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SUMMARY 

A gas chromatographic method for the separation and quantitation of sub- 
microgram amounts of pentaerythritol tetranitrate and other organic nitrate esters of 
common therapeutic use is presented. The procedure allows the quantitative simulta- 
neous analysis of pentaerythritol tetranitrate, the trifluoroacetylated derivatives of 
its lesser nitrate esters and pentaerythritol on a single column. For rapid, routine 
analysis the flame ionization detection is employed with a sensitivity in. the micro- to 
submicrogram. range. With electron capture detection, the sensitivity is in the nano- 
to subnanogram range. This sensitivity is adequate for quantitating the low levels of 
pentaerythritol and pentaerythritol nitrate esters in biological fluids. 

INTRODUCTION 

Certain of the polynitrate esters of alkyl alcol~ols, for esample pentaerythritol 
tetranitrate (PETN), erythritol tetranitrate, isosorbide dinitrate, mannitol hesa- 
nitrate, have wide use as vasodilators in the therapy of angina pectoris. Completely 
satisfactory methods are not available for identifying and determining these com- 
pounds together with their lesser nitrate esters which may occur in very small amounts 
as drug impurities or as metabolites in body fluids and tissues. Specific identification 
of these drugs can be accomplished most readily by thin-layer chromatography 
(TLC)19 2. Quantitation by spectrophotometric methods of individual compounds 
when other esters are known to be absent is well establishec13-5, but estimation of 
individual nitrates in a mixture of esters after separation on TLC plates is time con- 
suming and limited in precision and sensitivity O-8. For metabolic studies, TLC com- 
bined with radiometric scanning has been employed to determine biological metab- 
olites after the administration of [1%]PETN~. This method suffers from the disad- 
vantage that radioactive drug is required for quantitation, and also it is 
sensitive for determinations in individual samples of blood or plasmal”. 

l This study was supportccl in part by USPHS grant Rlioo336. 
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Gas chromatography (GC) has been applied to organic nitrates but, with the 
exception of nitroglycerinll~ 12, not to the commonly used pharmaceuticals, nor to the 
separation and detection of a series of lesser esters from a parent drug. Chromato- 
graphy of a polynitrate and its lesser nitrate esters on one column presents unusual 
difficulties because of wide differences in polarity, solubility and thermal stability of 
these compounds. 

In this paper we describe a GC method for the rapid separation and identification 
of several of the nitrate esters of therapeutic interest. In addition, as illustrated for 
PETN, the method can be used to determine simultaneously the individual lesser 
nitrate esters and their alkyl alcohol as trifluoroacetyl derivatives. The method for 
PETN provides a rapid, routine procedure for general analytical use with detection of 
micro- and submicrogram quantities with the flame ionization detector; and with the 
electron capture detector to determine nano- to subnanogram quantities, adequate 
sensitivity for application to the detection of these compounds in biological samples. 

EXPERIMENTAL 

Gas cTzromato~ra~li,Y conditions 
The chromatograph was a Varian Aerograph, model ZIOO-20 with a model 20 

variable speed recorder (IO in.) and equipped with a hydrogen flame ionization detec- 
tor (FID) and a tritium (250 mCi) electron capture detector (ECD). Varian U-shaped 
glass columns, z mm I.D. x 1/4 in. O.D. were used. The “SE-30 column” (67 in.) was 
paclced with x00-120 mesh washed and trimethylchlorosilyI.ated Chromosorb P which 
had been coated with I y. dimethylsilicone gum (GC-grade SE-30, Analabs, Inc., 
North Haven, Conn.). The “Dexsil column” (72 in.) was packed with 100-120 mesh 
washed and dimethylchlorosilylated Chromosorb W with a liquid phase of 1% 

carboranesiloxane (Dexsil 300 GC, Analabs, Inc.). Septa were cleaned by thoroughly 
washing with distilled water, acetone, and hexane (nanograde solvent) and finally 
heated at 250’ for several days. Septa W-9 (Applied Science Lab., Inc., State College, 
Penn.) were used with the SE-30 column and septa 69-10 (Varian Acrograph) with the 
Dexsil column. _ 

The injection port and detectors were maintained at zoo0 with nitrogen as the 
carrier gas. The columns were conditioned with trifluoroacetyl derivatives of the nitro 
compounds immediately before analytical use by repetitive injection of a composite 
solution of derivatives until a reproducible response was obtained. 

For FID detection the gas flow was hydrogen 20 ml/min, air 300 ml/min, and the 
carrier gas 20 ml/min. The columns were programmed at a rate of ro”/min with an 
initial setting of 65”. 

For ECD detection, the carrier gas flow was 75 ml/min. The columns were oper- 
ated isothermally with temperature settings as noted. 

Peak areas were determined with a compensating polar planimeter. 

Prt$mration of samfde derivatives 
About 400 ,ug of sample or individual compounds previously dried were dissolved 

in 200 ~1 of chloroform or dichloromethane (nanograde solvents) in 3.5 rnl reaction 
vials (Pierce Chemical Co., Rockford, Ill.). Then 200 ~1 of trifluoroacetic anhydride 
(TFA) were added and the mixture allowed to stand for 30-45 min with occasional 
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agitation. Derivatization proceeded. rapidly in solution at room temperature and it 
was essentially complete in 30 min. The reaction misture was evaporated to dryness at 
room temperature with a dry nitrogen stream and the residue redissolved in nanograde 
solvents: dichloromethane or carbon tetrachloride-ethyl acetate (7: I) for PID, or in 
ethyl acetate for ECD. 

The reaction conditions for derivatization were adopted as the result of the 
following esperiments. Pentaerythritol (IX) and individual pentaerythritol nitrate 
esters were derivatized as outlined. The reaction mixtures were chromatographed on 

SE-30 and Dexsil columns with FID at 5.0 min intervals for 60 min after addition of 
TFA. Constant single peak areas with disappearance of unclerivatized compound was 
observed after 20 min for all compounds. A similar result was obtained with a com- 
posite solution of compounds: PE 20 ,~g; FE mononitrate 32 pug; PE dinitrate 70 pg; 
PE trinitrate IOO pg; and PE tetranitrate 120 ,ug in 40 ,ul dichloromethane. After 
evaporation of the reaction mixture with a clry nitrogen stream at room temperature, 
re-solution with clichloromethane or ethyl acetate established that no loss of the deriv- 
atives occurred even after repeated evaporation. Solutions of the individual com- 
pounds were allowed to stand at room temperature in the reaction mixture with TFA 
and chromatographed at intervals over a period of 24 11. Single peaks were obtained up 
to S 11 but thereafter multiple peaks, evidence of decomposition, appeared. In pure 
solvent, the trifluoroacetyl derivatives were stable for at least one week stored at 10~. 

PE, PE mono-, di-, tri- and tetranitrates were obtained from Warner-Lambert 
Research Institute, Morris Pla.ns, N.J. The compounds were ascertained to give single 
spots with TLC” and single peaks with GC on SE-30 and Dexsil columns. Several of the 
compounds, PE mono-, di-, and tetranitrate were supplied with lactose as a diluent. 
To remove the lactose, these mixtures were extracted repeatedly witli acetone (chro- 
matocluality grade, Matheson, Coleman and Bell) or ethyl acetate (chromatoquality 
grade). Standard solutions were prepared in acetone (PE in acetone-water, 9g : I) or 
ethyl acetate, at a concentration of 400 ,zg/ml. They were stable indefinitely at room 
temperature. 

Mannitol hexanitrate (Atlas Chemical Co., Wilmington, Del,), erythritol tetra- 
nitrate (Burroughs Wellcome Co., Tuckahoe, N.Y .) and isosorbide dinitrate (Ives 
Laboratories, Inc., New York, N.Y.) were obtained diluted with lactose. The nitrates 
were extracted from the drug-lactose mistures with dichloromethane and stock solu- 
tions of the nitrate drugs, 400 ,ug/ml, were prepared in dichloromethane. 

RESULTS AXD I:,ISCUSSION 

The chromatogram of Fig. Ia demonstrates that an adecluate separation of a 
mixture of polynitrate drugs (erythritol tetranitrate, isosorbide dinitrate, pentaery- 
thritol tetranitrate and mannitol hexanitrate) can be obtained for identification and 
quantitation purposes. The polynitrate drug mixture was directly injected onto an 
SE-30 column and temperature programmed at ~o”/min. The procedure allows 
detection with quantitation of nanogram amounts of these compounds at the attenua- 
tion..shown. Similar results were obtained with a different stationary liquid phase, 
Dexsil 30.0 GC, with identical chromatography conditions. Retention values for both 
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90 1% 
TEMPERATURE a 

Fig. I. (a) Chron~atogran~ of a mixture of seine con~inoi~ly usecl organic nitrate pharm~rceuticals on 

a I o/o SE-30 column. 1 = isosorbidc diiiitrate, 1.6 pg; 2 = erythritol tetranitratc, 1.6 big; 3 = pen- 
taerythritol tetranitrate, 4 1~6; 4 = mannitol hexanitratc, z ,~g in an injection volume oi 1.0 1_“1 
dichloromethanc. Detector: flame ionization at attenuation I x IO- lo A. (b) Cliromatogram of tri- 
fluoroacetylated pentaerythritol nitrates on a I y. SE-30 column: o = PE, 0.2s pg; I = PI: mono- 

nitrate, 0.52 pg; 2 = PE dinitrate. 1.40 1~6; 3 = PE trinitrate, 2.15 tcg; 4 = l?ETN, 2.75 /cg in an 

injection volume of 1.1 p1 clichloromethanc. Detector: flame ionization at attenuation I x 10-1~ A. 

(b) 

4 

TABLE I 

RETENTION AND RESPONSE VALUES OF NITIZATE ESTERS \VITH FLAME IONIZATIOIV DETECTION 
._ 

SE-30 columns 
PE 
PE mononitrate 
PIZ dinitratc 
PI2 trinitratc 
PE tetranitratc 
Isosorbide dinitrate 
Erythritol tetranitratc 
Mannitol hesanitrate 

Dexsit colacntnb 
PE 
PE mononitrate 
PE dinitratc 
PE trinitrate 
PE tetranitrate 
Isosorbicle dinitrate 
Erythritol tctranitratc~ 
Mannitol hexanitrate 

1-G 

2.8 

2:: 

7.S 
G.0 

6.3 
IO. I 

2.5 
4.0 

5.7 
7.4 
9.6 

::: 
x1.G 

83 
9G 

III 
12s 

146 

126 
130 
I-j0 

90 
106 

I24 

144 
16.5 
146 
150 
185 

1305 
S55 
395 
275 
IS5 

1205 

835 
395 
235 
19.5 

a Calculated as undcrivatized compound. 
b Programmed at lo”/min, initial temperature Gs”, attenuation I x x0-10 A. 
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columns are given in Table I. Several commercial preparations containing nitrate 
esters alone or in combination with other drugs were chromatogkaphed and no inter- 
ferences were noted. 

Fig. 3. (a) Chronmtograrn of trifluoroacctylatccl pentacrvthritol nitrates on a I U/O Dessil column : 
0 = PE, cl*.+0 pg; I - PI% mononitratc, 0.6~ f.66; 2 = I;n clinitratc, 1.40 ~4.g; 3 = PI’: trinitrntc, 
2.00 /L&g: 4 = PETN, 3.40 166 in an injection volun~e of 0.S ~(1 carbon tctrachloricle-ethyl acetate 
(7: I). Dctcctor: fl.urnc ionization at attcnuntion I X I0 -lo h. (b) Trifluoroacetylatccl pentacry- 
thritol nitrates chronm.tographccl on a I o/o Dcssil column at isothermal conditions with electron 
capture clctcction. (A) Tcnipcraturc Ioo”. 0 = PE, S.3 ng; I = PE mononitrate, s5.G ng; 2 = PI2 
clinitratc, 4~~5 ng in an injection volunlc of 0.5 /d C3t!ijrl acctatc. Attcnuntion 5 X IO-" A. (U) tclll- 

pcrnturc 125~. 2 = PE clinitrntc, 42.5 ng; 3 = PI2 trinitratc, 51.0 ng; 4 = PETN, 83.4 ng in cm 
injection volume of 0.5 l/l ethyl acetate. Attenuation 16 x 10-O A. 

Figs. ~b and za show the excellent separation of the drug PETN, the trifluoro- 
acetyl derivatives of the lesser pentaerythritol nitrates and of PE on SE-30 and Dessil 
columns respectively when a mixture of these compounds was derivatized and injected 
onto the columns. The two columns were similar in their properties with respect to 
resolution and response (peak area/pg), although the SE-30 column provided slightly 
narrower, more symmetrical peaks with less tailing. 

A principal advantage of the Dexsil column is the greater thermal stability of 
this liquid phase as compared to SE-30. Column bleed from the SE-30 column, 
although low, was significantly greater than that from the Dexsil column. The 
bleed resulted in gradual shortening of retention times and limited the usefulness 
of the SE-30 column to 2-3 weeks. The extremely low bleed of the Dexsil column 
allowed this column to be used for 2-3 months, and also the low bleed was of advantage 
for use with ECD because of the sensitivity of this detector to contamination. 

Table I lists retention and response values for the two columns. PETN, which 
having no free hydroxyl group is not derivatized with TFA, eluted from the Dexsil 
column at 165”, 20~ higher than from the SE-30 column. The Dexsil column provided 
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more optimal separation (Table I) consistent with thermal stability. PETN (m.p. 140") 
decomposed on the columns at temperatures of 175” or above. Experiments with 
longer columns of SE-30 and Dexsil or an increase in percentage of liquid phase re- 
sulted in increased elution temperatures and decomposition of PE trinitrate and 
PETN, while shorter columns demonstrated reduced resolution. Other liquid phases, of 
greater polarity, provided greater separation of PE, PE mononitrate, and PE dini- 
trate but decomposition of the higher nitrates occurred. Similarly, trimethylsilyl 
derivatives were more susceptible to temperature decompositiori than trifluoroacetyl 
derivatives. 

The chromatograms of Figs. Ib and za were obtained with an electrometer 
setting of 1 x IO -10 A with the flame ionization detection. This intermediate sensitiv- 
ity setting was convenient for routine analysis. At higher attenuation, before increase 
in solvent peak width proved a limitation, the limits of detection for quantitation 
approximated 5 ng for PE and 50 ng for PETN with intermediate values for the other 
compounds. Fig. 3 shows the linearity of the response over a wide range of absolute 
amounts of PE and PETN. 

MICROGRAMS INJECTED 
0 2 4 6 6 10 12 14 

NUMBER OF CARBONS 

Fig.,3. (a) Calibration curves for PE ant1 PETN injcctccl onto a Dcssil column after trcatnlcnt with 
trifluoroacetic anhyclricle as given in test. Attenuation I x IO -10 A. (b) Relationship of ;L number 
of carbon atoms of trifluoroacctylatecl PE (o), PIE mononitrate (I), PE dinitrate (z), PE trinitratc 
(3) and PJZTN (4) with the peak arcas obtained per nmole injcctecl on an SE-30 colwnn (0) and 
a Dcxsil co~unlll (0). k\ttcnuation T X x0-10 k\. 

As the FID response normally increases proportionally to the number of carbon 
atoms in the molecule, the trifluoroacetyl derivative of PE produced the greater 
response. A non-linear decreasing order of response from PE to PETN for equivalent 
mole amounts of the trifluoroacetylated compounds (Table I) results from the pres- 
ence in the derivative cqmpounds of varied proportional numbers of fluoro and nitro 
groups (and in PETN of nitro groups) both of which decreased the flame ionization 
current. However, a linear relatioriship for response with carbon atom number was 
obtained when the logarithm of the response- was plotted against carbon number 
(Fig. 3b). This empirical function can be used to obtain or verify correction factors for 

:the different detector responses to the compounds. Only two highly pure compounds 
are required, PE and PETN, both of which are readily obtainable, whereas the inter- 
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mediate compounds are difficult to obtain in pure form. The function was independent 
of the nature of the liquid phases of the two columns (Fig. 3b). 

An increase in’sensitivity of determination of pentaerythritol nitrates to the 
nano- to subnanogram range was possible with electron capture detection. Fig. zb 
shows the chromatography of pentaerythritol and pentaerythritol nitrates isotherm- 
ally on the Dessil column. Similar separation was obtained with the SE-30 column. 
In practice, it was found that these five compounds could not be chromatographed at 
any single temperature without distortion of the peaks and extremely prolonged 
elution times for PE dinitrate, PE trinitrate and PETN. By chromatographing at two 
selected temperatures, as shown in Fig. zb (A and B), well resolved, sharp symmetrical 
peaks with short retention times were obtained. 13ecause of the different polarities of 
the two columns, the optimal temperatures for the Dessil column (100~ and 125~) 
were substantially higher than those for SE-30, 75” and 110~. At the lower column 
temperatures three compounds, PE, PE mononitrate and PE dinitrate, were obtained, 
at the higher temperatures PE dinitrate, PE trinitrate and PETN. providing an 
overlap for PE dinitrate. The procedure adopted was to chromatograph the sample 
isothermally at the lower temperature, then after the appearance of the PE dinitrate 
peak, the column was temperature programmed to 200” at Io”/min to remove the 
higher nitrate esters. Isothermal conditions were then reestablished at the higher 
temperature and the sample again injected. At the higher isothermal temperatuie all 
five compounds appear; but the retention times for PE and PE mononitra*te are very 
short and these compounds eluted virtually with the solvent peak. 

RETESTION AND RESPONSE VALUES OF PISNTAElZYTMIZITOL SITRATES WITH ELECTRON CAPTURE 

~lzmx*rIo.v 
- 

Retention Resfionse 
titHC (IJ&,i,JL) (nl J+/?lg) ” 

SE-30 colzcwlll 
Isotlmmx~l 75 o 

PrC 0.47 GG.0 

PE mononitrtrtc 0.71 54.0 
PI2 dinitrate -t*7I 2s.5 

Isothcrninl I 100 

PI’: 0.16 - 

PI< mononitrate 0.2.t - 

l?E clinitratc 0.63 IS.0 

PE trinitrntc 0*9-l 41.5 
I?12 tctranitrntc 4055 24.5 

Dexsil cobunm 
Psother’mal 100° 

PI3 0.47 2Ga3 
PE mononitrntc 1.2.. I “4.3 
1% clinitrate 3.76 13*0 

Isotl~ermal 125O 
l?E 0.12 - 

PE mononitratc 0.35 - 

PE clinitratc 0.9-l 6.5 
1% trinitratc 2.62 15.5 
PE tctranitrntc 8.52 s.5 

a Cnlculatcd as unclerivatizecl compound ; attcnuntion I G X Io-u A. 
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The retention times and detector response (peak area/n& for the PE compounds 
on the Dexsil and SE-30 columns are given in Table II. Since the response of the EC 
detector decreased with an increase in temperature, the sensitivity at the two iso- 
thermal temperatures was not comparable; and the response for PE dinitrate, which 
appears at both temperatures., was decreased one-half by the higher temperature 
(Table II). Similarly Table II shows a greater response was obtained to the compounds 
chromatographed on the SE-30 column at lower isothermal temperatures than on the 
Dexsil column. At the attenuation shown in Fig. zb (A and B), the minimal quanti- 
tatable amounts by the procedure approximated 250 pg for PE and z ng for .PETN. 
However at higher attenuation the practical limit for quantitation was in the pico- 
gram range for all the compounds. 
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