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Cruciferous vegetables

 Cruciferous vegetables belong to the Brassicaceae family

 Originated in Italy – region of Calabria (in the 16th century), and now 
is largely grown in the United States.

 Broccoli is cultivated in cool (4°C – 20°C) climate with moist soil.

Introduction

The cross shaped flower 
of the vegetables

Al-Bakheit, 2017



Cruciferous vegetables

Sulforaphane

Sulforaphane beneficial effects:

 Modulation of phase II 
enzymes and oxidative stress

 Induction of apoptosis

 Inhibition of angiogenesis 
and metastasis

 Anti-inflammatory properties

Broccoli 
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Diet rich in cruciferous vegetables reduces:

1. The risk of developing prostate cancer (May et al., 2013)

2. The accumulation of acylcarnitines and correct the 
metabolic dysregulation (Armah et al., 2013)

Beneficial effects of broccoli
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Triglycerides

Fatty acids

Acyl CoAs

Digestion and absorption

Lipolysis

Transport in blood and uptake into cytosol
Dysfunction integration of β-oxidation, TCA and OXPHOS 
and a high fat diet  results in acylcarnitines being secreted 
into plasma and in associated with chronic ill health

acylcarnitines

Acylcarntines also 
accumulate in prostate 
cancer indicative of metabolic 
dysfunction
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Pro-inflammatory effect of palmitoylcarnitine 

*** P<0.001
Two way ANOVA followed by Bonferroni's post tests

Does palmitoylcarnitine have biological activity or 
just represent a biomarker of metabolic 
dysregulation ?
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Palmitoylcarnitine: Hypothesis

Ca2+

Acylcarnitines              [Ca2+]i

• Cell models used:
1. Non cancerous (PNT1A & BPH-1)
2. Cancerous (PC3 & DU145)

Cell membrane

Experimental approach 

Palmitoylcarnitines
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PNT1A cells BPH-1 cells

DU145 cells PC3 cells

Non-cancerous prostate cells

Cancerous prostate cells

The results 
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*p ≤ 0.1; **p ≤ 0.01; **p ≤ 0.001
**

Mechanism of calcium influx 

Palmitoylcarnitine induces Ca2+ influx in PC3 cells through:

 The L-type Ca2+ channels in the cell-membrane.

 PI3K pathway

 PTX-insensitive G-protein coupled receptor.
(Al-Bakheit et al., in press)
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Based on 
Loss et al 2011

Palmitoylcarnitine opens the L-type Ca2+ channel in the cell-membrane as a result 
of the activation of the GPCR  

Hypothesis
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A diet rich in broccoli (high amount of sulforaphane) can correct the metabolic 
dysfunction, therefore reducing the accumulation of acylcarnitines in plasma 
from patient with prostate cancer (Traka et al., 2015, Armah et al., 2015).

Broccoli, acylcarnitines and prostate cancer
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• Many in vitro studies demonstrate the concept that a diet rich in
cruciferous vegetables may have anti-inflammatory properties:

It has been found that SF was able to decrease LPS-induced IL-6
secretion in:
 Peripheral blood mononuclear (PBMCs) cells from healthy donors

(unpublished data)

 HUVEC cells (unpublished data).

• It has been found that an increased intake of cruciferous vegetables
was associated with decreased serum levels of the
proinflammatory cytokines IL-1β, TNFα and IL-6 in 1005 middle-
aged Chinese women (Jiang et al., 2014. J Acad Nutr Diet, 114: 700–8).

Cruciferous vegetables and IL-6
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Conclusion 
• The metabolic dysregulation in prostate cancer can result in the

accumulation in acylcarnitines, including palmitoylcarnitine.

• Accumulation of palmitoylcarnitine has biological consequences
including the induction of pro-inflammatory responses and calcium
influx, both of which associated with progression of prostate cancer.

• IL-6 has been associated with progression of prostate cancer

• A diet rich in cruciferous vegetables including broccoli (400g/week)
can deliver high amount of sulforaphane, which has many beneficial
health effects on reducing the risk of developing prostate cancer
through decreasing acylcarnitines and IL-6 secretion.
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