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S;“MMARY 

When nitroglycerin was incubated at 3’7°C with human red blood ceils obtained from 
two subjects and from outdated blood, the rate of loss of nitroglycerin observed was 
simiIar to that reported by others. At an initial concentration of 180 nglmi. nitro~y~erin 
the loss foilowed a first-order process with a half-hfe of about 1 O-l 5 min depending on 
the source of the cek Using an assay that could ciearly follow the production of the 
major metabolites, 1,2- and 1,3dinitro~y~~rin, it was found that none were present in the’ 
medium over the entire course of nitroglycerin loss. This finding shows that the the 
assumption by other workers, that the loss of nitro~ycerin in blood is an er~zymatic reac- 
tion, is not vafid. 

INTRODUCTION 

The rapid disappearance of nitroglycerin following incubation with human blood 
(Armstrong, et al., 1980; Lee, 1973) has been assumed to occur via an enzymatic mecha- 
nism. It has also been suggested that the slower loss of ~tro~ycerin in human and rat 
plasma (Maier et al,, 1979) and in rat serum (IX Carlo and Melgar, 1970) also could be 
enzy~~ati~. Armstrong et al. and Maier et al. studied the di~ppe~anGe of nitro~y~er~ by 
GC analysis without following metabohte formation. IX Carlo and Melgar, and Lee used a 
thin-layer chromatographic separation of labelled compounds and did follow metabolite 
formation. Studies reported in the present communication show that the loss of ktro- 
glycerin in human blood is rapid but, by using an assay able to detect metabolites, it is 
seen that the reaction is not enzymatic in nature. 
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MATERIALS AND METHODS 

~itro~y~erin stock solutions were prepared from an a~coho~c extract of a 10% lactose 
adsorbate ‘. The metabolites. i ,Z- and l$dinitroglycerin were prepared from 1,2- 
dibromopropanol 2 and 1,3dibromopropanol 3 using the method of Dunstan et al. 
(1965). The purity of the compounds was determined by thin=layer chromatography and 
HPLC and the solutions standardized as reported earlier (Yuen et al., 1979). 

An electron capture gas chromato~aph 4 was used in conjunction with a data proces- 
sor 5. 9% QF-I 8065 6 was used as the stationary phase on 60180 mesh Supelcoport ‘. The 
column was silanized glass, 2 mm X SO cm. The temperature of the injection port, the col- 
umn, and the detector was 150,135 and 2OO’C, respectively. The carrier gas, 95% argon/ 
5% methane, was used at a flow rate of 16 r@nin. The electrometer range was 1 X 10-r I. 
The short and highly loaded column was used to ~n~ze thermal de~mposition and 
adsorption of nitroglycerin and its metabolites. The detector showed linear response to 
nitroglycerin and 1,2- and 1,3dinitroglycerin over the concentration range used. Under 
these operating condh:ions the retention times of the dinitroglycerins, nitroglycerin, and 
the internal standard, 1 -~uoro-2,4d~itrobenzene ‘, were 1 .I, 2.2 and 2.7 min, respec- 
tively (Fig. 1C). The system used will not seperate the two dinitroglycer~s but it 
optimizes their combined detection. The ratio of detector responses, nitroglycerin : 

dinitroglycerin, is 2: 1. The concentration of nitroglycerin (or dinittoglyccrin) in the 
various samples was determined either relative to the internal standard or via an external 
standard where comparisons were made relative to known amounts of ~trogiycerin added 
to blanks. The assay precision is *8%. 

Data using resuspended cells are reported in this paper since the loss of nitroglycerin 
is the same in these systems as in whole blood (Armstrong et al., 1980; our own work) 
and since the resuspended cell represents a more clearly defmed system. The cells were 
obtained from fresh heparinized blood donated by two different subjects and from out- 
dated biood obtained from the QSU Hospital Blood Bank. The blood was ce~~~rifuged at 
1200 rpm at 5°C for 20 min. The plasma was replaced with normal saline and the ceils 
recentrifuged. The procedure was repeated 3 times. With outdated blood, the initial 
number of cells per unit volume was counted and the final volume adjusted so that the 
number of cells per unit volume was appro~mately the same as that of the fresh blood 
used. 

* Nitrq’ycerin 10% {w/w) in lactose, Lot Kl?-O-H, ICI America, At~s~hemi~i Division, Wi~fni~ton, 
Dela. 19899, U&A, 
2 Eastman Kodak, Lot ASA, Rochester, N.Y. 14650, U.S.A. 
3 Eastman Kodak, Lot BfX, Rochester, N.Y. 14650, U.S.A. 
4 370 Series dual column gas chromatograph, Varian Instrument Division, 611 Hansen Way, Palo 
Alto, Calif. 94303, U.S.A. 
5 Shimadzu Recording Data :ocessor. Chronlato~~ C-RIA Shimadzu Scientific Instruments, Oakhnd 
Ridge lndus~~~ Center, 9147-H Red Branch Road, Columb~, Md. 21045, U.S.A. 
6 Analabs, 80 Republic Drive, No. Haven, Conn. 06473, U.S.A. 
7 Supclco. Supelco Park, Bellefonte, Pa., 16823, U.S.A. 
* Eastman Organic Chemicals, Distribution Products Ind. Rochester, N.Y ., U.S.A. 
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Two ml of the resuspended cell preparations were transferred to each ‘of a series of 
12 ml silanized tubes and warmed to 37°C in a water bath for 20 min. Seventy-five ~1-1 
of a nitroglycerin solution in normal saline (4.8 pg/ml) were added to each tube making 
the final concentration in each tube 180 ng/ml. The tubes were gently agitated using a 
rotator submerged in a water bath at 37’C. Periodically over an interval of 60 min, a 
tube was removed, 50 ~1 of a solution of internal standard (0.0005%) added (if 
necessary), and then extracted twice with 3 ml of ethyldcetate 9, Both orgarric extracts 
were combined and concentrated to 1 ml over a stream of nitrogen. Five ~1 of the solu- 
tion were injected into the gas chrom&ograph for determination of nitroglycerin and 
metabolite content. 

Since thermal decomposition of nitroglycerin may occur in a CC procedure (Camera 
and Pravisani, 1964), studieswere undertaken to determine the extent of such decomposi- 
tion in the method used. Very pure nitroglycerin was obtained by extracting an aqueous 
solution of the drug with pentane ‘, then removing the pentane using nitrogen, redis- 
solving the nitroglycerin in water and repeatir < the pentane extiaction two more times. 
The purity of the nitroglycerin in aqueous solution was determined using HPLC. A C-18 
reverse-phase column was used with 60% methanol in water as the mobile phase. The 
final aqueous nitroglycerin sohrtion was extracted with ethyl acetate and the nitroglycerin 
concentration of the ethyl acetate solution determined by HPLC. This ethyl acetate solu- 
tion was used as our standard solution. Using this solution in our CC method, it was 
found that a 12% conversion of nitroglycerin to dinitroglycerins occurred via thermal 
decomposition on the column. 

To determine the extraction efficiency of 1,2- and 1,3dinitroglycerin, various volumes 
of solutions of each metabolite (5 &ml) were added to red cell suspensions to obtain 
final concentrations rar-ping between 60 and 180 ng/ml. The solutions were extracted 
with ethyl acetate and the amounts extracted measured bv the GC assay. The extraction 
efficiency found for each metabolite was 84%. The extraction efficiency for nitroglycerin 
was 75%. 

RESULTS 

In general, the ethyl acetate extraction of suspended cells containing no nitroglycerin 
gave uncomplicated chromatograms. Fig. 1A shows the chromatogram for the ethyl 
acetate extract of the resuspended cells both from subject 1 and from outdated blood. 
Fig. lB, for subject 2, showed a very small potential interfering peak at the place whete 
metabolites appear. To demonstrate the rr ;olution of nitroglycerin from its metabolites 
the cell suspension of outdated blood was spiked with nitroglycerin, dinitroglycerins and 
internal standard. The cluomatogram for a solution containing 90 ng/ml nitroglycerin and 
90 ng/ml 12dinitroglycerin (Fig, 1C) demonstrates that clear separation of these com- 
ponent:? is easily achieved. The 1,3dinitro metabolite has a retention time identical to 
that of the 1,2derivltive. 

g Baker Resi-Analyzed for pesticide analysis, J.T. Baker Chem. Phiiipsburg, N.J. 05865, U.S.A. 



326 

TIME , minutes + TIME, minutes 

100 
80 

60 

40 

Fig. 1. Chromatograms (response vs time in min) for the ethylacetate extracts of red blood cells sus- 
pended in normal saline at 37’C. The numbers above the peaks are retention times in mir,&es: A, 
blank for both subject 1 and outdated blood; B, lblank for subject 2;C, outdated blood spiked with 90 
q/ml 1 ,tdinitroglycerin (1.09 min), 90 ng/ml nitroglycerin (2.19 min), and. 1 -fluoro-2,4dinitro- 
benzene (internal standard, 2.68 min); D, outdated blood with 180 ng/ml added nitroglycerin sampled 
at zero time; E, outdated blood initially at 180 ng/ml nitroglycerin sampled at 40 min; F, subject 2 
with 180 ng/ml added nitroglyce=in sampled at zero time; G, subject 2 initially zt 180 ng/ml nitro- 
gljrcerin sampled at 40 min. 

Fig. 2. Relationship between the logarithm of the amount of nitroglycerin remaining in 2 ml of resus- 
pended cells as a function of time in minutes. The initial concentration of nitroglycerin was 180 ng/ml 
anld the suspension stored at 37’(‘. The data are for cells from: o, outdated blood; 0, subject 1; 6, 
subject 2. 

Analysis of samples of resuspended cells incubated with 180 ng/ml of nitroglycerin 
resulted in chromatograms represented b:y Fig. ID-G. Fig. 1D and F are zero time 
determinations for outdated blood and subject 2, respectively and Fig. 1E and G are for 
the same cell studies but sampled at 40 min. From chromatograms such as those in Fig. 1 
together with standard curves for the response of known amounts of nitroglycerin in solu- 
tion, it is possible to calculate the amount of nitroglycerin remaining at each of the 
several sampling timl;s. When these data are plotted as the logarithm of amount remaining 
w time, the result obtained is a linear relationship as presented in Fig. 2. 



DISCUSSION 

it is clear when using cells from outdated blood (Fig. 1D and E) that as the concentra- 
tion of nitroglycerin decreases with time there is no indication that met&&e forms. The 
chromatograms show that there is a small amount of material that has a retention the 
similar to that of metabohte (1.02 and 1.06 min, respectively) in samples at 0 and 40 mm 
post-incubation. The small amounts appearing are due to thermal decomposition of nitro- 
glycerin on the column where about 12% decon~~sition is expected. Also, the k cor- 
responding to the metabolite decreases as nitroglycerin decreases and thus substant~t~ 
the thermal decomposition hypothesis. The very small metabolite peak in the chro- 
matograms using the second subject’s cells (Fig. 1F and G) does not change with time 
although the content of nitro~ycer~ decreases. The small peak should decrease but 
experimental error and the observation that a potentially interfering material is extracted 
by ethyl acetate from the subject’s cells (Fig. f B) may explain this ob~rvat~on. 

Armstrong et al. (1980) found a rapid loss of nitroglycerin when the drug was incubated 
with human whole blood or resuspended cells at 37°C (tt,2 = 6.2 and 6.6 min, respec- 
tively). They did not assay for metabolites but assumed the reaction was e;;zjrmatic based 
on the work of Marcus et al. (1978) who isolated ~u~~t~one transferase p from fresh and 
outdated blood. The enzyme is different from hepatic gutathione transferases or - the 
S form of which is very active in the metabolism of nitro~yce~. Marcus et al. state that 
the p enzyme differs from the o-e forms in ‘its inability to catalyze . . . the denitration of 
nitrate esters’ ~clud~g ~tro~yce~. Armstrong et al. presented calc~ations of potential 
nitroglycerin loss in blood based on a presumed specific enzyme activity for the gluta- 
thione transferase p of 1360 n~~n~rng protein. This value is derived from a table in the 
MWCUS paper which is not a specific activity but ‘represents the lower limit of the assay at 
the highest enzyme concentration used’. Lee (1973) used labelled ~tro~ycer~ and a 
thinlayer chromatographic separation to study the loss of nitropJycerin at high initial 
concentrations (1 rn~~) in blood as well as the formation of mztabolites. He reports 
that whole blood metabolizes nitroglycerin to dinitroglycerin at a rate of 0.096 pmol/mlf 
min (22 ~g~~~rn~). This activity would predict a rate of loss of nitroglycerin from 
blood that is higher than any observed rate of loss from the body especially at levels 
expected fo~ow~g sub~ng~i dosing (2 ng/ml) or fo~owing i.v. infusion (62 nail 
(Armstrong et al., 1980). Armstrong in fact reports a biological half-life of nitroglycerin 
of 1.9 min foilowing iv. infusion. This rate would not be expected if Lee is correct. 

Maier et al. (X979) studied the stability of nitro~ycerin in human and rat plasma 
and suggested that the reaction was enzymatic based on the work of Di Carlo and Me@ 
(1970). These latter workers studied the decomposition of nitroglycerin irk rat serum 

(t r,* = 20 min) and unlike Maier et al. also measured the appearance of metabolites 
using labeled nitroglycerin and thin-layer chromatography. Maier et al. report about a 
g-fold slower loss of nitroglycerin in human plasma compared to the rat (t,,* = 22 min 
at 37”~ in the rat). The loss of nitro~ycer~ in plasma is much slower than in blood. In 
human plasma the half-life is 53.4 min according to Armstrong et al. (1980) and 175 mm 
according to Maier et al. (1979) wh,:, used a slightly diluted plasma. Because the plasma 
loss is slower than that in blood. the question is raised if it is enzymatic since the decom- 
position in blood is not. Based on some of our preliminary studies concerning the nitro- 
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glycerin reaction with proteins, we suspect that nitroglycerin can readily react with sulf- 
hydryl groups to form denitrated compounds, and suggest that perhaps this is what is 
occurring in the plasma systems. Studies in our laboratories will further explore this pos- 
sibility. 

Further evidence exists that the decomposition of nitroglycerin in blood is non- 
enzymatic. Lang er al. (i972) followed the blood levels of nitroglycerin as a function 
of time in control and completely eviscerated rats after I.v. injection. in the control ani- 
mals there was a rapid disappearance of nitroglycerin (trll <I min) and a simultaneous 
ap~arance of metabo~tes peaking ti 2-5 min and di~p~a~g with a of-life of 3-4 h. 
In direct contrast, the disappearance of nitroglycerin from the blood of eviscerated animals 
ihad a half-life of 7-8 min where there was no increase with time in the initial very low 
concentration of metabolites thus suggesting a non-enzymatic loss from blood, 

The half-life for the first-order loss of nitroglycerin from resuspended cells of subject 
1 and from outdated blood was 10 min and that for subject 2,1 S min (Fig. 2). All studies 
were conducted at an initial nitroglycerin concentration of 180 q/ml. The half-life found 
by Annstrong et al. (1580) was 6.6 mm at an initial concentration of 50 ng/ml. Some of 
our own studies using whole blood and resuspended cells from outdated blood at initial 
concentrations of 60 q&l gave rate constants similar to those of Armstrong (Ql -7 
min). It is our observation that the rate constant for the loss of nitro~y~er~ from blood 
decreases as the initial concentration of nitro~ycerin increases. At very high initid con- 
centrations (100 &ml) the rate is essentially zero. 

Although we cannot offer a mechanism for the loss of nitroglycerin in blood at the 
present time, we feel that the mechanism cannot be enzymatic but probably is physical 
in nature since nitroglycerin is lost without the formation of dinitroglycerin. Studies in 
progress should establish the mechanism. 

The observations of Armstrong et al. and Maier et al. still retain their significance. The 
loss of nitroglycerin in blood and plasma is real, having a finite mheasureable rate. It is 
only the interpretation of mechanism that is lacking. An understanding of the mechanism 
is important for valid interpretation or prediction of blood effects on nitroglycerin dispo- 
sition. 
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