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Binding and Metabolism of Nitroglycerin by Rat Blood Plasma (33889) 

FREDERICK J. DI'CARLO AND MYRIAM D. MELGAR 
Biochemistry Department, Warwr-Lanzbert Research Institute, Morris Plains, New Jersey 07950 

Although protein binding is a component 
of the metabolic profile of a drug, this in- 
formation was lacking for nitroglycerin. 
Drugs which are bound firmly by blood pro- 
tein are generally considered to offer possible 
long duration of activity. Nitroglycerin is 
well known to act quickly, but briefly. Ac- 
cordingly, it might have been expected to 
show little or no affinity for plasma protein. 
This point was investigated to extend under- 
standing of the metabolism of organic ni- 
trates. 

Organic nitrates are known to undergo bio- 
transformation by blood erythrocytes (1, 2) 
and plasma (2).  Therefore, the present study 
provided an opportunity to determine the 
binding of nitroglycerin metabolites. 

Materials and Methods. ( 1, 3-14C) -Gly- 
ceryl trinitrate was synthesized at Evans Re- 
search and Development Corp. from (1, 
3 -14C-glycerol by the nitration procedure of 
Lawrie (3).  Purification according to Dun- 
stan et al. (4) yielded a product with 99.9% 
radiochemical purity. In  order to minimize 
the danger of explosion, the product was di- 
luted with 19 parts by weight of C. P. lac- 
tose. The specific activity of the mixture was 
0.18 mCiJg. 

Binding experiments. In  order to limit the 
extent of nitroglycerin metabolism, the ul- 
trafiltration technique of Rehberg (5) was 
used at  0". The centrifugation time was 45 
min. The concentration of nitroglycerin was 
varied from 50 to 500 pg/ml of fresh rat 
blood plasma. The volume employed was 2.0 
ml for each experiment. 

Immediately following each ul trafil tration, 
aliquots of the plasma were taken for count- 
ing and the balance was diluted with an 
equal volume of methanol to precipitate pro- 
teins and to halt enzymatic reactions. The 
mixtures were centrifuged and the superna- 
tants were used for thin-layer chromatogra- 
phy. The filtrates were used directly for 
counting and thin-layer chromatography. 

Radioactivity counting. Scintillation spec- 
trometry was used to measure the 14C concen- 
trations. The scintillation solution consisted 
of 7.0 g of 2,s-diphenyloxazole; 0.3 g of 
1,4 - bis- 2 - (4 -methyl- 5-phenyloxazolyl) -ben- 
zene; and 100 g of naphthalene in 1.0 liter of 
freshly distilled dioxane. 

Thin-Layer Chromatography. Thin-layer 
chromatograms were developed on 2 X 8-in. 
glass plates coated to a thickness of 250 p 
with silica gel G. The solvent consisted of 
benzene:ethyl acetate:acetic acid, 16:4: 1 
(v/v/v) . The ascending technique with 
chamber saturation gave the best resolution 
of nitroglycerin, glyceryl-1 ,a-dinitrate, and 
glyceryl-l-1,3-dinitrate (6) .  The chromato- 
grams were scanned with a Packard model 
720 1 radiochromatogram scanner to deter- 
mine the Rf values of the radioactive bands. 
The areas of the peaks on the scans were 
measured with a planimeter to determine the 
relative quantity of each labeled compound 
present. 

Results. The protein volume of plasma was 
taken into account in calculating the percent- 
age of drug bound (7). Using values of 
6.0% for the protein content (8) and 0.75 for 
the specific gravity of the protein, the water 
volume of the plasma was estimated 100 - 
(6.0 X 0.75) = 95.576. 

Nitroglycerin was attacked enzymatically 
during the course of the binding experiments 
(Table I) .  Although the temperature was 
low, the period of contact between the sub- 
strate and serum was long enough to degrade 
from 8 to 17% of the drug. The only pro- 
ducts formed in significant quantities were 
the glyceryl dinitrates. In  each experiment, 
far more glyceryl- 1,3-dinitrate than glyceryl- 
1,2-dinitrate was produced; the mean propor- 
tion between the isomers was 1.9. 

Approximately the same proportion of the 
available radioactivity was bound by the rat 
plasma over the tenfold range of 14C- 
nitroglycerin concentration which was inves- 
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Composition" (%) 

Nitroglycerin Glyceryl- Glyceryl- 
(pg/ml of plasma) Fraction Nitroglycerin 1,3-dinitrate 1,2-dinitrate 

50 

100 

200 

500 

Plasma 
Filtrate 

Plasma 
Filtrate 

Plasma 
Filtrate 

Plasma 
Filtrate 

84 
76 

85 
81 

82 
76 

92 
91 

11 
18 

9 
14 

12 
18 

5 
7 

a The R ,  values were: nitroglycerin, 0.65 ; g1yceryl-lj3-dinitrate, 0.47 ; glyceryl-lj2-dinitrate, 
0.35 ; glycerol, 0.00. Neither glyccryl-l-nitrate nor glyceryl-2-nitrate was detected ; both migrate 
to R ,  0.10 in  this solvent, but have been resolved otherwise ( 6 ) .  

tigated (Table 11). Using the nitroglycerin 
degradation data presented in Table I, bind- 
ing values were calculated for the glyceryl 
dinitrates as well as for nitroglycerin. About 
60% of the nitroglycerin was found to be 
bound. Glyceryl-l,2-dinitrate binding was ap- 
proximately the same, but the isomeric gly- 
ceryl-1,3-dinitrate was bound only to the ex- 
tent of about 35%. Table I1 also shows the 
binding data in terms of the quantities of the 
three compounds which are bound per unit 
weight of protein. From this view it is clear 
that plasma protein has a high capacity for 
holding nitroglycerin, but seems to have 
much lower capacity for the glyceryl dini- 
trates. The weight of nitroglycerin bound per 
milligram of protein was proportionate to 
the concentration of the drug. This relation- 
ship also held for glyceryl-l,2-dinitrate, but 
the protein seemed to approach saturation 
with glyceryl-1,3 -dinitrate. 

Discussion. The observation that glyceryl- 

1,2-dinitrate was bound about as extensively 
as nitroglycerin and far more extensively 
than glyceryl-1,3-dinitrate suggests that the 
binding of nitroglycerin may be attributable 
mainly to its adjacent nitrate ester groups. 
The finding that plasma protein shows mod- 
erate affinity for nitroglycerin and strong 
affinity for pentaerythritol tetranitrate ( 2 )  is 
consistent with the relative duration of activ- 
ity of these drugs. Also consistent with the 
clinical data is the observation that nitrogly- 
cerin is metabolized much faster than pen- 
taerythritol tetranitrate by plasma (2).  A 
similar relationship was found previously by 
Needleman and Hunter (9) who observed 
that a hog liver enzyme preparation rapidly 
de-esterfied nitroglycerin, but only slowly at- 
tacked pentaerythritol tetranitrate. 

Since the 1- and 3-positions of nitroglycer- 
in are identical, random cleavage of the three 
nitrato groups would yield twice as much of 
the 1,2-dinitrate as of the 1,3-dinitrate. This 

TABLE 11. Binding of Nitroglycerin and  Glycer,ol Dillitrates by Ra t  Blood Plasma. 
_____ _______ ~~ 

Bound (%) Bound (Scg/mg of protein) 

Nitroglycerin Glyceryl- Glyceryl- Glyceryl- Glyceryl- 

plasma) 14c glycerin dinitrate dinitrate glycerin dinitrate dinitrate 
(pg/ml of Nitro- 1,3- 1,2- Nitro- 1,3- 1,2- 

50 57.8 G2 31 50 424 31 25 
100 60.6 62 38 67 878 55 67 
200 54.4 58 32 55 1585 128 110 
500 53.2 54 34 G8 4140 142 170 
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proportion of glyceryl dinitrates was approx- 
imated in the urine of rats treated with nitro- 
glycerin ( 10). However, the metabolism of 
nitroglycerin by plasma produced a dinitrate 
mixture with a 2 : l  preponderance of gly- 
ceryl-l,3-dinitrate. This result indicates a 
4: 1 preferential enzymatic attack upon the 
secondary nitrate ester grouping at  C-2, and 
is reniiniscent of the selective removal of the 
4-nitrato group from mannitol hexanitrate 
(11, 12) and of the 3-nitrato group from 
dulcitol hexanitrate (13) by pyridine. The 
fact that the observed preferential cleavage 
of nitroglycerin by the serum was not reflect- 
ed by the composition of the urinary dini- 
trates implies that random de-esterification 
may be the main metabolic pathway in the 
total animal. Indeed, the major proportion of 
nitroglycerin degradation may well be effect- 
ed by hepatic organic nitrate reductase (9).  
Whether or not such is the case, it is our 
view that the drug metabolites in the system- 
ic circulation may have greater pharmacologi- 
cal significance. 

Summary. The ultrafiltration technique 
was employed to measure the extent of 14C- 
nitroglycerin binding by the proteins of rat 
blood plasma. Over the concentration range 
of 50-500 pg of nitroglycerin/ml of plasma, 
approximately 60% of the drug was bound. 
During the course of the binding experi- 
ments, nitroglycerin was metabolized to gly- 
ceryl dinitrates. Twice as much glyceryl-1 , 
3-dinitrate was formed as glyceryl-1, 

2-dinitrate, indicating a strongly preferential 
attack upon the 2-position rather than upon 
the terminal positions. The metabolites were 
also bound by plasma proteins with glyceryl- 
1,2-dinitrate being held more extensively 
(about 60%) than glyceryl-1,3-dinitrate 
(35%) * 
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