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Comparison of Different Analytical HPLC
Columns for Determination of

Furocoumarins in Heracleum candicans
Fruits

Dhirendra P. Singh, R. Govindarajan, and Ajay K. S. Rawat

Pharmacognosy and Ethnopharmacology Division, National Botanical

Research Institute, Lucknow, India

Abstract: Columns used in HPLC play a vital role, as the efficiency of separation and

resolution determines the quantification of the markers. Heracleum candicansWall. ex

DC. (Apiaceae) is used extensively in the Indian system of medicines, being a rich

source of furocoumarins, extensively used in the pharmaceutical industry for their

photosensitizing property. Thus, keeping in view the importance of the plant, a com-

parison of the analytical HPLC columns has been carried out for the quality evaluation

of H. candicans using furocoumarins viz. heraclenol and bergapten as markers. Four

analytical columns (2 RP-8 and 2 RP-18) with different ligand chemistry were used

for the analysis. The results indicate that the monolithic column, RP-18e has better effi-

ciency in terms of time and cost, whereas the classical RP-18 column has better separ-

ation efficiency of the markers used, though there are some merged peaks. Also, by

altering the flow rate and gradient separation, better resolution was achieved in mono-

lithic columns. Thus, monolithic columns can be used for the quality control as it

reduces the time and cost and are specific.

Keywords: RP-HPLC, Chromolith,Heracleum candicans, Monolithic, Furocoumarins

INTRODUCTION

Heracleum candicans Wall. ex DC. (syn. H. lanatum Michx, H. nepalense

D. Don.) of the Apiaceae family is a large herb found in the temperate
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forests of the Himalayan regions. In the Indian medicine system it is used as an

aphrodisiac, nerve tonic, and also in the treatment of skin diseases.[1] The plant

has been shown to possess a potent stimulatory effect on melanogenesis with

significant enhancement of cell proliferation.[2] Dichloromethane extract of

shoots of H. candicans has been reported for anti-inflammatory activity.[3]

Chemical investigation of the plant has revealed the presence of furocou-

marins, viz., bergapten,[1] heraclenol, xanthotoxin, phellopterin, angelicin,

imperatorin, xanthotoxol,[4] heraclenin,[5] candibirin,[6] and 8-gernoxypsora-

len.[7] Activity guided isolation has also shown heraclinin to be the anti-inflam-

matory principle present in H. candicans.[3] Furocoumarins are polyphenolic

compounds, synthesized from L-phenylalanine, which may occur in a linear

form with the furan ring attached to the 6, 7 position of the benzo-2-pyrene

nucleus. These are biologically active natural compounds found in many

plants particularly in members of the Umbelliferae and Rutaceae family.[8,9]

They are typical phototoxic compounds leading to photodermatitis upon

exposure to UV light.[10] In humans and experimental animals, chronic furo-

coumarin treatment, in combination with UV light, is used in the therapy of

psoriasis.[11] On the molecular level, furocoumarins bind to cellular constitu-

ents such as proteins, lipids, etc., and can damage lysosomes, leading to the

formation of reactive oxygen species, and can contribute to the formation of

novel antigens by covalent modification of proteins.[12] Furocoumarins of H.

candicans are extensively used in the pharmaceutical industry for their photo-

sensitizing activity on human skin.[13]

Considering the importance of furocoumarins and H. candicans, the same

had been quantified using HPLC-PDA utilizing a simple RP-18 column.[14]

The column used for the analysis plays a vital role in any HPLC analysis

as the efficiency of separation and resolution determines the quantification

of the markers. Different types of RP columns, based on the carbon chain

length or the ligand chemistry of the columns, determines the efficiency and

time of separation of the compounds through HPLC. There is a need to

balance the efficiency of separation along with the cost and time involved

while finalizing the protocol of the analysis. Thus, in the present paper, a com-

parison of 4 analytical columns (2 RP-8 and 2 RP-18) with different ligand

chemistry has been carried out to find out which of these columns has better

efficiency in separation, low cost, and has maximum precision.

EXPERIMENTAL

Chemicals

Bergapten was procured from Sigma Co. Ltd. Heraclenol was a generous gift

from Dr. Khatewal of Kumaon University, Nainital. HPLC grade acetonitrile,

water, and phosphoric acid were obtained from Merck (Darmstadt, Germany).
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Plant Material and Extraction

The fruits of H. candicans were collected from Nainital, India during April–

May, 2004, and the voucher specimen deposited in the herbarium of National

Botanical Research Institute, Lucknow. The plant material was shade dried,

powdered coarsely, and extracted at room temperature with methanol

(100 mL � 3 times, 8 h each). The above extracts were pooled and concen-

trated at reduced temperature (458C) on a rotary evaporator (Büchi, USA)

and then freeze-dried (Freezonew 4.5, Labconco, USA under high vacuum

(133 � 104 mBar) at a temperature of 240+ 28C to obtain 2.345% (DER).

A simple mobile phase was used as the control to see the blank peaks.

HPLC-DAD System for Comparison of Columns

Analyses were performed in a liquid chromatograph with Waters (Milford, MA,

USA) pumps (Waters 515) equipped with an online degaser, a Waters PCM,

Rheodyne 7725 injection valve furnished with a 20 mL loop, a Waters 2996

photodiode array detector, and Waters Empower software. Separation was

carried out using a Merck Purospher starw (250 � 4.6 mm, i.d., 5 mm pore

size) RP-18 column, Sigma Supelco RP-8 column (250 � 4.6 mm, i.d., 5 mm

pore size), Merck Chromolith RP-18e (100 � 4.6 mm), and Merck Chromolith

RP-8e (100 � 4.6 mm) with guard columns of respective chemistries.

The HPLC finger print profile was established for furocoumarins. Elution

was carried out at a flow rate of 0.5 mL/min with water: phosphoric acid

(99.7:0.3 v/v) as solvent A and acetonitrile: water: phosphoric acid (79.7:

20:0.3 v/v) as solvent B, using a gradient elution in 0–5 min with 30–20%

A, 5–6 min with 20–19% of A, 6–7 min. with 19–17% of A, 7–10 min

with 17–15% of A, 10–15 min with 15–12% A, 15–20 min with 12–0%

A, and 20–25 min. with 0–70% A.

Calibration

The contents of the active furocoumarin compounds were determined using a

calibration curve established with seven dilutions of each standard, at concen-

trations ranging from 2.5 to 200 mg/mL. Each concentration was measured in

triplicate. The corresponding peak areas were plotted against the concen-

tration of the furocoumarins injected. Peak identification was achieved by

comparison of both the retention time and UV absorption spectrum with

those obtained for individual standards. The used reference substances were

heraclenol and bergapten.

Linearity, Limits of Detection and Quantification

The linearity of the detector response for the prepared standards was assessed

by means of linear regression regarding the amounts of each standard,
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measured in mg, and the area of the corresponding peak on the chromatogram.

Linearity was also confirmed for the extracts. After chromatographic separ-

ation, the peak areas obtained were plotted against the extract concentrations

by linear regression. Limits of detection and quantification were determined

by calculation of the signal-to-noise ratio. Signal-to-noise ratios of approxi-

mately 3:1 and 10:1 were used for estimating the detection limit and quanti-

fication limit, respectively, of the method.

Statistics

When applicable, one-way or two-way analyses of variance (SPSS11.0 for

window) were used to assess the observed differences in the phenolic

content. Differences were considered to be statistically significant when the

P-value was ,0.05.

RESULTS AND DISCUSSION

The concentration of heraclenol and bergapten was found to be 0.059 and

0.281%, respectively. The results indicate that there was a reduction in the

RT of heraclenol from 5.4 min in a classical RP-18 column to 4.6 in the mono-

lithic RP-18 column, similarly there was a reduction of the RT from 5.1 to

Table 1. Regression curves, linearity, limit of quantification (LOQ), limit of detection

(LOD) and recovery of heraclenol

Column tR (min) R2 LODa LOQa Recovery (%)

RP-18 5.491+ 0.12 0.986 1.68 3.8 98.56+ 1.45

RP-8 5.132+ 0.25 0.975 1.54 3.9 97.45+ 1.23

Chromolith RP-18e 4.645+ 0.19 0.983 1.36 3.9 98.21+ 1.51

Chromolith RP-8e 3.505+ 0.16 0.977 1.21 4.1 98.67+ 1.96

The retention times (tR) are the mean of 10 replicates+ S.D.
aValues expressed in mg/mL.

Table 2. Regression curves, linearity, limit of quantification (LOQ), limit of detection

(LOD) and recovery of bergapten

Column tR (min) R2 LODa LOQa Recovery (%)

RP-18 9.543+ 0.06 0.998 2.92 4.9 95.79+ 2.48

RP-8 9.108+ 0.12 0.987 2.82 5.1 96.76+ 1.98

Chromolith RP-18e 7.689+ 0.23 0.975 2.56 5.3 98.24+ 1.23

Chromolith RP-8e 4.719+ 0.19 0.989 2.47 5.3 98.54+ 0.87

The retention times (tR) are the mean of 10 replicates+ S.D.
aValues expressed in mg/mL.
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3.50 min from classical RP-8 to monolithic RP-8 column. Also, there was a

consistency in the R2 and also in the recovery (Table 1). Similarly, there

was a change in the RT of bergapten from RT 9.543 to 7.689 min in the

case of RP-18 and from 9.108 to 4.719 in the case of RP-8, with no change

Figure 1. Chromatograms of the methanolic extract of H. candicans in various

analytical columns. H1: RP-18, H2: Chromolith RP-18e; H3: RP-8; H4: Chromolith

RP-8e; 3: Heraclenol; 7: Bergapten.
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in the elution order of the components, although there is merging of some of

the peaks (Table 2).

The use of HPLC columns containing the classic 3 or 5 mm small silica

particles often results in high back pressure, which causes damage both to

the column and the HPLC system, therefore, the classical columns have a

limited length and limited number of theoretical plates. Particularly in the

industry, workers are interested in finding ways to balance the need to

analyze more samples with the limited financial and human resources

available. Many of today’s scientists wish to accelerate the entire separation

process reducing the time, while at the same time getting the compound of

interest separated.

The current analysis shows that reduction in the carbon chain length (from

RP-18 to RP-8) causes a decrease in total analysis time from RT 15.309 to

14.460 min (compound 9) though there is a merger in some of the peaks,

although the standard peaks are well resolved. Change in the ligand

chemistry from the classical column to the monolithic columns caused a

reduction in total analysis time from 15.309 min in the classical RP-18 to

6.988 min in the monolithic RP-8 column (compound 9) with no change in

the elution order. The same is the case in the change in the carbon chain

length within the monolithic columns (RT 10.776 to 6.998 min). Chromato-

grams in different columns showing the analysis time is depicted in Figure 1.

Thus, the present analysis clearly shows the importance of choosing the

correct column and correct flow rate for achieving the desired efficiency in

separation of the compounds, at the same time increasing the cost effective-

ness and reducing the time of analysis.
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