
Further studies are needed to assess the potential- 
ly adverse effects of drug-nitrite interactions in hu- 
mans, especially those on chronic medication where 
readily nitrosatable drugs and high dietary intake of 
nitrite may be involved. 
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Application of Mixed Electron- 
Impact-Chemical Ionization 
High-Resolution Mass Spectrometry t o  a 
Medicinal Agent 

Keyphrases Structure determination-appliiation of mixed 
electron-impactchemical ionization high-resolution mass spec- 
trometry Mass spectrometry, mixed electron impact-chemical 
ionization-structure determination 

To the Editor: 

Chemical ionization mass spectrometry has proven 
to be a useful technique for molecular structure de- 
termination of various classes of medicinal agents, 
especially for compounds that contain no molecular 
ion in the electron-impact spectra. Successful identi- 
fication of drug metabolites and multicomponent 
drug mixtures, such as those received by forensic lab- 
oratories, is an excellent example of the utility of 
chemical ionization mass spectrometry. Several com- 
prehensive listings of chemical ionization and elec- 
tron-impact mass spectra are available for compari- 
son with spectra of unknown drugs (1-3). Therefore, 
it  is useful to obtain both types of spectra for struc- 
ture elucidation of medicinal agents. 

Chemical ionization mass spectra are produced uia 
gaseous ion-molecule reactions occurring in the ion 
source of the mass spectrometer. For an ion-molecule 
reaction to take place, it is necessary to raise the low 
pressure torr) which is characteristic of the 
conventional electron-impact source. “Closing” the 
source allows the pressure to increase to approxi- 
mately 0.5 torr when a reagent gas such as isobutane 
is added. However, this modification, which facili- 
tates ion-molecule reactions in the chemical ioniza- 
tion mode, may precipitate reactions in the source 
between sample ions and sample molecules in the 
electron-impact mode (ie., self-ionization). 

Many investigators have noted the occurrence of 
collision-induced ions in the electron-impact spectra 
obtained from closed source instruments (4), particu-. 
larly MH+ and fragments generally associated with 
chemical ionization spectra. Collision-induced ions 
together with those ions resulting directly from elec- 
tron impact constitute what is referred to here as a 
mixed electron-impact-chemical ionization spectra. 
The ratio of collision ions to electron-impact ions 
contained in a mixed electron-impact-chemical ion- 

Table I-Mixed Electron-Impact-Chemical Ionization 
High-Resolution Mass Spectral Data of Meprobamate 

Elemental Relative 
Composition Theoretical Found Intensity, 5% 

219.1344 
158.1180 
144.1024 
114.1044 
96.0938 
83.0860 
6 2.024 1 
5 5.0 54 6 
44.0136 

219.1335 
158.11 77 
144.1007 
114.1032 
96.0931 
83.0844 
62.0242 
55.0550 
44.0125 

79 
100 
81 
15 
22 
90 
35 
68 
51 
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Figure 1-(A) Mass spectrum of meprobamate obtained prior to 
chemical ionization modification of the instrument. (B) Chemical 
ionization (CI) spectrum of meprobamate after installation of a 
dual electron-impact (El)-chemical ionization source. (C) Mixed 
electron-impact-chemical ionization spectrum of meprobamate. 

ization spectra can be altered by varying the pressure 
in the closed ion source. Higher pressure can easily be 
attained by either increasing the sample size or re- 
ducing the dimensions of the electron entrance and 
ion exit slit. 

Mixed electron-impact-chemical ionization spec- 
tra have been particularly useful for compounds, 
such as meprobamate, that show no molecular ion in 
the electron-impact spectra (open source). Dicarba- 
mates and many other classes of medicinal agents 
readily give mixed electron-impact-chemical ioniza- 
tion spectra because of their large cross section for 
proton capture (5 ) .  

All of the mass spectra shown here were obtained 
on the same high-resolution mass spectrometer cou- 
pled with a data processor1. Samples were introduced 
into the source via a direct insertion probe. Spectra 
were obtained at  a source temperature of 90’. Figure 

l An A.E.I. MS-902 double-focusing masn spectrometer equipped with a 
Chemspect CIS-2 chemical ionization-dectron-impact source was used, and 
the high-resolution results were processed by a PDP-8 computer. 

1A is a mass spectrum of meprobamate obtained 
prior to chemical ionization modification of the in- 
strument (open source). Figure 1B shows the chemi- 
cal ionization spectrum of the same compound after 
installation of a dual electron-impact-chemical ion- 
ization source (closed source). Isobutane was used as 
the reagent gas. Figure 1C is an illustration of a 
mixed electron-impact-chemical ionization spectrum 
obtained from a dual electron-impact-chemical ion- 
ization source instrument. This closed source spec- 
trum was obtained in the electron-impact mode by 
merely increasing the sample pressure. No reagent 
gas was added. 

By adding perfluorokerosene and carefully adjust- 
ing the pressure in the source, it is possible to obtain 
a mixed electron-impact-chemical ionization spec- 
trum suitable for high-resolution mass measure- 
ments. While fast scanning the mixed electron-im- 
pact-chemical ionization high-resolution spectrum, 
we were able to measure both electron-impact and 
collision-induced ions. 

Meprobamate shows no molecular ion in the elec- 
tron-impact spectrum of an unmodified instrument 
(6, 7). However, additional information was available 
in the mixed electron-impact-chemical ionization 
spectra. An MH+ ion was observed at mle 219, and 
high-resolution mass spectrometry established its el- 
emental composition as CgHIgN204. The base peak 
at  mle 158 was derived from the MH+ ion through 
the loss of carbamic acid. In addition, high-resolution 
printout data were obtained on all abundant frag- 
ment ions usually contained in the electron-impact 
spectra. In Table I, the exact measured mass values 
of several major ions are listed and compared with 
the theoretical mass values. 

Simple inspection of the electron-impact spectra 
obtained from a dual electron-impact-chemical ion- 
ization source is usually sufficient to distinguish ions 
produced by electron impact from collision-induced 
ions. Mixed electron-impactchemical ionization 
spectra cannot be compared with standard electron- 
impact spectra due to the presence of collision-in- 
duced ions. If comparison is desired, however, elec- 
tron-impact spectra corresponding to a standard can 
be readily obtained by a simple reduction of the sam- 
ple pressure in the source. 

In conclusion, the mixed electron-impactchemical 
ionization high-resolution operation is a simple tech- 
nique and provides both electron-impact and chemi- 
cal ionization information on the same spectrum. 
This technique has proven very useful for the struc- 
ture determination of medicinal agents in our labora- 
tory. 
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Methodological Differences in 
Correlating Digoxin 
Dissolution with Bioavailability 

Keyphrases 0 Digoxin-correlating dissolution and bioavailabili- 
ty, differences in methods, paddle-water method and rotating-bas- 
ket apparatus Dissolution-digoxin, methods of determination, 
correlation with bioavailability Bioavailability-digoxin, corre- 
lation with dissolution, methods of dissolution determination 

~~~~~ ~~ 

To the Editor: 
A recent report by Klink et al. (1) indicated that 

the “paddle-water” method for determining dissolu- 
tion rates for digoxin tablets failed to reflect the com- 
parative bioavailability properties of two commer- 

The dissolution properties of six tablets each from 
Treatment I1 and Treatment 112 tablets were deter- 
mined using the USP rotating-basket apparatus and 
employing the conditions specified in the USP (9). 
Samples were withdrawn and assayed by a fluoro- 
metric method (10) at  15, 30, 60, and 120 min after 
commencement of the studies. 

The results of these studies are summarized in 
Table I, which lists the amount of digoxin in solution 
at various times for both the USP method and the 
paddle-water method (1). As indicated by these re- 
sults, the two brands showed fairly similar dissolu- 
tion properties, especially at  the 60- and 120-min 
sampling times, when the USP method was em- 
ployed. This finding is in contrast to the large differ- 
ences observed at all sampling times when the pad- 
dle-water method was employed; Treatment I tablets 
dissolved much more rapidly than did Treatment I1 
tablets. 

These results are of significance when the in uiuo 
performance of the two brands is considered. As re- 
ported by Klink et al. (11, the bioavailabilities of 
Treatment I and Treatment I1 tablets, as determined 
by the area under the serum level-time curves from 0 
to 48 hr relative to similar areas obtained from-digox- 
in elixir data, were 106.38 f 10.27 and 100.75 f 
24.09%, respectively. Similar relationships between 
the two brands were observed when the 0-5-, 0-12-, 
and 0-24-hr areas were compared. 

Thus, from the dissolution data presented, it ap- 
pears that, in the case of the specific lots of the two 
brands of digoxin tablets studied, the USP method 
for determining dissolution rates is of greater reli- 
ability than is the paddle-water method in predicting 
bioavailability. Based on these findings and the find- 
ings of others (2-8), it appears that much work re- 
mains to be done before the acceptance of a single in 

Table I-Mean Percent (*Standard Error) of Labeled Digoxin in Solution at Various Times following 
In Vitro Dissolution by Two Different Methods 

USP Methoda Paddle-Water Methodb 

Minutes Treatment I Treatment I1 Treatment I Treatment I1 

15 
30 
60 
120 

65.1 i 2.4 
76.6 i 1.8 
83.7 * 3.0 
92.2 i 0.9 

29.6 f 2.7 
60.0 i 4.1 
77.0 * 1.4 
86.7 * 0.9 

-C 

34.9 f 4.3 
46.9 f 6.1 
59.1 i 3.9 

- 
6.0 5 1.2 
8.0 f 0.8 
19.4 * 3.5 

a Mean of six tablets. bData from Ref. 1; mean of five tablets. CSamples not taken. 

cially available digoxin products. Specifically, large 
differences in dissolution rates were observed which 
failed to reflect the similar bioavailabilities of the two 
brands studied. 

A number of reports have appeared indicating suc- 
cessful in vivo-in vitro correlation employing differ- 
ent methods (2-8), including the method recently 
adopted by the USP (9). Thus, the purpose of this 
communication is to report the results of recent dis- 
solution rate studies carried out on the same batches 
of tablets employed by Klink et al. (1) using the USP 
dissolution rate test method. 

vitro dissolution test for the prediction of digoxin 
bioavailability from compressed tablets. 
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