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Report

Capillary Gas Chromatographic (GC) Analysis of Nitroglycerin
and Its Denitration Products in Plasma
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A convenient, specific, and sensitive capillary gas chromatographic (GC) assay for analyzing nano-
gram concentrations of nitroglycerin and its dinitro- and mononitrometabolites in plasma has been
developed. Using a bonded-phase (DB-1) 30-m, 1-pm-thick film capillary column and a 1-m, 5-pm-
thick film precolumn, separation of nitroglycerin and all four partially nitrated metabolites was
achieved in less than 15 min. On-column injection, electron capture detection, and isothermal opera-
tion at 100°C yielded a linear extraction curve over a 300-ng/ml range without any need to concentrate
sample extracts. Using methyl z-butyl ether as extraction solvent and o-chloronitrobenzene as internal
standard, recoveries from plasma spiked at levels greater than 10 ng/ml approximated 35% for the
1-monometabolite, 40% for the 2-monometabolite, and greater than 90% for all others. The method
was employed in a pharmacokinetic study of nitroglycerin administered intravenously to beagle dogs.
Plasma samples were coliected at various time points and analyzed.
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INTRODUCTION

Nitroglycerin (GTN) has been used for over 100 years
to treat angina (1) and is currently available in sublingual
capsules, buccal controlled-release (CR) tablets, ointments,
i.v. injectable solutions, transdermal patches, and oral con-
trolled-release formulations. Orally administered GTN un-
dergoes extensive presystemic metabolism. It is rapidly me-
tabolized in the liver to 1,2-dinitroglycerin (1,2-GDN) and
1,3-dinitroglycerin (1,3-GDN), which are further metabo-
lized to 1-monotriglycerin (1-GMN) and 2-mononitro-
glycerin (2-GMN). Nitroglycerin metabolism by the liver
and kidney has been investigated by several groups (2-5);
however, a considerable body of evidence also indicates a
high rate of metabolism involving red blood cells (6-8).

Gas chromatography employing electron capture detec-
tion (GC-EC) is one of the most widely used and sensitive
monitors of nitro compounds (9-13). The capillary tech-
nique of Noonan et al. (9), which employs an extract con-
centration step, is sufficiently sensitive to quantitate GTN
down to the picogram/per milliliter levels seen in trans-
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dermal delivery. Packed column techniques are available
and adequate for GTN monitoring (11,14), but to date, it has
been difficult to detect and quantitate all metabolites by gas
chromatography.

High-performance liquid chromatography (HPLC) with
UV detection, both normal and reversed phase, has been
used to assay oral capsules and tablets (15--18) but has not
been sufficiently sensitive for biological assay. However, the
use of HPLC with thermal energy analyzer (TEA) detection
has been successfully used to monitor GTN and its nitrated
metabolites in animals (19) and human plasma samples (20).
Glycerol, the penultimate metabolite, is not conveniently
assayed by any existing technique used to monitor GTN and
is of little interest due to its lack of pharmacological activity.
There is evidence of some pharmacological activity exhib-
ited by the dinitrometabolites (3) and the pharmacokinetics
of these two compounds has been examined (21-23). There
has, however, been no reliable and convenient way to mon-
itor the disposition of all the partially nitrated glycerols in a
biological system.

This study reports the development of a sensitive and
reproducible capillary GC-EC essay for the identification
and quantitation of GTN and all four nitrate metabolites in
plasma. Further, the results of preliminary work involving
the administration of GTN to beagles are reported.

MATERIALS AND METHODS
Reagents

Nitroglycerin/lactose absorbate (10%) was obtained
from ICI Americas, Wilmington, Del. 1,3-GDN, 1,2-GDN,
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1-GMN, and 2-GMN were prepared in our laboratories
using a modified method of Dunstan ef al. (24,25) and puri-
fied via preparative HPLC (10). Reference standard solu-
tions of the four metabolites in absolute ethanol, available
from Radian Corp., Austin, Tex., were also used. o-Chlo-
ronitrobenzene and m-dinitrobenzene were obtained from
Aldrich Chemical Co., Milwaukee, Wis. Potassium car-
bonate and sodium chloride were obtained from Fisher Sci-
entific Co., Fairlawn, N.J. Solvents methyl r-butyl ether,
hexane, ether, and ethyl acetate, were either spectro or
HPLC grade and were obtained from Burdick and Jackson,
Muskegon, Mich. They were used without further purifica-
tion.

The hydrogen carrier gas (zero grade) and 5%
methane/argon makeup gas (certified) were obtained from
Roberts Oxygen Co., Rockville, Md. Deionized water was
generated with a Milli-RO/ Milli-Q system obtained from
Millipore, Bedford, Mass.

Equipment

GC analyses were performed with a Hewlett-Packard
Model 5830A chromatograph equipped with a Ni¢® electron
capture detector and electronic integrator. The column was
a DB-1 30-m X 0.32-mm-i.d., 1-um film capillary column
from J & W Scientific, Cordova, Calif., fitted with a methyl
silicone 1-m X 0.32-mm-i.d., S-pm film protective pre-
column from Quadrex, New Haven, Conn. The on-column
injector was a J & W Scientific Model II. Refrigerated cen-
trifugations were performed on a IEC Model 5000 refriger-
ated low-speed centrifuge.

Chromatographic Conditions

The column was maintained at 100°C (isothermal), and
the detector 225°C. The hydrogen carrier gas was main-
tained at 30-psi column head pressure, and the 5% methane/
argon detector makeup-gas maintained at 43 ml/min. Both
gases were passed through molecular sieve (5A) drying car-
tridges and oxytraps (Alltech Assoc., Deerfield, Ill.). The
on-column injector was a telescoping type which allowed for
the injection of a 2-pl sample at ambient temperature and
subsequent manual insertion of the assembly into the
column oven. The injection was made using a gas-tight sy-
ringe fitted with a fused silica needle. At the conclusion of
each analysis the column oven was ramped to 150°C to
purge contaminants, then returned to 100°C for the next in-
jection.

Administration of Drug, Collection and Handling of Samples

Two conscious beagle dogs weighing approximately 10
kg were administered GTN intravenously. Several groups
have documented the loss of GTN due to absorption when
soft plastic containers were used to deliver solution formu-
lations (26-28). Therefore, the intravenous solution, con-
sisting of Nitrobid i.v. (2.5 mg) diluted to 5 ml with normal
saline, was administered via a glass syringe and nonab-
sorbing PTFE infusion set directly into a forepaw vein (1 to
1.5-min push). Blood samples (8 ml) were collected into hep-
arinized vacutainers (green top) via venipuncture of a neck
vein at 5, 10, 15, and 30 min and 1, 1.5, 2, 3, 4, and 24 hr.
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Blood samples were mixed with heparin, then immediately
chilled to 0°C. They were centrifuged at 2000 rpm and 5°C
for 15 min and the plasma was separated, frozen, and stored
at —35°C until analyzed. A 1-ml portion of plasma was
transferred to a round-bottom test tube containing 0.5 g so-
dium chloride. A 1-ml portion of solvent containing internal
standard (o-chloronitrobenzene, 12.5 ng/ml) was added, and
the tube capped and rocked gently (Thermolyne Speci-Mix)
for 15 min. Following centrifugation at 2000 rpm for 5 min
the organic layer was transferred to a second round-bottom
test tube and dried over 1 g anhydrous potassium carbonate
for 3 min. A 2-pl portion was then removed and injected into
the gas chromatograph. A new standard curve was run for
each set of samples by spiking 1.0-ml aliquots of predosing
plasma with known amounts of GTN, GDNs, and GMNs
and taking the spiked plasma through the analytical proce-
dure along with the samples. This was necessary since the
slope of the standard curve changed with repeated injections
due to changes in the characteristics of the bonded phase.

RESULTS AND DISCUSSION

Chromatography

Figure 1 illustrates the separation and resolution of
GTN from the GDNs, the GMNSs, and the o-chloronitroben-
zene internal standard. m-Dinitrobenzene was also tried as
an internal standard; however, its retention time was ap-
proximately 15 min—well after that of GTN. Extracted
plasma constituents did not interfere since they either
eluted at the solvent front, eluted after the peaks of interest,
or were not sensitive to EC detection. The 30-m, 1-pum-thick
film capillary was protected by a 1-m, 5-um “‘very thick
film>’ precolumn. Investigations indicated that repeated in-
jections of solvents containing dissolved water would cause
the column to lose progressively its ability to separate 1,2-
GDN from 1,3-GDN and 1-GMN from 2-GMN. This loss of
resolution was accompanied by increased peak tailing. The
peaks for the GMNs were the most adversely affected.
However, peaks for the less polar GTN and the internal
standard o-chloronitrobenzene were little changed. Non-
polar solvents such as hexane, which do not dissolve signifi-
cant amounts of water, cannot be used since they do not
extract the relatively polar GDNs and GMNs. Examination
of several drying agents indicated that anhydrous potassium
carbonate was rapid and effective. The basic nature of car-
bonate salts, however, can cause degradation of the nitrate
esters upon prolonged contact. For periods up to 1 hr there
was little observed degradation and the solution was suffi-
ciently dried to prevent rapid loss of column efficiency. The
5-uwm, very thick film precolumn protected the analytical
column from the damaging effects of water but required re-
placement after 35-50 injections.

The J & W Scientific Model I1 on-column capillary in-
jector employs a stopcock rather than a septum at the
column inlet and allows for the withdrawal of approximately
7 in. of column from the oven during injection. The injection
is thus made at ambient temprature. By employing this in-
jection system, we were able to inject unusually large
sample volumes onto the capillary column (e.g. 2 pl) without
the erratic results observed with the original Hewlett
Packard ‘“‘duckbill’’ column inlet system.
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Fig. 1. Chromatogram obtained
from the GC analysis of beagle
plasma spiked with nitroglycerin
and its denitration products. Con-
centration of each anaiyte, ap-
proximately 50 ng/ml. Peak iden-
tification according to retention
time: 2.97 min, 1-mononitroglyc-
erin; 3.61 min, 2-mononitroglyc-
erin; 5.41 min, o-chloronitroben-
zene (internal standard); 7.01
min, 1.3-dinitroglycerin; 7.54
min, 1,2-dinitroglycerin; 9.44
min, nitroglycerin.

Samples

Reports of rapid GTN hydrolysis in whole blood (6-8)
prompted us to chill samples in an ice bath immediately after
collection and further rapidly centrifuge and separate the
plasma at 5°C or below. However, we observed that plasma

101

Peck Area
16t

Ratio: Analyte/o-Chloronitrobenzene

143

D OSSP DSOS DSOS S

Concentration, ng/ml

Sasais

adacan I 5 1

Peak Area Ratio: Analyte/o-Chloronitrobenzene
2.5
2.25¢

40

25 a0 35
Concentration, ng/ml

45 S0
Fig. 2. Calibration curves for nitroglycerin (@), I,3-dinitroglyc-
erin (A), 1,2-dinitroglycerin (*), 1-mononitroglycerin (OJ), and 2-
mononitroglycerin (O). Standards were extracted from beagle
plasma. The lower plot is an expanded scale near the origin.

samples stored at —35°C could undergo at last two separate
thaw and extraction cycles with no significant difference in
measured levels of GTN. Further, no significant loss of
parent compound or metabolites was observed in plasma
stored at room temperature for short periods of time (e.g.,
30 min). Literature reports indicate plasma hydrolysis rates
for the conversion of GTN to GDN to be (t,, = 3 hr) 8- to
10-fold slower than those in whole blood (¢, = 15-32 min)
(6,8). The GDN-to-GMN conversion is very slow in plasma.

Several extraction solvents were examined. Optimum
recoveries were obtained using methyl #-butyl ether: above
10 ng/ml, GTN and the GDNs were extracted with 92—-109%
extraction efficiencies, and the more polar 1-GMN and

Table I. Piasma Recovery Data

Extraction efficiency, %°

. . (Cvy
Spiked concentration
of each analyte (ng/ml) 1-GMN 2-GMN 1,3-GDN 1,2-GDN GTN
O - _c —C ——C —C
10 44 (NA)4 61 (9.1) 60 (7.8) 105 (4.7) 83 (12.3)
20 34 (8.2) 49 (1.8) 99 (1.7) 101 (0.3) 93 (1.3)
50 33 (8.6) 40 (8.4) 109 (4.8) 103 (4.1) 102 (3.0)
100 30 (10.9) 32 (13.0) 93 (6.1) 92 (9.4) 95 {(7.7)
300 30 (7.8) 45 (6.2) 102 (2.2) 101 (1.0) 100 (1.1)

2 Extraction solvent volume/plasma volume = 1/1.
b Coefficient of variation; N = 3.

¢ Below the limit of detection: GTN and GDNs, 0.001 ng on column; GMNs, 0.002 ng on column.

4 N = 2; coefficient of variation not available.
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Fig. 3. Plasma concentration of nitroglycerin (@), 1,3-dinitroglyc-

erin (A), 1,2-dinitroglycerin (¥), 1-mononitroglycerin (0J), and 2-

mononitroglycerin (O) following i.v. administration (1-min push) of

2.5 mg to a male beagle.

2-GMN with 30-34% and 32-49% extraction efficiencies,
respectively. The results are presented in Table I. Other sol-
vents such as ethyl ether and ethyl acetate extracted GTN
and the GDNs with approximately 80 and 85% extraction
efficiencies, respectively. The extraction efficiency for the
GMNs was not determined with these solvents.

The assay has a practical minimum quantitation level of
10 ng/ml for GTN and the metabolites. Responses are linear
from 10 to 300 ng/ml and typical coefficients of variation
(CV) are shown in Table I. Typical standard calibration
curves are shown in Fig. 2.

Figure 3 illustrates the plasma levels of GTN and its
four nitrated metabolites for 4 hr following i.v. administra-
tion of GTN. GTN dropped below detectable limits in 30
min. The GDNs peaked at 10 min but persisted for 1.5 hr.
The GMNs were evident for up to 4 hr, but at lower concen-
trations than those observed for the dinitrometabolites.

In summary, we have developed a specific and sensitive
GC-EC assay for measuring GTN and all four partially ni-
trated metabolites. The utility of the assay has been demon-
strated in preliminary studies involving the intravenous ad-
ministration of GTN to dogs.

This methodology has been used in a bioequivalency
study of several different oral CR GTN products, the results
of which will be presented later.
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