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a b s t r a c t
A high-performance liquid chromatographic method that accurately measures glycerol and myo-inositol
from plasma and tissue is described. The method incorporates a pre-column derivatization reaction using
aqueous extracts with benzoyl chloride as a modifying agent. The benzoylated derivatives are isolated by
HPLC using reversed-phase gradient chromatography and quantiﬁed via absorbance detection at 231 nm.
The benzoylated derivatives of glycerol and myo-inositol are well resolved from other known carbohydrates, internal standard and other contaminants encountered within samples and during incubation.
The benzoylation of these analytes reach a maximum between 3.5 and 6 h of incubation and are stable
for at least 24 days at 4 ◦ C. The limit of quantization (LOQ) of glycerol was equal to 2.5 nmol/ml plasma and
6.4 nmol/g tissue and the LOQ of myo-inositol was 1.8 nmol/ml plasma and 3.6 nmol/g tissue. Incubation
of known standards and samples with benzoyl chloride at 40 ◦ C for 4 h showed fully benzoylated products
as determined by mass spectral analysis. Calibration curves were linear between 2.7 and 174 nmol for
glycerol and 1.4–89 nmol for myo-inositol. Comparison of tissue and plasma concentrations of glycerol
and myo-inositol found using this method are in good agreement with other reported values using other
techniques.
© 2009 Elsevier B.V. All rights reserved.

1. Introduction
The polyhydroxyl compounds glycerol (1,2,3-propanetriol) and
myo-inositol (1,2,3,4,5,6-hexahydroxycyclohexane) are essential
metabolic precursors for the synthesis of triacylglycerol and membrane phospholipid [1–4]. The cellular content of these molecules
are indicators of lipogenic breakdown [5], metabolic stress [6,7],
and can be used to determine cellular glycolytic status [8]. The
serum content of glycerol is positively correlated as a marker of
cardiovascular disease [9] and post-traumatic membrane breakdown in rats [5]. The plasma and tissue content of glycerol is
considered an index of cardiac triacylglycerol [8,9] as well as
glycerol-3-phosphate [10] metabolism. Concurrently, phospholipase C-mediated turnover of myo-inositol-containing phospholipid
is dependent on cell signaling and is the precursor of the biologi-
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cally important inositol phosphates [11]. Therefore, being able to
rapidly and reproducibly quantify plasma and tissue concentrations
of these compounds are important to determine cellular phospholipid and glycolytic metabolism in vivo.
A signiﬁcant body of knowledge exists regarding the separation and quantiﬁcation of many polyhydroxyl compounds using
thin-layer chromatography [13,14], enzyme-linked assays [15,16],
pulsed amperometric detection [17], mass spectral analysis [18,19],
and UV detection [20–22]. The most commonly used methods
for measuring glycerol and myo-inositol involves enzyme-linked
assays based on the reduction of NAD by glycerokinase and glycerophosphate dehydrogenase or myo-inositol dehydrogenase and
malate dehydrogenase [15,16], respectively. Although these assays
are sensitive, they are often complicated due to interference by
detergents, salts, and other compounds found in biological samples
[27]. In addition, these methods do not allow for further processing
of the sample and can be time consuming because each compound
must be assayed individually. Gas–liquid chromatography methods
with various modes of detection, such as ﬂame ionization detection
[19] and ion trap mass spectrometry [18] are also available. These
methods provide reliable and sensitive results but require the use
of costly equipment which is often not available. These methods are
also destructive to the parent analyte preventing further processing
of samples.
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When further processing following quantization is desired, it
is necessary that the method of detection not be destructive to
the parent molecule. For this reason, HPLC methods using in-line
detection are optimal. Unfortunately, glycerol and myo-inositol
lack chromophoric properties making their isolation and detection
difﬁcult [12]. Recently, a method to measure serum non-esteriﬁed
myo-inositol and glycerol was reported [20]. This method employs
a Schotten–Baumann reaction in which glycerol and myo-inositol
is modiﬁed with benzoyl chloride then quantiﬁed using HPLC and
UV detection. However, in the presence of strong alkaline solutions
required for the Schotten–Baumann reaction, endogenous glycerol
and myo-inositol found esteriﬁed in serum glycerophospholipid
are released and benzoylated along with the endogenous polyhydroxyl compounds. Thus, this method did not account for potential
phospholipid-derived contamination and is not amendable to the
analysis of tissue samples.
To address this problem we have reﬁned this method to accurately measure both glycerol and myo-inositol and have adapted it
for use with tissue. As reported herein, this method allows for the
reproducible and accurate quantization of both plasma and tissue
glycerol and myo-inositol levels which are comparable to established literature values. Further, the procedure is adaptable to most
two-phase extraction protocols and provides for the simultaneous
determination of total lipid, glycerol, myo-inositol, as well as other
polyhydroxyl compounds from a single sample.
2. Experimental
2.1. Chemicals
Benzoyl chloride, carbohydrate standards, myo-inositol, glycerol, phloroglucinol (1,3,5-benzenetriol, internal standard), and
other chemicals were purchased from Aldrich Chemicals (Milwaukee, WI). Radiolabeled [1,2-3 H] myo-inositol (10–20 Ci/mmol) was
purchased from PerkinElmer (Boston, MA). HPLC-grade acetonitrile
and n-hexane and reagent-grade chloroform, methanol, sodium
hydroxide, and hydrochloric acid were from EMD Science (Gibbstown, NJ). Analytical grade formic acid was from Sigma (St. Louis,
MO) and sodium pentobarbital and sodium heparin was from Baxter Healthcare Corp. (Deerﬁeld, IL).
2.2. Animals
This study was conducted in accordance with the National Institutes of Health Guidelines for the Care and Use of Laboratory
Animals (NIH Publication No. 80-23) under an animal protocol
approved by the University of North Dakota Animal Care and Use
Committee. Male Sprague–Dawley rats (Charles River, Indianapolis, IN) were maintained on standard laboratory chow (2018 Teklad
Global 18% protein rodent diet, Harlan, Madison, WI) and provided
water ad libitum for 2 weeks prior to inclusion in this study. All
rats weighing between 170 and 195 g were fasted for 12 h prior
to surgery to normalize blood glucose and fatty acid levels [23].
Rats were anesthetized with 3% halothane (Halocarbon, River Edge,
NJ) and polyethylene catheters (PE 50, Becton Dickinson, Sparks,
MD) ﬁlled with sodium heparin (100 IU) were implanted into the
right femoral artery and vein. The skin was closed with surgical
clips and 1% lidocaine was applied to the wound to lessen pain.
The rat was then taped to a wooden block and allowed to recover
from anesthesia for 4 h. Arterial blood samples (200 l) were taken
from recovered rats to determine plasma glycerol and myo-inositol
levels prior to being euthanized with an intravenous injection of
pentobarbital (100 mg/kg). All rats were subjected immediately to
head-focused microwave irradiation to stop brain metabolism. The
heart, liver, muscle, testis, and kidney samples were removed and

ﬂash frozen in liquid nitrogen. The post-mortem interval for all
non-microwaved samples did not exceed 3 min.
2.3. Tissue extraction
Samples from heart, liver, muscle, testis, kidney, and
microwaved brain were frozen in liquid nitrogen and pulverized in a tissue press (Biospec, Bartlesville, OK). The pulverized
tissues were extracted in a glass Tenbroeck tissue homogenizer
using a two-phase system [24]. Brieﬂy, 1.0 g of tissue was homogenized in 18 ml chloroform/methanol (1:2, by vol.) containing
200 l 6N HCl. A 6.0 ml aliquot of chloroform was added to
the extract and phase separation was induced with 6.0 ml of
2 M KCl containing 0.5 M H3 PO4 followed by centrifugation at
room temperature (600 × g). The lower chloroform layer was
transferred to a second tube and the upper aqueous layer was
washed once with 12.0 ml chloroform. The organic fractions were
combined then washed with 10 ml of theoretical aqueous phase
(chloroform/methanol/H2 O (1:12:12 by vol.)) containing 100 l
6N HCl. Following centrifugation the upper phases were combined
and stored at −20 ◦ C until use. Plasma samples from whole blood
collections were extracted in chloroform/methanol (2:1, by vol.)
as described [25] using 0.15 M KCl to induce phase separation.
Following centrifugation at room temperature (600 × g) the lower
chloroform phase was removed and was washed with theoretical
upper phase as described above. Following a second centrifugation
the two upper phases were combined and the extracts were stored
at −20 ◦ C until use.
2.4. Sample derivatization
A sample from the aqueous extract was transferred to a glass
screw-top test tube (13 mm × 100 mm) and concentrated to zero
at 75 ◦ C. A 1.0 ml aliquot of 4N sodium hydroxide containing internal standard (phloroglucinol, 1,3,5-benzenetriol) was added to the
sample then mixed until the samples was completely dissolved. To
start the reaction, a 0.5 ml aliquot of n-hexane and 200 l benzoyl
chloride (Sigma, St. Louis, MO, ≥99%, density 1.212 g/ml) was added
to the sample and capped with a Teﬂon-lined closure. The samples
and standards were mixed gently then incubated in a metabolic
incubator (Boekel Grant, Feasterville, PA) at 40 ◦ C for 4 h. Samples used to determine the reaction time course were incubated
between 15 min and 6 h.
Parallel incubations were performed on a phosphatidylinositol
standard (Avanti Polar Lipids, Alabaster, AL) to demonstrate the
necessity for sample extraction prior to derivatization. Recovery of
myo-inositol was performed using known amounts of radiolabeled
[1,2-3 H] myo-inositol in parallel incubations with a ﬁnal concentration ranging between 1 and 6 pmol. Following incubation, the
benzoyl ester derivatives were extracted out of the reaction vessel using three washes with 2.0 ml n-hexane. The n-hexane washes
containing the benzoyl ester derivatives were combined and concentrated to zero via vacuo at 45 ◦ C for 1 h using a SpeedVac®
System (ThermoSavant, Milford, MA). The concentrated extracts
were re-solvated in 1.0 ml H2 O/acetonitrile (42:58, by vol.) and
stored at 4 ◦ C until use.
2.5. Standard solutions
Stock standard solutions (10 mg/ml) were prepared by dissolving commercial preparations of d-fructose, glycerol, phloroglucinol
(internal standard), d-glucose, myo-inositol, and d-sorbitol in
sodium hydroxide (4N). Standard working solutions were obtained
by making appropriate dilutions of the stock solutions in sodium
hydroxide (4N). For routine calculations, the working internal standard solution (0.1 mg/ml phloroglucinol) was prepared by diluting
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the internal standard stock with sodium hydroxide (4N). All solutions were stored at 4 ◦ C and discarded after 2 weeks.
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3. Results
3.1. Chromatography, reaction time course, and recovery

2.6. Chromatography
The separation and quantiﬁcation of benzoylated samples and
standards were performed using a WatersTM 1525 binary HPLC
pump equipped with a column heater, 2487 dual wavelength
absorbance detector, and a 717plus Autosampler (Milford, MA).
Waters BreezeTM software (Ver. 3.30, Milford, MA) was used for
instrument control, data acquisition, and peak area analysis. Separations were performed on a Waters Sunﬁre® C18 reversed-phase
column (250 mm × 4.6 mm, 5 m, Milford, MA) and peak detection was performed at 231 nm. A gradient elution using H2 O and
acetonitrile similar to that reported [26] was used to isolate the benzoylated derivatives. Brieﬂy, a ﬂow rate of 1.0 ml/min and a column
temperature of 55 ◦ C were maintained throughout the separation.
An initial solvent composition of 42% H2 O and 58% acetonitrile was
maintained at injection and held for 5 min. At 5 min the proportion
of acetonitrile was increased linearly to 80% over a 41 min period
then held at 80% for 1 min. At 47 min the proportion of acetonitrile was increased linearly to 95% over 1 min and held at 95% for
5 min. At 53 min, the elution solvent was returned to the initial composition over a 2 min period and allowed to equilibrate for 5 min
prior to starting the next injection. All samples were held at room
temperature and mixed thoroughly prior to injection.
2.7. Mass spectral analysis

A chromatogram of liver extract showing peak resolution of
benzoylated d-fructose, glycerol, phloroglucinol, d-glucose, internal standard, myo-inositol, and d-sorbitol is shown in Fig. 1 (Panel
A). Peak identiﬁcation was performed by measuring the relative
retention times of benzoylated analytes to the internal standard
phloroglucinol. The benzoylated analytes are well resolved from
reagent peaks (2.0–20.0 min, Fig. 1, Panel B) and other interfering contaminates encountered from extracted tissue. The retention
times of d-fructose, glycerol, phloroglucinol (internal standard), dglucose, myo-inositol, and d-sorbitol were 14.4, 23.5, 34.7, 42.2,
45.8, and 48.0 min, respectively. With the exception of d-glucose,
all benzoylated samples and standards were separated with baseline resolution. To demonstrate the need for extraction of samples
prior to analysis, a chromatogram was generated by incubating a
phosphatidylinositol standard with benzoyl chloride as outlined in
the methods section (Fig. 1, Panel B). This chromatogram demonstrates that the reaction conditions used to form the benzoylated
derivatives degrade membrane phospholipid, resulting in benzoylated glycerol and myo-inositol. Thus it was determined that the
extraction of samples prior to analysis was necessary to achieve an
accurate measure of the concentration of endogenous glycerol and
myo-inositol.
Using the above separation a reaction time course was generated by incubating 6 nmol of glycerol together with 3 nmol of

Mass spectrometry was performed on samples collected following separation by HPLC using a quadrupole mass spectrometer
(API3000, Applied Biosystem, Foster City, CA) equipped with a
Turbo Ion Spray ionization source (TSI). Analyst® software (Ver.
1.4.1) was used for instrument control, acquisition, and data analysis. Using a syringe pump, the samples, 6 pmol/l benzoylated
glycerol dissolved in 65% acetonitrile, or 9 pmol/l benzoylated
myo-inositol dissolved in 80% acetonitrile both having ﬁnal a concentration of 0.1% formic acid, was infused directly into the TSI
source (10 l/min). The source was operated in ion electrospray
mode at 27 ◦ C with an electrospray voltage of 5000. The mass
spectrometer was operated in positive Q1 full scan mode at unit
resolution with a scan cycle time of 2.0 s and number of scan cycles
equal to 71. The focusing and entrance potentials were optimized
at 200 and 10 V, respectively while the optimal declustering potential for benzoylated myo-inositol was 40 and 5 V for benzoylated
glycerol.
2.8. Calculations
Plasma and tissue concentrations of glycerol and myo-inositol
were calculated based on standard curves using the internal standard phloroglucinol as outlined below:

 (Peak area analyte/peak area phloroglucinol) − y intercept 
slope
× [phloroglucinol] = [analyte]

In this equation the term “analyte” represents either glycerol or
myo-inositol and the terms [phloroglucinol] and [analyte] represents the concentration of each, respectively. Peak area analysis was
performed using Waters BreezeTM Software (Ver. 3.30, Milford, MA)
and linear regression analysis to measure the slope and y-intercept
from experimentally determined calibration curves was performed
using SigmaPlot for Windows (Ver. 10, Systat Software Inc., Chicago,
IL). Tissue and plasma levels are reported in units of mmol/kg wet
weight and mmol/l. All data is reported as means ± SD.

Fig. 1. Chromatogram illustrating the elution orders of benzoylated carbohydrates, glycerol, myo-inositol, and internal standard (phloroglucinol) from a liver
extract (Panel A). Chromatogram demonstrating reagent peaks and the formation
of benzoylated glycerol and myo-inositol from pure phosphatidylinositol following
derivatization as outlined in the experimental section (Panel B). Solid line indicates
the percent of acetonitrile used to separate the benzoylated products.
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myo-inositol in a single reaction vessel. This experiment illustrated
that the peak area absorbance of the two benzoylated derivatives
reach a maximum by 240 min and remained stable for up to 360 min
(data not shown). The calculated peak area ratio between the two
samples show that there was a linear increase in their absorbance
ratio between 15 and 210 min reaching a maximum peak area ratio
of 1.0 between 210 and 360 min. Comparison of the change in the
peak area as a function of time showed that glycerol was converted
more rapidly than myo-inositol having conversion rates of approximately 0.04 and 0.03 pmol/min, respectively. As expected, based
on the molar equivalent concentration of free hydroxyl groups of
the two analytes, the peak area ratio of the two analytes reached
a maximum of 1.0 between 210 and 360 min suggesting that the
efﬁciency of the reaction and the recovery of sample were equal for
each analyte. Sample recovery of myo-inositol was determined by
performing incubations on samples containing known amounts of
[1,2-3 H] myo-inositol with ﬁnal concentrations ranging between 1
and 6 pmol. These studies showed that the recovery of radiolabeled
myo-inositol was 37.7 ± 0.5% (n = 3) for all concentrations measured
(data not shown).
3.2. Linearity and mass spectral analysis
Calibration curves for glycerol and myo-inositol (Fig. 2, Panels A and B) show that peak area for the two analytes doubled

Fig. 3. Mass spectrum of benzoylated glycerol (Panel A) showing mass distribution
of m/z 405.3 (Panel A, inset) and benzoylated myo-inositol (Panel B) showing mass
distribution of m/z 805.7 (Panel B, inset).

Fig. 2. Internal standard calibration curves showing the linear calibration range
between 2.7–174 and 1.4–89 nmol for glycerol (Panel A) and myo-inositol (Panel B),
respectively. Values represent the peak area ratio of glycerol and myo-inositol to
that of the internal standard phloroglucinol (means ± SD (n = 5)). Abbreviation: RPA,
relative peak area.

when the concentrations were doubled and remained linear within
a calibration range of 2.7–174 nmol for glycerol and 1.4–89 nmol
for myo-inositol. Regression analyses of the calibration data show
that the coefﬁcients of correlation were 0.999 for both benzoylated analytes. The calculated slopes of benzoylated glycerol
and myo-inositol were 8.14 × 10−2 and 8.44 × 10−2 pmol/V × s,
respectively. The absorption spectrum and mass spectral analysis
of the benzoylated derivatives was determined using pooled calibration samples isolated by HPLC. As opposed to the native and
optically silent precursor analytes, the benzoylated glycerol and
myo-inositol standard derivatives had absorption maximum at 195
and 231 nm when dissolved in H2 O/acetonitrile (20:80, by vol.).
Mass spectral analysis of the benzoylated glycerol isolated from
HPLC showed a characteristic molecular ion at m/z 405 and a
(M+Na+ )+ ion at m/z 427 with a relative abundance of approximately 45 and 55%, respectively (Fig. 3, Panel A). The mass spectrum
obtained for the benzoylated myo-inositol showed characteristic
molecular ion at m/z 806 and a (M+Na+ )+ ion at m/z 828 with a
relative abundance of approximately 95 and 5% (Fig. 3, Panel B).
The Fig. 3A and B insets show protonated molecular ions (M+H)+ at
m/z 405.3 for benzoylated glycerol and m/z 805.7 for benzoylated
myo-inositol. The theoretical mass of fully benzoylated glycerol and
myo-inositol are m/z 404.1 and 804.2. Thus while there was interference in the mass spectral analysis due to the formation of M+Na+
ion with samples dissolved in a higher percentage of H2 O, no ions
were found of partially benzoylated glycerol (m/z 300 and 196),
native glycerol m/z 92, partially benzoylated myo-inositol (m/z 701,
596, 492, 388, and 284), native myo-inositol m/z 180, or for other
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Table 1
Intra- and inter-day variability for glycerol and myo-inositol using the benzoyl ester derivatization method compared to known standards.
Measured (nmol/ml)

Calculated (nmol/ml)
Intra-day (n = 5)

Inter-day (n = 5)

Mean ± SD (% RSD)

Relative error

Mean ± SD (% RSD)

Relative error

A. Glycerol
5.00
10.00
20.00
40.00
80.00

4.63
9.85
19.99
40.77
82.06

±
±
±
±
±

0.15 (3.2)
0.18 (1.8)
0.51 (2.6)
0.80 (2.0)
0.91 (1.1)

7.4%
1.5%
0.1%
1.9%
2.6%

4.95
10.32
20.91
42.64
84.23

±
±
±
±
±

0.04 (0.8)
0.09 (0.8)
0.53 (2.5)
0.23 (0.5)
1.75 (2.1)

1.1%
3.2%
4.6%
6.6%
5.3%

B. myo-Inositol
5.00
10.00
20.00
40.00
80.00

5.33
10.28
18.84
40.30
80.66

±
±
±
±
±

0.12 (2.3)
0.41 (4.0)
1.44 (7.7)
1.79 (4.4)
3.08 (3.8)

6.6%
2.8%
5.8%
0.8%
0.8%

5.31
9.69
20.45
40.79
78.59

±
±
±
±
±

0.05 (0.9)
1.13 (11.7)
0.45 (2.2)
2.59 (6.4)
1.92 (1.4)

6.2%
3.1%
2.3%
2.0%
1.8%

Values represent the calculated concentration (means ± SD (n = 5)) of glycerol (Panel A) and myo-inositol (Panel B) measured using internal
standard calculations. Percent relative error was determined comparing averaged calculated values to know standard concentrations. All
sample derivatives were dissolved in H2 O/acetonitrile (42:58, by vol.) and maintained at room temperature prior to analysis.

M+Na+ ion derivatives. The presence of the only fully benzoylated
products following isolation via HPLC is directly a result of the ﬁnal
hexane extraction. These results suggest that the polar nature of
free hydroxyl groups of the native and partially benzoylated polyhydroxyl moieties prevents their extraction into organic solvents
[12].
3.3. Variability, detection limits, and product stability
The inter- and intra-day variability assays for glycerol and
myo-inositol were performed using freshly prepared standards
and tissue and plasma extracts. Known standards ranging from
concentrations between 5.0 and 80.0 nmol/ml were converted to
their benzoylated derivatives then quantiﬁed via HPLC. The interday variation for the individual glycerol measurements ranged
between 0.8 and 3.2% (n = 55) and the intra-day showed a relative error range of 0.1–7.4% (n = 5) (Table 1, Panel A). The interand intra-day relative standard deviation for the individual myoinositol standards ranged between 0.9 and 11.7% and 0.8 and 6.6%,
respectively (Table 1, Panel B). The limit of quantization (LOQ) of
glycerol was equal to 2.5 nmol/ml plasma and 6.4 nmol/g tissue and
the LOQ of myo-inositol was 1.8 nmol/ml plasma and 3.6 nmol/g
tissue. The limit of detection of glycerol and myo-inositol, as determined by serial dilutions of know standards and samples were 70
and 17.5 pmol, respectively. The stability of the benzoylated myoinositol was determined from benzoylated standards stored at 4 ◦ C
for up to 28 days in H2 O/acetonitrile (42:58, by vol.) (Table 2).
These data show that there was no signiﬁcant change in the concentration of benzoylated myo-inositol between 0 and 24 days of
storage having a calculated concentration ranging between 13.6
and 13.7 nmol with a relative standard deviations ranging between
Table 2
Product stability of benzoylated myo-inositol.
Storage time (days)

Concentration (n = 3)
nmol

0
Day 3
Day 6
Day 12
Day 24

13.63
13.69
13.65
13.71
13.64

% RSD
±
±
±
±
±

0.12
0.02
0.07
0.04
0.18

0.9
0.1
0.5
0.3
1.3

Values represent the means ± SD (n = 3) of benzoylated myo-inositol standards following incubation at day 0 and following increasing storage times of the original
incubate for 3, 6, 12, and 24 days. All benzoylated samples were dissolved in
H2 O/acetonitrile (42:58, by vol.) and stored at 4 ◦ C until use.

0.1 and 1.3%. Benzoylated glycerol was equally stable to that found
with benzoylated myo-inositol showing no product degradation
for up to 1 month when stored at 4 ◦ C. Because sample preparation and analysis is time consuming, samples were processed in
group sizes ranging between 24 and 96. Performing analysis on
large sample groups minimized handling time making the rate
limiting step the automated HPLC analysis. Processing samples in
this manner allows for a throughput time of up to 24 samples
per day.
3.4. Plasma and tissue concentration of glycerol and myo-inositol
The plasma and tissue levels of glycerol and myo-inositol measured using the methodology outlined in this manuscript compared
to published values are outlined in Table 3. Tissue glycerol levels
found in this study ranged between 0.41 and 1.13 mmol/kg wet
weight and the plasma concentration was 0.17 ± 0.01 mmol/l. The
tissue concentration range of myo-inositol was between 0.22 and
5.41 mmol/kg wet weight with the highest concentrations found in
the testis, kidney and microwaved brain. The plasma myo-inositol
level determined in this study was 0.072 ± 0.014 mmol/l. As shown
in Table 3, all established values reported using other techniques
were in good agreement with those values found using the method
outlined in this manuscript. Reported concentrations of glycerol
from liver, kidney, and testis were not available or could not be
found at the time this report was written.
4. Discussion
The quantiﬁcation of polyhydroxyl compounds from biological samples is important in both clinical and research settings
due to the many roles that these molecules have in cellular
metabolism. In this regard, the sensitive, non-destructive nature
of high-performance liquid chromatography makes it ideal for
the separation of small samples or complex mixtures of analytes. Unfortunately, based on their chemical structure, most
metabolically important polyhydroxyl compounds are transparent to ultraviolet or visible light absorbance detection making
them difﬁcult to quantify using standard HPLC equipment. To
address this problem, we have described an inexpensive and accurate HPLC procedure to quantify plasma and tissue levels of two
metabolically important polyhydroxyl compounds: glycerol and
myo-inositol. The method utilizes a pre-column derivatization
reaction using benzoyl chloride and aqueous extracts from commonly used two-phase plasma and tissue extraction protocols. The
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Table 3
Tissue concentrations of glycerol and myo-inositol measured using the benzoyl ester derivatization method report in this manuscript compared to literature values.
Glycerol
Benzoyl chloride method
Tissue (mmol/kg wet weight)
Brain
Muscle
Liver
Kidney
Heart
Testis

0.30
0.98
0.72
1.13
0.41
0.77

Serum/plasma (mmol/l)

0.17 ± 0.01

±
±
±
±
±
±

0.06
0.14
0.09
0.11
0.03
0.07

myo-Inositol
Reported range

Benzoyl chloride method

0.22–0.42 [6,28]
0.43 [36,37]
NR
NR
0.22–1.21 [10,40,41]
NR
0.11–0.39 [20,43–48]

4.94
0.22
0.49
5.41
1.45
1.53

±
±
±
±
±
±

0.70
0.05
0.05
0.38
0.35
0.22

0.072 ± 0.014

Reported range
3.60–11.65 [21,29–35]
0.33–2.40 [31,35,38]
0.55–3.30 [21,31,32,35,38,39]
2.51–8.21 [21,31,32,34,35,38]
1.41–1.66 [31,35]
1.35–1.65 [42]
0.060–0.120 [21,32,34,39,49–53]

Values represent the means ± SD of tissue and plasma glycerol and myo-inositol (n = 5, benzoyl chloride method) determined using the benzoyl ester derivatization method
outlined in this manuscript compared to reported concentration ranges. NR represents values that were not found or are not reported in the literature and the numbers
within in the square brackets refer to original citations.

benzoyl-derivatives from the reaction can then be isolated using a
reversed-phase HPLC separation and quantiﬁed by UV detection.
As noted, a similar method has been reported for the analysis of
glycerol in serum [20]. However our data demonstrates that glycerophospholipid contamination in plasma can result in the release
of endogenous glycerol and myo-inositol. Therefore it is essential that both plasma and tissue samples undergo a two-phase
extraction protocol prior to derivatization to remove interfering
contaminates found within biological samples. Because these polyhydroxyl compounds are incorporated into and regenerated from
membrane lipids, being able to accurately quantify their levels in
both plasma and tissue are of great importance when performing metabolic studies. As most metabolic studies require the use
of radioactive compounds or drugs that inﬂuence metabolism,
accurately measuring the speciﬁc radioactivity of polyhydroxyl
intermediates as well as being able to gauge the inﬂuence that
therapy has on the homeostasis of naturally occurring polyhydroxyl compounds is crucial. Therefore application of this method
will be useful when examining the effects that certain pathophysiological conditions have on polyhydroxyl and membrane lipid
metabolism and of the inﬂuence that drugs have on glycerol and
myo-inositol utilization. The method described herein, relying on a
Schotten-Baumann reaction, forms a very stable benzoylated product that permits the processing of a large number of samples.
More importantly the benzoylated analytes are easily separated
using reversed-phase chromatography, quantiﬁable by in-line UV
detection, and allows for further processing of the isolated analyte.
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