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• Diets rich in red meat are known to be associated with a high risk of colorectal cancer [1].
• Hydroxyl alkenals formed from the peroxidation of polyunsaturated fatty acids catalyzed by dietary heme iron, may be involved.
• These hydroxyl alkenals, in particular 4-hydroxy-2(E)-nonenal (HNE) and 4-hydroxy-2(E)-hexenal (HHE), are known for their

reactivity, cytotoxic and genotoxic activities against colon epithelial cells.
• Quantifying these representative hydroxyl alkenals in different diets, during digestion and in biofluids is highly instructive in a

toxicological context, enabling correlation with other biological and biochemical markers of colorectal cancer promotion.

Reference: 
[1] J. Keller et al. 2020. Antioxidants, 9, 1293
[2] S. Chevolleau et al. 2018. J. Chromatogr. B, 1083, 171-179 
[3] Guideline on bioanalytical method validation. EMEA/CHMP/192217/2009/rev.1 Corr.2,21 July 2011

Introduction:

HHE

HNE

LC-MSMS condition on Vanquish Flex + Altis+

(ThermoScientific)

UHPLC column Hypersil Gold C18 (50x2.1mm, 1.9µm)
Solvent A: H2O/ACN 85/15 + 0.1% formic acid
Solvent B: H2O/ACN 5/95 + 0.1% formic acid
Gradient mode: 0min 0%B, 1min 0%B, 15min 100%B, 
17min 100%B, 18min 0%B, 22min 0%B
Flow: 0.3ml/min. Temperature: 40°C
Injection volume: 5µL

ESI +, MRM mode
Spray voltage: 4000V
Vaporization temperature: 150°C
Sheath gas: 20ua, auxillary gas: 15ua, sweep gas: 0ua
Capillary temperature: 350°C 
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HHE-BBHA

298.1
169.0 20 C7H6

79Br

HNE-BBHA

340.1
169.0 23 C7H6

79Br

223.9 9 C10H11N79Br 224.0 10 C10H11N79Br

300.1
171.0 20 C7H6

79Br
342.1

171.0 23 C7H6
79Br

226.0 9 C10H11N79Br 226.0 10 C10H11N79Br

HHE-d5-
BBHA (IS)

303.0
169.0 21 C7H6

81Br

HNE-d11-
BBHA (IS)

351.0
169.0 24 C7H6

81Br

225 9 C10H10DN81Br 225.0 11 C10H10DN81Br
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81Br
353.0

171.0 24 C7H6
81Br

227.0 9 C10H10DN81Br 227.0 11 C10H10DN81Br

MRM transitions Altis+: 

Methods:

HHE_BBHA_79
Y = 0.000455265+0.0234463*X   R^2 = 0.9945   W: 1/X^2
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HHE-BBHA
Y = 0.000455265+0.0234463*X    R2 = 0.9945 W: 1/X2

HNE_BBHA_79
Y = 0.000723554+0.0165429*X   R^2 = 0.9904   W: 1/X^2
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HNE-BBHA
Y = 0.000723554+0.0165429*X      R2 = 0.9904 W: 1/X2

Results:

HNE-BBHA
340.1 > 168.9
RT: 10.8 min

HHE-BBHA
298.1 > 168.9
RT: 8.5 min

MRM chromatograms: 

The method has previously been developed and validated in accordance
with the EMA guideline [3] for the quantification of HHE and HNE in
faecal water and extended to serum after determination of selectivity,
sensitivity, linearity, carry-over, matrix effect, repeatability and trueness.

Conclusion:

With an original derivatization strategy, stabilized HHE and HNE have been successfully quantified in rat serum.
The method has been validated under EMA guideline.

Significant variations between the diets were observed and can be related to the implication of heme iron in the 
development of colorectal cancer. It also implies that alkenals originating from the diet and digestion may have an 
implication outisde the digestive tract.

Linearity domain:  0.1 pg/µL to 100 pg/µL
HHE ng/mLHNE ng/mL

P values

HNE-BBHAHHE-BBHA
Spectres MS/MS:

MS analysis:

8 diets: 
- Beef
- Chicken

- Fish oil
- Safflower oil

- with /without antioxidants
(vitamin E and vitamin C)

and andExperimental design:

Derivatization with BBHA [2]: > Stabilize the aldehydes
> Increase the detection selectivity with Br 79 and Br 81 isotopes

Very significant antioxidant effect
Very significant oil and meat effect
Without the antioxidants:
- Meat effect and no oil effect > Safflower and fish oil contains omega 6 (HNE precursor)
With antioxidants: 
- Oil effect and no meat effect > Suppressed by the antioxidants

Very significant oil effect > Only fish oil contains omega 3 (HHE precursor)
Meat effect particularly significant without antioxidants
Antioxidants suppress meat effect

C18 (100mg/1mL)
MeOH Elution (400µL)

Bromo benzene hydroxylamine 
(BBHA) derivatization

Protein precipitation + 
SPE purification

100 µL serum + 
Internal Standard

Stables ethers
oximes

+

Unstable
aldehydes

UHPLC-ESI-MS/MS analysis

HNE:

HHE:


