 -0.1+£0.3 0.456
HOMA-IR -0.3x0.3 -0.1+£0.4 0.170 -0.1+£0.4 -0.1+0.3 0.653
HOMA-B 2.3+18.1 -6.2+14.5 0.084 3.0£14.4 -2.3+17.8 0.353
HSI -0.5+1.2 0.2+2.4 0.194 0.1+x2.4 -0.2+2.2 0.618

Values are expressed as mean  SD. BMI: body mass index; HOMA_IR: the homeostasis model assessment-estimated insulin resistance; HOMA_B: the
homeostasis model assessment-f cell function; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; hs-CRP:

high-sensitivity C-reactive protein; HSI: hepatic steatotic index.

ent with previous clinical trials [41]. It is well-known that elevated
CRP levels are an important risk factor for the development of ath-
erosclerotic cardiovascular disease [42]. Curcumin is a polyphenol-
ic agent with well-described anti-inflammatory activities [43-46].
In this context, it has been described that curcumin inhibits the
production of pro-inflammatory cytokines such as interleukin-6,
tumor necrosis factor-a and interleukin 1B by suppression of the
NF-kB signaling pathway resulting in a reduced expression of CRP
inthe human liver cells [47]. Furthermore, this natural agent down-
regulates cyclooxygenase-2, ICAM-1, MCP-1, and nitric oxide pro-
duction [48] resulting in the mitigation of hepatic inflammation
and oxidative stress[49, 50]. The above-mentioned mechanisms
could explain the improvement in serum levels of transaminases
after curcuminoids supplementation by decreased inflammation
of hepatic tissue which is in agreement with the observed in both
experimental[51] and clinical [5] studies. In our study we observed
a gender specific reduction in glucose levels in males and HbA1c
and AST levels only in female patients. This is a novel observation
which warrants further investigation as there is no reported evi-
dence of gender specific effect of curcuminoids

Some limitations of this study should be considered. First, the
insufficient information regarding to standard-of-care treatment
which may be involved in the lack of efficacy of curcuminoids on
some parameters measured particularly hs-CRP. Second, dietary
intake and physical activity were not assessed; nevertheless, by ran-
domization, it is expected that these characteristics were distrib-
uted similarly in the study groups minimizing the risk of bias. Final-
ly, the duration of trial was short and it remains to assess the effi-
cacy of curcuminoids in future long-term trials.

In conclusion, the results of the present trial revealed a benefi-
cial effect of curcuminoids plus piperine supplementation on gly-
cemic and hepatic parameters but not on hs-CRP levels in T2D pa-
tients. However, longer-term clinical trials are mandatory to cor-
roborate the anti-diabetic and hepatoprotective properties of
curcuminoids in T2D patients and also to ascertain if curcuminoids

Panahi Y et al. Effects of Curcuminoids Plus... Drug Res

can be useful for the prevention of diabetic macro- and microvas-
cular complications.
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