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CERAMIDE MASS ANALYSIS BY HPLC 

Ceramide Mass Analysis by Normal-Phase High-Performance 

Liquid Chromatography 

By ANNEMIEK D. TEPPER, and WIM J. VAN BLITTERSWIJK 

Introduction 

Ceramide (Cer) and its generation from sphingomyelin by sphingomyelinase has 

received a lot of attention during the past few years, mainly because its formation in 

cells is associated with stress responses and apoptosis induction (see Ref.1 for a review). 

Assays employed to quantitate cellular Cer levels are often indirect, depending on 

enzyme activities (such as via the conversion to ceramide phosphate by Escherichia coli 

diacylglycerol kinase) or based on metabolic labeling using radioactive precursors (e.g., 

serine or palmitate) which do not provide real mass data. In this chapter, we describe a 

non enzymatic, non radioactive mass assay to quantitate Cer by normal-phase high-

performance liquid chromatography (HPLC) after its conversion to non polar, 

chromophoric benzoate derivatives. The assay is essentially based on published 

methods by Blank et a/.2 for the analysis of diradylglycerols as benzoate derivatives and 

Previati et a/.3 for analysis of fluorescent diradylglycerol and ceramide derivatives. We 

have adapted these methods to measure the accumulation of Cer during CD95-(Apo-

1/Fas)-induced apoptosis in Jurkat cells4. 

Lipid Extraction 

Cell samples (approximately 5 x 106 cells or one 10 cm dish of confluent cells) are 

collected, washed twice with phosphate-buffered saline (PBS) and total lipids are 

extracted according to standard procedures5. Briefly, for each milliliter of cell 

suspension, 3.75 ml of chloroform/methanol [1:2, (v/v) containing 0.001% butylated 

hydroxytoluene (BHT) as antioxidant]) is added. After vigorous vortexing, the mixture is 

allowed to stand at room temperature for at least 30 min to permit complete extraction 

of the lipids. The extract is then partitioned by the addition of 1.25 ml of chloroform and 

1.25 ml of 1 M NaCI. After centrifugation (725 x g for 2 min; room temperature), the 

lower (organic) phase, containing most of the cellular polar and neutral lipids, is 

transferred to a clean 12 ml glass tube with a Pasteur pipette. Care should be taken to 

leave behind the protein that remains in the interphase because this wi l l interfere with 

the derivatization. The upper methanol/water phase is washed with 2 ml of chloroform 

and the lower phases are pooled and dried under nitrogen. 
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CHAPTER 10 

Benzoylation 

Total lipid extracts are subjected to a derivatization reaction using benzoic anhydride in 

toluene as a solvent with 4-(dimethylamino)pyridine (DMAP) as a catalyst, in which any 

free hydroxyl group is quantitatively converted into a chromophoric, nonpolar benzoyl 

ester (Fig. 1). Under these conditions, only O- but not N-benzoylation (at the amide 

nitrogen) occurs, in contrast to benzoylation using benzoyl chloride in pyridine6. 

ceramide 

° M benzo ic a n h y d r i d e 

D M A P / t o l u e n e 

2h, RT 
ceramide 
dibenzoate 

FIG. 1. Scheme for the derivatization of ceramide with benzoic anhydride at room 
temperature (RT) to form ceramide dibenzoate which is readily detectable by UV 
absorption (230 nm). 

The derivatization reagent should be prepared fresh each time before use. To the dried 

lipid extract, 0.25 ml of toluene containing 8 mg of benzoic anhydride and 3 mg of 4-

(dimethylamino)pyridine is added. After vortexing, the mixture is incubated at room 

temperature for 2 hr. To avoid evaporation of the solvent, the tubes should be closed 

with screw caps or covered with glass marbles. After cooling on ice, 2 ml of 25-28% 

NH4OH is added dropwise to neutralize the mixture and stop the reaction. The samples 

are then warmed to room temperature and 2 ml of n-hexane is added. After vigorous 

vortexing and centrifugation (725 x g for 2 min), the upper n-hexane/toluene layer 

containing the benzoate derivatives is transferred to a clean glass tube. If the two phases 

are turbid and/or insoluble material remains in the interphase, more NH4OH should be 

added. Also, it may help to warm the tubes in a 37°C water bath. The lower phase is 

extracted two more times with 2 ml of n-hexane and the pooled fractions are dried 

under nitrogen. 
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Dissolve the benzoates in 1 ml of chloroform and filter the sample through a 0.2 jam 

HPLC PVDF sample filter (Chrompack, The Netherlands) attached to a 1 ml plastic 

syringe. Collect the filtrate in a 2 ml screw-capped glass vial (Brown Chromatography 

Supplies) and evaporate the solvent under nitrogen. The benzoates, which should 

appear as a white residue, can be stored under nitrogen at -20°C or dissolved in a small 

volume (usually 50 ul) of carbon tetrachloride. At this stage, the sample is ready for 

HPLC analysis. 

Separation of Ceramide-Benzoates by HPLC 

Ceramide derivatives can be separated from other (benzoylated) lipids by isocratic 

normal-phase HPLC with a ChromSpher silica analytical column (4.6 x 250 mm, 5 urn 

pore size; Chrompack) and a mobile phase consisting of cyclohexane/0.45% (v/v) 2-

propanol at a flow rate of 1.5 ml/min. The solvent mixture should be degassed (either by 

sonication or under vacuum) before use. 

A sample of 10-15 ul is injected onto the column and the eluates are 

quantitatively measured at 230 nm (emax 26,000 for dibenzoates) using an on-line 

absorbance detector. The attenuation should usually be set at a full scale of 0.05-0.1 

absorbance unit. Data can be collected and further processed using a conventional 

integrator or specialized HPLC software such as Millenium™ (Waters) or EZChrom™ 

(Scientific Software, Inc.). 

The Cer benzoates elute as a doublet as is shown in Fig. 2 where Cer from 

bovine brain sphingomyelin (NFA-Cer; e.g. Sigma C-2137) containing primarily C18:0 

and C24:1 fatty acids was used as a standard. The first peak contains Cer molecular 

species with long chain (C22-C24) fatty acids, being more hydrophobic and more 

soluble in the mobile phase, whereas those with intermediate-chain fatty acids (C14-

C18) elute in the second peak. The retention time of the Cer doublet wil l depend on the 

particular column used and the precise amount of 2-propanol in the mobile phase, but a 

complete separation can be achieved within 10 min. In addition to nonhydroxy fatty 

acid (NFA)-Cer, some cells or tissues contain 2'-hydroxy fatty acid (HFA)-Cer molecular 

species. After benzoylation, HFA-Cer is more hydrophobic than NFA-Cer since it carries 

three instead of two hydroxy groups, allowing HFA-Cer species to elute at 

approximately one-third of the relative retention time of NFA-Cer. 
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CHAPTER 10 

An important advantage of the system described here is that besides separating 

Cer species differing in fatty acid chain length and degree of hydroxylation, it also 

resolves dihydroceramide (diHCer), the direct precursor of Cer in the de novo 

biosynthetic pathway, as well as the long-chain base sphingosine. 
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FIG. 2. Separation of benzoylated ceramides and related lipids by normal-phase HPLC. 

Mixtures of various lipid standards are benzoylated, injected onto a 4.6 x 250 mm, 5 urn 

pore size ChromSpher silica analytical column and eluted with cyclohexane/0.45% (v/v) 

2-propanol at a flow rate of 1.5 ml/min. Detection is by absorbance at 230 nm. 

SF, solvent front; HFA-Cer, hydroxy fatty acid ceramide; diHCer, dihydroceramide 

(C24:1); NFA-Cer, nonhydroxy fatty acid ceramide; So, sphingosine; Sa, sphinganine. 
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After benzoylation, Cer and related molecules elute in the following order : HFA-Cer, 

diHCer, NFA-Cer, sphingosine. For each subclass of Cer, species containing long- and 

intermediate-chain fatty acids wil l elute as a doublet. Sphinganine can be separated from 

sphingosine but, because it elutes just before sphingosine, the low cellular sphinganine 

levels are usually masked by the more abundant intermediate-chain Cer peak. 

Quantitation of sphingosine and sphinganine is better achieved by reversed-phase HPLC 

as described by Merrill et a/.7,8 
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FIG. 3. HPLC profiles of benzoylated total lipid extracts from Jurkat cells (volumes 

injected correspond to 1.5 x 106 cells) that were either left untreated (control) or were 

treated with the anti-CD95 monoclonal antibody CH-11 (1 ng/ml; 5 h) or B.cereus 

sphingomyelinase (300 mU/ml; 15 min). Conditions for separation were as described in 

FIG. 2. Regions indicated by a and b represent Cer species containing long-chain and 

intermediate-chain fatty acids, respectively. 
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Figure 3 shows the separation of benzoylated total lipid extracts of Jurkat cells which 

were left untreated, induced to undergo apoptosis by anti-CD95 monoclonal antibody 

or treated with Bacillus cereus sphingomyelinase. In total lipid samples, derivatized 

neutral lipids (mainly sterols, tri-, di-, and monoacylglycerols), which are less polar than 

Cer, will elute with the solvent front, together with excess derivatization reagent. 

Reduction of the isopropanol content to 0.1-0.2 % (v/v) would enable the separation 

and quantitation of these lipid classes within the same sample. 

A standard curve of bovine brain Cer can be used to determine the relationship 

between peak area and Cer amount, which should be linear in the range between 100 

and 5000 pmol. In addition, a lipid standard that is absent or present in only trace 

amounts in the sample of interest can be used as an internal standard for quantitation of 

Cer. Estrone (e.g. Sigma E-9750) is very suitable for this purpose because benzoylated 

estrone elutes in between HFA- and NFA-Cer. A known amount of (benzoylated) estrone 

can be added before lipid extraction, before derivatization, or before HPLC analysis. 

When the estrone peak area is used to calculate the amount of Cer in the sample, it 

should be taken into account that benzoylated Cer carries two absorbing benzoate 

groups, whereas derivatized estrone contains only one. 

To evaluate the overall recovery of derivatized Cer, trace amounts of [3H]- or 

[,4C]-Cer can be added (to the bovine brain Cer or to cellular lipid extracts) before the 

derivatization procedure. After HPLC separation, collection of the peak corresponding to 

Cer and counting recovered radioactivity will indicate the final yield, which usually 

ranges from 80 to 90%. 

General Comments 

1. Accumulation of excess derivatization reagents and polar lipids on the HPLC column 

wil l ultimately alter the chromatographic characteristics and reduce the performance of 

the column. Routine injection of approximately five sample volumes of 100% 2-

propanol at the end of each set of cell samples is therefore recommended to prevent 

continuous accumulation of polar material. Alternatively, prefractionation by standard 

column chromatography (see, e.g., Ref. 9) to obtain the neutral (glyco)lipid fraction wil l 

considerably lengthen the lifespan of the HPLC column. 
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2. It is commonly observed that normal-phase silica HPLC is very sensitive to ambient 

conditions such as temperature and humidity, as is reflected by changes in peak 

symmetry and appearance of (front) shoulders. Also, during the analysis of a large set of 

samples, such small deviations are sometimes observed but can be resolved by subtle 

changes in flow-rate and/or isopropanol content. It is recommended to inject a standard 

Cer sample after every set of approximately five samples to monitor possible changes in 

the elution profiles. 

3. A typical set-up for a pilot experiment to quantitate (changes in) cellular Cer levels 

wi l l include the following samples: a) reaction blank (i.e. derivatization reagents only in 

a glass tube); b) different amounts of standard bovine brain Cer; c) total lipid extracts of 

cells of interest (under normal and stimulated conditions); d) total lipid extracts of cells 

of interest after treatment with bacterial sphingomyelinase (B.cereus or Staphylococcus 

aureus) to reveal the approximate Cer species pattern that will result from cellular 

sphingomyelin hydrolysis by endogenous sphingomyelinase(s). 

4. Under certain cell stimulation conditions, preparations containing glycerol (e.g. 

monoclonal antibodies, purified enzymes) are used. It is difficult to completely wash 

away the glycerol from the cells prior to lipid extraction and derivatization. A major 

peak eluting right after the solvent front corresponding to glyceroltribenzoate will appear 

in the chromatogram of these samples. 
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