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Effect of broccoli sprouts on insulin resistance in type 2 diabetic patients:
a randomized double-blind clinical trial
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Abstract

Use of antioxidant components is a new approach for improvement of insulin resistance (IR) as a main feature of type 2 diabetes
and its complications. The aim of this study was to investigate the effects of broccoli sprouts powder (BSP) containing high
concentration of sulphoraphane on IR in type 2 diabetic patients. Eighty-one patients were randomly assigned to receive 10 g/d
BSP (A, n=27),5g/d BSP (B, n = 29) and placebo (C, n = 25) for 4 weeks. Fasting serum glucose and insulin concentration,
glucose to insulin ratio and homoeostasis model assessment of IR (HOMA-IR) index were measured at baseline and again
4 weeks after treatment. Seventy-two patients completed the study and 63 were included in the analysis. After 4 weeks,
consumption of 10 g/d BSP resulted in a significant decrease in serum insulin concentration and HOMA-IR (p = 0.05 for
treatment effect). Therefore, broccoli sprouts may improve IR in type 2 diabetic patients.
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Introduction

Insulin resistance (IR) usually refers to a defect in
the ability of insulin to stimulate glucose uptake. IR
in addition to being a characteristic feature of type 2
diabetes is also a risk factor for metabolic and

stress-sensitive signalling pathways, such as nuclear
factor kappa B, extracellular signal-related kinase and
others, in the absence of appropriate antioxidant
defence system in diabetes mediate IR (Evans et al.

cardiovascular complications (Lebovitz 2001). In vitro
and i vivo models reveal that increased oxidative
stress and accumulation of lipid peroxidation meta-
bolites in muscle, liver, adipocytes and pancreatic
beta cell contribute to IR, beta cell dysfunction
and development of type 2 diabetes (Hoehn et al.
2009; Park et al. 2009; Henriksen et al. 2011). The
molecular mechanisms whereby oxidative stress
causes IR are not clear, but it seems that activated

2003). Thus, strengthening the antioxidant system
may be very important in preventing the activation
of these pathways (Evans 2007). The major pharma-
cological approaches to increase insulin sensitivity are
biguanides and thiazolidinediones but a potentially
new approach is the use of antioxidant components
(Laakso 2001). Studies confirm the beneficial effects
of bioactive food components with antioxidant activity
including «-lipoic acid, antioxidant vitamins and
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flavonols, in increasing insulin sensitivity in type 2
diabetes (Evans 2007).

Broccoli and broccoli sprouts are rich sources of
bioactive components including isothiocyanates,
glucosinolates, flavonoids, phenols, carotenoids,
antioxidant vitamins and selenium (Nestle 1997).
Important of these components is sulphoraphane
(SPN; 1-isothiocyanate-4-methylsulfinylbutane), a
potent inducer of antioxidant enzymes, which is
found in cruciferous vegetables especially in young
broccoli sprouts (Fahey and Talalay 1999; Verkerk
et al. 2009). The beneficial properties of broccoli
sprouts are mainly attributed to high concentration
of SPN; studies demonstrate that SPN reduces
oxidative stress through the activation of antioxidant
response pathways (Wu et al. 2004; Xue et al. 2008;
Riedl et al. 2009). Previously, we reported that
broccoli sprouts supplementation with standard dose
of SPN, in type 2 diabetic patients, significantly
decreased lipid peroxidation and increased total
antioxidant capacity (Bahadoran et al. 2011). To
date, no data are available on the effects of rich sources
of SPN on IR. We hence hypothesized that broccoli
sprouts may improve IR in type 2 diabetic patients.

Materials and methods
Subjects and study design

This was a parallel, randomized, double-blind and
placebo controlled study. Type 2 diabetic patients,
aged 18-60 years with a clinical diagnosis of type 2
diabetes for at least 1 year, were recruited from the
Iran Diabetes Society. Patients were excluded from the
trial if they had severe impairment of cardiac, hepatic
or renal function, gestation or lactation and if they
used insulin injection or consumed oestrogen, vitamin
K-antagonists or antioxidant supplements. Finally,
81 patients were randomly assigned to three groups,
A (broccoli sprouts powder (BSP) 10g/d, n = 27),
B (BSP 5g/d, n=129) and C (placebo, n = 25),
using a computer-generated random number table.
Randomization was performed with the use of sealed
envelopes. The investigator and participants were
blinded to group allocation. In order to assess dietary
changes during the study period, 3-day dietary recalls,
including 2 week days and 1 weekend day, were
collected at baseline and again after 4 weeks from
subjects. Since the Iranian food composition table
(FCT), with limited data on nutrient content of raw
foods and beverages, is incomplete, the US Depart-
ment of Agriculture (USDA) FCT was used to
calculate energy and nutrient intakes. However, the
Iranian FCT was used for some national foods that are
not listed in the USDA FCT (Azar and Sarkisian
1980). An Excel program was designed to analyse the
nutrients of each food item. In Excel sheet, all
nutrients of each food item were formulated based on
1 g of it. Weight was measured and body mass index

was calculated at baseline and 4 weeks later. Ethics
approval for the trial was obtained from the ethics
committee of the Research Institute for Endocrine
Sciences, Shahid Beheshti University of Medical
Sciences. The written consent forms were obtained
from the patients at the beginning of the study. This
clinical trial has been registered in the Iranian Registry
of Clinical Trials at http://www.irct.ir with the
following identification: IRCT138901181640N2.
The results are reported according to the Consolidated
Standards of Reporting Trials guidelines.

Intervention

BSP standardized for SPN (BroccoPhane®) was
purchased from the Cyvex Nutrition Company
(Irvine, CA, USA) The SPN content of BSP was
determined ~ 22.5 pmol/g by manufacturer using the
HPLC method. At baseline, subjects received 28 pack-
ets containing either 5 or 10 g of BSP in BSP groups,
whereas controls were given 5g cornstarch powder
coloured with chlorophyll. Packets were identically
packaged to be indistinguishable. Patients were
prescribed one packet daily to be consumed for
4 weeks, preferably with a beverage after meals to
reduce gastrointestinal complications; they were also
asked to maintain their regular diet and lifestyle during
the study period and were contacted every week to
evaluate compliance and to enquire regarding any
possible side effects. Patients were excluded from
the analysis if they consumed <80% of the packets,
changed their medication or reported severe side
effects.

Laboratory measurements

Fasting venous blood samples were taken after
12—14 h overnight fast, at baseline and again 4 weeks
after intervention. Serum was separated and frozen
at —70°C, on the day of blood collection for bio-
chemical analysis. Fasting plasma glucose was
measured by the enzymatic colorimetric method
using a glucose oxidation kit (Pars Azmun Company,
Tehran, Iran). Serum insulin concentrations were
measured using enzyme-linked immunosorbent assays
kit (Mercodia, Uppsala, Sweden). The intra assay
coefficients of variation of all assays were <5%. The
fasting glucose to insulin ratio was estimated as the
insulin sensitivity index (Silfen et al. 2001). IR was
estimated using the homoeostasis model assessment
of IR (HOMA-IR) index, which is defined as fasting
plasma insulin (mU/l) times fasting plasma glucose
(mmol/l) divided by 22.5 (Hanley et al. 2002).

Statistical methods

Statistical analysis was carried out with SPSS,
version 16.0 (SPSS, Inc., Chicago, IL, USA). The
Kolmogorov—Smirnov test was used to test for a



normal distribution. Differences between the three
groups at baseline were tested with one-way ANOVA,
and paired Student’s z test was used to compare
baseline and 4-week values in each group. The effects
of the BSP were compared by analysis of covariance
(ANCOVA) with 4-week values as dependent vari-
ables, baseline values as covariates and treatment
group as a fixed factor. When the analysis indicated a
significant effect of BSP, the groups were compared
pairwise by the Bonferroni test. P values <0.05 were
considered significant.

Results

Seventy-two patients completed the study. The
participants who consumed less than 80% of BSP
doses or changed the medications through the study
period were excluded from the analysis; finally, the
data for 63 patients [10g/d BSP (n=21), 5g/d
(n=22) and placebo (n = 20)] were analysed
(Figure 1). Mean age of participants was 53 = 6.1,
50 £ 6.0 and 52 * 7.5 years in groups A, B and C,
respectively. Mean values for baseline body mass index
were 27.8 + 5.0, 29.2 * 3.6 and 28.7 * 4.0 kg/m? in
these three groups, respectively. No significant
differences between the three groups were seen for
age, sexX, body mass index, consumption of antidia-
betic medications or duration of diabetes. Based on
self-reports subject, lifestyles were unchanged
throughout the study. There was no significant
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difference between the groups in total energy and
nutrient intakes, as estimated by 3-day dietary recalls.
The body mass index of participants was not
significantly changed throughout the study. No serious
adverse events or side effects were reported. Before
and after biochemical values and the effects of BSP on
serum fasting glucose, insulin concentration, insulin
sensitivity and IR indices are presented in Table I. As
compared with baseline, after 4 weeks BSP treatment,
fasting serum glucose significantly decreased in
groups A and B, and serum insulin concentration
and the IR index significantly decreased only in
group A. Comparison of treatment effects between the
three groups with baseline values as covariates revealed
that supplementation with 10g/d BSP resulted in a
decrease in serum insulin and IR index as HOMA-IR.
After 4 weeks as compared with baseline there was no
significant difference in fasting glucose to insulin ratio
as insulin sensitivity index. Mean differences in values
compared with baseline are presented in Figure 2.

Discussion

Hyperinsulinaemia and IR are major determinants of
the markedly increased risk of cardiovascular compli-
cations in type 2 diabetic patients (Lee et al. 2010).
Treatment of IR in these patients is a potential target
for the improvement of glycaemic control and
decrease in cardiovascular disease risk factors (Reddy
et al. 2010). In this study, 4-week supplementation

256 patients contacted

A

81 patients assigned to
intervention for 4 weeks

A

A

Allocated control (n=25)
received allocated intervention
(n=25)

Allocated to 5g/d BSP (n=29)
received allocated intervention
(n=29)

Allocated to 10g/d BSP (n=27)
received allocated intervention
(n=27)

Lost to follow-up (n=2)

Discontinued intervention (n=3)
flatulence (n=2)
increased defecation (n=1)

Discontinued intervention (n=4)
flatulence (n=3)
flushing (n=1)

!

l

!

Analyzed (n=20)
excluded from analysis (n=3)
treatment changes (n=3)

Analyzed (n=22)
excluded from analysis n=4)
consumed <80% packets (n=2)
treatment changes (n=2)

Analyzed (n=21)
excluded from analysis (n=2)
consumed <80% packets (n=2)

Figure 1.

Flow chart of the study. BSP, Broccoli sprouts powder.
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Table I.
groups*.

Fasting serum glucose and insulin concentration, insulin sensitivity and IR indices at baseline and after 4 weeks in BSP and placebo

10g/d BSP (n = 21) 5g/d BSP (n = 22) Placebo (n = 20)

Baseline 4 Weeks Baseline 4 Weeks Baseline 4 Weeks
P for treatment
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD effect T
Fasting glucose (mmol/l) 9.38 3.63 7.48% 3.83 8.13 288 7.03F 288 810 275 7.42 3.13 NS
Insulin (mU/l) 520 4.11 43577 311 7.60 461 731 5.03 650 3.90 7.81 6.99 <0.05
Fasting glucose to insulin ratio  2.71  3.55 2.32 3.19 143 0.94 1.31 1.08 2.0.1 195 1.93 1.88 NS
HOMA-IR 221 204 15577 132 281 203 244 211 222 142 258 3.24 <0.01

Note: BSP, broccoli sprouts powder; HOMA-IR, homeostasis model for IR; * Mean values and standard deviations (there were no significant
differences between three groups at baseline); T ANCOVA with 4-week values as dependent variables, baseline values as covariates and treatment
group as fixed factor; ¥ Significantly different from baseline (paired ¢ test; p < 0.05); ! Significantly different from controls (Bonferroni pairwise

comparisons in general linear model; p < 0.05).

with 10 g/d BSP decreased fasting serum insulin and
IR index. There were no significant changes in
lifestyle, dietary intake or medication of subjects
throughout the study duration; hence any changes in
variables were probably a result of the BSP treatment.

The effect of broccoli sprouts on IR has not yet been
investigated and the mechanisms of any possible
effects are unknown. It appears that the effect of
broccoli sprouts on the improvement of hyperinsuli-
naemia and IR observed in this study is related to the
antioxidant properties of bioactive components
mainly SPN. SPN is an activator of transcription
factor NF-E2-related factor-2 (Xue et al. 2008), which
is a potential regulator of the cellular redox homo-
eostasis through its capacity to induce the expression
of enzymes that detoxify reactive oxygen species and
other antioxidant proteins (Li et al. 2009; Tan et al.
2011). In wirro, animal and human studies have
reported the beneficial biological effects of SPN via
induction of important cellular antioxidants and phase
2 enzymes, including superoxide dismutase, catalase,
NAD(P)H:quinine oxidoreductase 1, glutathione,
glutathione peroxidase, glutathione reductase and
glutathione-s-transferase (Wu et al. 2004; Riedl et al.
2009). Enhancement of the endogenous antioxidant

network inhibits stress-sensitive signalling pathways
and consequently prevents IR and other long-term
complications of diabetes (Evans 2007).

However, other bioactive compounds such as
flavonoids, phenols, carotenoids, antioxidant vitamins
and selenium may contribute to beneficial effects of
broccoli sprouts on IR, but low content of these
components in the BSP doses in this study does not
appear to have independent effects on these results;
synergistic effects of these components with high SPN
concentration in BSP may be a logical reason for the
observed results.

The doses used in this study provided 225 and
112 pmol SPN isothiocyanates daily per 10 and 5g
BSP doses, respectively. There were no serious side
effects, but mild gastrointestinal events, including
flatulence were reported by some patients.

This study does have a few limitations; study
duration was 4 weeks and only one sample was
obtained following intervention.

In conclusion, 4 weeks supplementation with BSP
rich in SFN had favourable effects on decrease in
serum insulin and improvement of IR in type 2
diabetes. Further studies with longer duration and

Figure 2.

30
% 20
g 10 H
D
£ |- ._|
; -10 p .
g 20 7,
¥ FBS Tnsulin FBS:insulin- | AR
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W10g/d BSP (n=21 -18.2 43 2.3 —14.2
O5g/d BSP (n=22) -12 1.4 0.8 -11.3
OPlacebo (n=20) -3.8 8.2 1.1 20.3

Mean differences in FBS, serum insulin concentration, FBS to insulin ratio and HOMA-IR, compared with baseline values in the

three groups (*significant difference as compared with control using one-way analysis of variance, p < 0.05). BSP, broccoli sprouts powder; FBS,
fasting blood glucose; HOMA-IR, homeostasis model assessment of IR assessment.



different doses are needed to confirm these effects and
their related mechanisms.
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