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Sample Chromatogram

Furocoumarins are a family of natural chemicals with
phototoxic potential, commonly found in plant extracts
and fragrances. The European Cosmetics Directive
76/768/EEC limits the total content of furocoumarins in
cosmetics to 1 ppm. Current methods define “total
content” based on a certain number of external
standards (markers), overlooking other unknown
furocoumarins. An accurate total content analysis is
unpractical, but we aimed at developing a method to
estimate total content of both known and unknown
furocoumarins. As a family of chemicals, different
furocoumarins have similar UV absorption spectrum.
Therefore, we propose an HPLC method based on
external markers and the use of DAD-UV to identify
unknown furocoumarins. Eight markers were studied:
Bergapten; Bergamottin; Imperatorin; Isoimperatorin;
Isopimpinellin; Oxypeucedanin; Xanthotoxin and
8-Geranyloxypsoralen. Psoralen, the unsubstituted
structure, was also studied in order to quantify the
unknown furocoumarin concentrations.

Results

Compounds: 1.) Xanthotoxin 2.) Psoralen 3.) Isopimpinellin 4.) Bergapten 5.) Oxypeucedanin 6.) Imperatorin 7.) Isoimperatorin 8.) 8-Geranyloxypsoralen 9.) Bergamottin

UV-Vis Spectra of Known Compounds
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Method
Instrument Parameters
Method adjusted from Frérot et. al1. All runs were run
under the following conditions unless otherwise noted:
Column – 250 x 4.6mm, i.d. 5µM particles, RP C-18
Flow Rate – 1 mL/min
Column Temperature – 30°C
DAD-UV observation wavelength – 310nm
Injection volume – 20µL
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From these experiments we can determine that the method has a high level of robustness when
levels of acetonitrile is adjusted, as well as for the most part with small temperature differences.
However, the robustness is not as good when it comes to slightly different flowrates.

Imperatorin

Unknown Furocoumarin

y = 18.472x + 4.5395
y = peak area = 19.85527
x = concentration = 0.829µg/mL based on psoralen equivalents

Isoimperatorin

8-Geranyloxypsoralen

Bergamottin

Chromatogram of Plant Extract with Unknown Furocoumarin
1

2

1

Known Furocoumarin (Bergapten)
y = 31.298x + 0.365
y = peak area = 176.88136
x = concentration = 5.64µg/mL

Estimated total Furocoumarin count for sample = 0.829µg/mL + 5.64µg/mL = 6.469ppm
This extract is safe to be used in cosmetic products if diluted more than six times.

Structures from www.chemspider.com

Validation of Analytical Procedure
Linearity, accuracy, range, robustness, and intra- and
inter-day precision were all tested for all of the
standards. Inter-day precision was measured by
recreating the solution and testing it on a different
instrument and on a different day. Robustness was
tested by conducting the test at ±5°C, with a flow rate
of ±0.5mL/min, and with a mobile phase composition
of ±2% acetonitrile from the original method.

Psoralen

Linear Equation
y=18.472x + 4.5395

Sample Calculations
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Conclusion
Six of the eight standards tested were validated for detection using this method. Future
work for this project includes validating the use of psoralen to detect the amount of
unknown and untested furocoumarin samples, as well as finishing the validation
procedure for the remaining two known furocoumarins.
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