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Abstract
The ability to measure endogenous metabolites of retinoids (vitamin A and its derivatives) in
biological samples is key to understanding the crucial physiological actions of vitamin A. Over the
years, many assays and methods have been developed to analyze different retinoids in biological
samples. Liquid chromatography is the best analytical technique for routine analysis of these
compounds. However, due to their different chemical properties, different retinoid metabolites
cannot be accurately separated and quantified in a single chromatographic run. Here, we will
describe a reverse-phase HPLC isocratic method that enables extraction, separation, identification,
and quantification of all-trans-retinol and different molecular species of retinyl ester with high
accuracy, sensitivity, and reliability.
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1. Introduction
Vitamin A is a lipid-soluble hormone that regulates the transcription of a number of genes
that are crucial for many important biological functions (1). Adequate levels of retinoids
(vitamin A and its derivatives) in serum and tissues are essential to maintain the health of
the body (2). Retinoid homeostasis is achieved through a series of complex mechanisms that
regulate absorption, storage, transport, and metabolism of this nutrient. Mammals obtain all
vitamin A and its derivatives from the diet as preformed dietary vitamin A (retinyl esters,
retinol, and very small amounts of retinoic acid) from animal products or as β-carotene from
vegetables and fruits (3). Within the intestinal mucosa, all retinol, regardless of its dietary
origin, is enzymatically re-esterified with long-chain fatty acids and, together with other
dietary lipids, packaged into chylomicrons and secreted into the lymphatic system (4). Once
in the general circulation, chylomicrons undergo lipolysis of the triglycerides giving rise to
free fatty acids and smaller lipoprotein particles called chylomicron remnants, still retaining
retinyl ester (5, 6). Approximately 75% of retinoids within chylomicron remnants are
cleared by the liver, the major site of vitamin A storage and metabolism, while the
remaining can be taken up by extrahepatic tissues (7–9). To meet tissue retinoid needs, the
liver secretes retinol into the circulation, bound to its sole-specific transport protein retinol-
binding protein (RBP; also known as RBP4) (10, 11). Upon recognition of the serum
retinol–RBP complex by Stra6, its recently identified specific membrane receptor (12),
target tissues acquire retinol which can be subsequently oxidized to retinoic acid, the active
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form of vitamin A (4). Retinoic acid acts as a ligand for specific nuclear receptors that, in
turn, control gene transcription (1).

The levels of circulating retinol and retinyl ester reflect the whole-body vitamin A status,
which is determined by both the concentration of retinoids within the stores and the recent
dietary retinoid intake. Therefore, the ability to measure endogenous retinoid levels in serum
and tissues is pivotal to elucidate the regulatory mechanisms that maintain retinoid
homeostasis and, ultimately, to overcome many pathological conditions and diseases that
have been associated with alterations in retinoid metabolism (13–19). For routine
assessment and characterization of retinoids in biological samples, liquid chromatography is
the best analytical technique. The different chemical properties of the retinoid metabolites
do not allow accurate quantification of retinol, its isomers, retinal, retinyl esters, and retinoic
acid in a single chromatographic run (20). In addition, the levels of retinoic acid in
biological samples are extremely low, thus requiring sophisticated methods for their
accurate quantification (21, 22). Herein, we will describe the extraction, separation,
identification, and quantification of all-trans retinol and retinyl esters in murine serum and
tissues. The mouse is the most commonly used experimental animal model to study whole-
body vitamin A metabolism. However, this method can also be used to measure retinoid
concentrations in cell culture system or in human samples.

To date, many assays have been developed to analyze retinol and retinyl ester levels in
biological samples (23–28). Some of the previously described methods focus on separation
of the different molecular species, but either do not offer a rigorous quantification or do not
have high sensitivity. Others provide precise identification and robust quantification of
several retinoid compounds, but do not allow separation of the different molecular species of
retinyl ester (20). In this chapter, we describe a reverse-phase high-performance liquid
chromatography (HPLC) isocratic method that allows the accurate extraction, separation,
identification, and quantification of all-trans-retinol and different molecular species of
retinyl ester with a high analytical performance. The sample requirement (from 50 to 200
mg tissue and 80–100 μl serum), the high recovery during extraction (ranging from 75 to
95%), the lower limits of detection (defined as signal/noise ratio of 3:1) of 0.35 and 0.95
pmol for retinol and retinyl palmitate, respectively, and the relatively short run time (35
min) make this method comparable to others recently reported in detail (20). In addition, this
method is also suitable for simultaneous analysis and quantification of retinoid and
carotenoids from biological samples (29). This methodology, routinely used in our
laboratory (30), was originally established by Blaner and colleagues (29).

2. Materials
2.1. Preparation of the Standards

1. Ethanol (ACS grade).

2. Retinol (Sigma).

3. Retinyl acetate (Sigma).

4. Retinyl palmitate (Sigma).

5. Amber vials with cap.

2.2. Retinoid Extraction
1. Fresh or frozen serum or tissues (see Note 1).

2. Internal standard (retinyl acetate).

3. Ethanol (ACS grade).
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4. Hexane (HPLC grade).

5. H2O (HPLC grade).

6. PVDF filter membrane (0.22 μm, 47 mm).

7. All-glass filtration unit.

8. Phosphate buffer saline (PBS), for tissues only.

9. N2 gas, Evap-O-Rac System (Cole-Parmer).

10. PRO200 Homogenizer (PROscientific), for tissues only.

11. Glass Pasteur pipettes (9 in.) and rubber bulbs.

12. Polypropylene tubes (12 mm × 75 mm).

13. Glass test tubes (13 mm × 100 mm; 16 mm × 100 mm).

2.3. Retinoid Analysis
1. High-performance liquid chromatography system (see Note 2).

2. Column (see Section 3.4.2, Beckman, Part. no. 235329; see Note 3).

3. Guard column (PerkinElmer, Part. no. 0711-0092).

4. Amber vials (National scientific, cat. no. C4000-2 W; see Note 2).

5. Capacity glass vial inserts (300 μl; National scientific, cat. no. C4010-630; see
Note 4).

6. Vial caps with PTFE/Silicon septa (National scientific, cat. no. C4000-54A; see
Note 5).

7. Methanol (HPLC grade).

8. Acetonitrile (HPLC grade).

9. Methylenechloride (HPLC grade).

3. Methods
Due to the light-sensitive nature of retinoids, all the following experimental procedures
should be performed “in the dark” (see Note 6).

3.1. Preparation of the Standards
1. Prepare stock solutions of standards by dissolving each standard into the

appropriate solvent as follows: ethanol for retinol and retinyl acetate; hexane for
retinyl palmitate.

1All samples will be flash-frozen in liquid N2 immediately after dissection and stored at −80°C until analysis will be performed. If
possible, dissection should be carried “in the dark” (see Note 6) to minimize losses of light-sensitive retinoids.
2All the HPLC accessories such as amber vials, vial inserts, and caps described in this chapter are compatible with the Dionex
Ultimate 3000 series HPLC instrument. Different HPLC systems might require other types of accessories.
3In our experience, this Beckman column has shown reproducible results (consistent retention times) over time.
4These glass inserts are held into the vial by a spring that provides a cushion against needle contact. Once the sample analysis is
completed, we recommend saving the spring for further assembly of new vials.
5These vial caps and septa can also be purchased separately (cap w/o septa, National Scientific, cat. no. C4000-98BLK; septa,
National Scientific, cat. no. C4000-60).
6The extraction of retinoids from serum and tissues must be carried out rapidly “in the dark,” and all the extraction steps should be
performed on ice or in a cold room. Laboratory windows should be covered with appropriate materials such as aluminum foil or heavy
curtains (a room with no windows is the ideal setting to perform this procedure). Artificial lighting should be provided by yellow light
bulbs sold in retail stores. Alternatively, use dim light and never expose the samples to direct illumination.
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2. Stock standard solutions should be prepared in amber vials and kept at −20°C (see
Note 7).

3. Dilute each standard solution up to approximately 1 ng/μl (see Note 8).

4. Measure the absorbance of the diluted standard solutions by spectrophotometer at
325 nm (see Note 9).

5. Calculate the concentration of each standard solution based on the O.D. and the
specific extinction coefficient (see Note 10).

6. Aliquot the diluted standard solutions in small amber vials and keep them at −20°C
(see Note 8).

3.2. Determination of the Calibration Curves
3.2.1. Detection Limits

1. Prepare a series of dilutions with different amounts for each standard (retinol,
retinyl acetate, and retinyl palmitate) (see Note 11).

2. Inject the dilutions into the HPLC column (see Note 12).

3. Integrate the peak signals detected by UV absorbance at 325 nm and obtain the
peak areas. Generate a standard curve by plotting the amount of each standard
dilution on the x-axis and the corresponding peak area on the y-axis (Fig. 15.1a).

3.2.2. Standard Curves
1. Prepare two series of standard solutions with different molar ratio of retinol–retinyl

acetate and retinyl palmitate–retinyl acetate in HPLC amber vials as follows (see
Note 13):

Retinol:retinyl acetate (m:m) = 0.1:1, 0.25:1, 0.5:1, 1:1, 2:1 (retinyl acetate
concentration should be approximately 1 ng/μl)

Retinyl palmitate:retinyl acetate (m:m) = 0.1:1, 0.25:1, 0.5:1, 1:1, 2:1, 3:1, 4:1, 5:1
(retinyl acetate concentration should be approximately 2 ng/μl)

7Highly concentrated retinoid standard stock solutions may degrade over time, even if stored at −20°C. The optimal recommended
concentration of stock solutions is approximately 1 mg/ml. 30 mL is the suggested volume for a stock solution. Standard solutions
prepared as indicated can be kept for several months at −20°C.
8Diluted standard solutions are kept in amber vials. We recommend preparing small aliquots of 3–4 ml of the diluted standard
solutions. Degradation or losses of the compounds can be minimized by flushing the headspace of the vial with N2 gas every time
before closing the cap. It is recommended to analyze each aliquot of the diluted standards by HPLC before use, to check its quality.
9Use 1-cm-width quartz cuvette (1 ml).

10The extinction coefficient ( ) depends upon the compound and the solvent in which it is dissolved. The extinction coefficient
for retinyl acetate dissolved in ethanol is 1550, for retinol dissolved in ethanol is 1835, and for retinyl palmitate dissolved in ethanol is
975.
11The detection limit depends upon the detector and the column used. The range of concentrations tested should be chosen based on
the retinoids content of the tissue analyzed. See Fig. 15.1a for a typical example of a detection limit curve.
12How to operate the HPLC system will depend on the type of instrument and the description of this procedure does not pertain to this
work. We only recommend monitoring the column pressure and the baseline of the target wavelength prior to loading the samples.
Each dilution is run on the HPLC in triplicate. The injection volume varies according to the HPLC system and/or the protocol used.
Twenty microliter is the standard injection volume for this protocol.
13After adding the appropriate volume (according to the molar ratio) of the different retinoid compounds into a glass test tube, dry out
each solution under a gentle stream of N2 gas and re-suspended in mobile phase. Vortex well and transfer into the insert of the HPLC
amber vial immediately.
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2. Inject the different standard solutions on the HPLC column (see Note 12).

3. Integrate the peak signals detected by UV absorbance at 325 nm and obtain the
peak areas. Generate a standard curve by plotting the molar ratio between the
retinoid compound of interest and the internal standard on the x-axis and the
corresponding peak area on the y-axis (Fig. 15.1b).

3.3. Retinoid Extraction
3.3.1. Serum Extraction (See Note 6)

1. Add 100 μl of serum into a glass test tube.

2. Add 25 μl of the internal standard retinyl acetate and add ethanol so that the ratio
between the total volume of ethanol and the total volume of serum used for the
extraction is 1:1 (for example, if 150 μl of serum is used, 25 μl of the internal
standard and 125 μl of ethanol will be added) (see Note 14).

3. Vortex the tube briefly.

4. Add 4 ml of hexane (see Note 15) and vortex for 30 s two times (see Note 16).

5. Centrifuge at 3,000 rpm for 3 min in a tabletop low-speed centrifuge (see Note 17).

6. By using a glass Pasteur pipette, transfer the upper phase into a new glass test tube
containing 500 μl of H2O.

7. Vortex the new tube briefly.

8. Repeat step 5 and transfer the supernatant into a new glass test tube with a glass
Pasteur pipette (see Note 18).

9. Dry the supernatant under a gentle stream of N2, by using the Evap-O-Rac System
(Cole-Parmer).

10. Dissolve the sample in 50 μl of mobile phase (see Note 19) and transfer into a vial
for injection on the HPLC column.

3.3.2. Tissue Extraction (See Note 6)
1. The weight of the tissue for extraction will depend on its retinoid content. For the

purpose of explaining the procedure, we will describe retinoid extraction from
liver, for which we recommend to use 100 mg (see Note 20).

14The suggested concentration of internal standard is 1 ng/μl. Note that the internal standard is dissolved in ethanol, and therefore its
volume should be taken into account when calculating the total ethanol volume required to perform the extraction.
15Once hexane is added, retinoids are stable. In other words, extraction procedures must be performed rapidly until the addition of
hexane.
16During this step, it is recommended to increase the speed of the vortex slowly so as to avoid spill over of solvent. One should also
hold the glass tube from the side. Placing a finger on top of the tube may cause impurities to contaminate the sample, should the
solvent overflows while mixing.
17After this centrifugation step, the sample will consist of two layers: the bottom layer is the aqueous phase and it is slightly cloudy;
the top, clear layer is the solvent phase containing retinoids. At the interface between the two layers and/or at the bottom of the tube,
white or pinky colored tissue residues can be present.
18After this centrifugation step, the sample will consist of two layers: the bottom layer contains water and the top layer contains the
solvent. Both layers are clear and no residues are visible. Carefully transfer only the upper layer without touching the lower layer.
19This step should be performed rapidly to avoid sample evaporation. Assemble the HPLC vials (insert vials, cap with septa, etc)
ahead. In addition to serum, most tissues can be easily re-suspended in mobile phase. Should this not be the case, the sample appears
cloudy and should not be injected on the HPLC column. For example, adipose tissue should be re-suspended in an alternative solvent,
such as benzene, mobile phase:benzene (3:2, v:v), acetonitrile.
20For adipose, we recommend to perform the extraction with less than 50 mg of tissue. For embryos at 14.5 dpc (approximately 200
mg), we suggest using the whole embryo and for adult prostate tissue the whole organ (about 40–50 mg).
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2. Place 100 mg of liver into a polypropylene tube containing 2 ml of PBS (see Note
21).

3. Homogenize at medium speed for 10 s (see Note 22).

4. Transfer 200 μl of the homogenate into a glass test tube (see Note 23).

5. Add 100 μl of internal standard retinyl acetate and 100 μl of ethanol (see Note 14).

6. Vortex the tube briefly.

7. Follow the procedure described for serum extraction from step 4 (see Note 24).

3.4. High-Performance Liquid Chromatography (HPLC) Analysis (See Note 25)
3.4.1. Preparation—Prepare the mobile phase according to the protocol below (see of the
Mobile Phase Note 26):

Acetonitrile 70%

Methanol 15%

Methylenechloride 15%

3.4.2. Chromatography Conditions

Column Beckman Ultrasphere C18 (5 μm), 4.6 mm × 250 mm

Guard column C18 (7 μm), 15 mm × 3.2 mm

Flow rate 1.8 ml/min

Run time 35 min

Injection volume 20 μl

PDA detection wavelength 325 nm

3.4.3. Determination of the Retinoid Concentration—Integrate the peak signals
detected by UV absorbance at 325 nm and obtain the peak areas for each of the different
retinoids separated and identified upon the chromatographic run. The mass of each retinoid
compound present under its HPLC peak will be determined from the area under the peak,

21Different volumes of PBS may be chosen to homogenize different tissues due to their different retinoid content. For example, 1 ml
of PBS is recommended to homogenize a 14.5 dpc embryo, 2 ml of PBS for 50 mg of adipose tissue, and 1 ml of PBS for an adult
prostate.
22To avoid contaminations during the homogenization step, remember to wash the probe carefully with clean PBS between each
samples.
23Liver is a tissue with a high concentration of retinoids. Therefore, we recommend to perform the extraction with only one-tenth of
the homogenate. However, the optimal homogenate volume for the extraction may vary, depending on the retinoid content of the
tissue. For example, in the case of retinoid extraction from embryo, we recommend performing the extraction with the entire (or one-
half) volume of the homogenate (1 ml). We also suggest using the whole volume of homogenate to perform the extraction from
adipose (2 ml) or from prostate (1 ml).
24It is not recommended to perform retinoid extraction from tissue homogenates previously stored at −20°C, as degradation of
retinoids may occur. Freshly prepared tissue homogenates are preferred.
25When assembling the samples for injection on the HPLC column, we recommended inserting a blank sample (mobile phase only)
every 5–6 samples to clean the column from potential impurities.
26Filter the mobile phase with the glass filter unit under vacuum by using the PVDF filter membrane. This step helps proper mixing
of the different solvents and removes potential impurities. Furthermore, the mobile phase should be placed in an ultrasonicator for 30
min to degas it.
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using the equation of the standard curve generated as described above (see Note 27). A
typical liver retinoid HPLC chromatogram is shown in Fig. 15.2.
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Figure 15.1.
Examples of limit of detection and standard curve. (a) Representative calibration curve for
all-trans-retinol (at-ROL). On the x-axis, retinol mass is expressed in picomoles. On the y-
axis the peak area is expressed as absorbance units (mAU). (b) Representative standard
curve for retinol:retinyl acetate. On the x-axis are the molar ratios of all-trans-retinol (at-
ROL) and retinyl acetate (Rac). On the y-axis the peak area is expressed as absorbance units
(mAU). All r2 values are greater than 0.99.
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Figure 15.2.
Representative chromatogram from reverse-phase HPLC analysis of retinol and retinyl
esters in mouse liver. Retinoids were detected by UV absorbance at 325 nm and retinol and
retinyl esters (retinyl palmitate, oleate, linoleate, and stearate) were identified by comparing
peak integrated areas for unknowns against those of known amounts of purified standards,
according to previous reports (29). On the x-axis, the retention time is expressed as minutes.
On the y-axis the peak area is expressed as absorbance units (mAU). Peak 1, retinol; peak 2,
internal standard retinyl acetate; peak 3, retinyl linoleate; peak 4, retinyl oleate; peak 5,
retinyl palmitate; peak 6, retinyl stearate.
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