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Analysis of isobutyl nitrite inhalant in rat and human blood:
application for pharmacokinetic investigations
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Abstract

Organic nitrites have been used therapeutically for the treatment of angina pectoris and as diagnostic agents for the
evaluation of cardiac heart murmurs. In addition, these highly volatile vasodilators are being used as inhalant drugs of abuse.
We developed a gas chromatographic assay using electron capture detection for the analysis of a representative nitrite
inhalant, isobutyl nitrite (ISBN), in rat and human whole blood. Unconventional sampling and processing techniques were
required because of the high volatility and chemical instability of nitrites in biological fluids. Our method produced a mean
recovery of ISBN from rat blood of about 86% over a concentration range of 1.0 to 400 ng/ml. The inter-day coefficient of
variation was below 15% at the lowest quantifiable concentration of 1 ng/ml ISBN in rat blood. In this report, we applied the
analytical method to obtain new pharmacokinetic information about ISBN. Results show that rats inhaling 900 ppm ISBN for
45 min produced steady-state blood concentrations of about 290 ng/ml, and a rapid elimination half-life of 1.4 min.
 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction relaxant in difficult pre-term cesarean deliveries [1],
as a coronary vasodilator prior to thallium imaging

In 1867, Sir Thomas Lauder Brunton was the first [2], as a diagnostic agent for the evaluation of heart
to show that isoamyl nitrite (ISAN) could relieve the murmurs [3], and as an antidote for cyanide poison-
chest pain that arose from angina pectoris. Over the ing [4]. For pharmaceutical use, organic nitrites are
last century, inhaled ISAN has been used for the packaged in small, thin glass capsules covered by
treatment of this disease. In recent years, this organic cloth webbing that are crushed between the fingers to
nitrite has also been used as a smooth muscle allow breathing of the vapors.

In addition to therapeutic applications, organic
nitrites, in particular isobutyl nitrite (ISBN), are used
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States [5]. Some epidemiological studies have asso- 400 ng/ml. Calibration curves were obtained via the
ciated nitrite use with Kaposi’s Sarcoma, the most peak area ratio of ISBN vs. NPN using linear least-
common cancer reported in AIDS patients [6,7]. The square regression.
biological and reported toxicological actions of
nitrite inhalants are believed to be due to their ability 2.3. Aqueous standard curve
to produce nitric oxide (NO), although recently the
role of NO in nitrite-induced immunotoxicity was Stock solutions of ISBN (1.9 mg/ml) in DMSO
disputed [8]. were prepared in gas-tight glass vials. Working

Despite their use as medicinal agents and populari- standards were made by pipetting 4 or 40 ml
ty as ‘‘street’’ drugs, the pharmacokinetics of organic (depending on the desired concentration of the ISBN
nitrites have never been investigated. This lack of standard) of the stock solution into gas-tight glass
information is most likely due to the presence of vials containing 9 ml of DMSO using a gas-tight
bioanalytical difficulties associated with these com- syringe. Calibration standards of ISBN were pre-
pounds, since nitrites are highly unstable in aqueous pared by adding 0.5–20.0 ml of the working standard
solution and biological fluids, due to their hydrolytic to 0.4 ml of double-distilled water in gas-tight glass
lability and volatility. We now have developed vials. The final concentration of ISBN ranged from
special handling procedures to overcome these dif- 1.0 to 400 ng/ml. Samples were immediately ex-
ficulties, resulting in the successful development of a tracted with 0.4 ml of pentane (08C) containing NPN
sensitive and reproducible assay for the determi- (78.3 ng/ml) under gas-tight conditions. The solu-
nation of ISBN in rat and human whole blood. We tions were vortexed for 5 s and an aliquot of pentane
further demonstrate that this method can be applied was subsequently removed and placed in glass
in the examination of ISBN pharmacokinetics in rats. conical vials for injection. The calibration curves

were obtained as described.

2. Experimental 2.4. Whole blood standard curve

2.1. Chemicals and reagents Stock solutions of ISBN (1.9 mg/ml) in DMSO
were prepared in gas-tight glass vials. Working

ISBN and n-propyl nitrate (NPN) were purchased standards were made by pipetting 4 or 40 ml of the
from Aldrich (Milwaukee, WI, USA). Dimethyl stock solution into gas-tight glass vials containing 9
sulfoxide (DMSO) was purchased from Sigma (St. ml of DMSO using a gas-tight syringe. Calibration
Louis, MO, USA). Pentane was of capillary GC/ standards of ISBN were prepared by adding 0.5–20.0
GC–MS solvent grade (Burdick and Jackson, Mus- ml of the working standard to 0.4 ml of whole blood.
kegon, MI, USA). The final concentration of ISBN ranged from 1.0 to

400 ng/ml. The samples were extracted with pentane
2.2. Pentane standard curve in the presence of internal standard as described.

Stock solutions of ISBN (18.7 and 187 mg/ml) 2.5. Apparatus and assay conditions
and internal standard NPN (235 mg/ml) in pentane
were prepared separately in gas-tight glass vials. Pentane samples were prepared and injected (3 ml)
Calibration standards of ISBN were prepared by on the gas chromatograph with a Hewlett-Packard
adding 0.5–19.3 ml of the stock solution of ISBN to 7673A automatic sampler (San Fernando, CA, USA).
gas-tight vials containing 9 ml of pentane using a The analysis was carried out using a Hewlett-Pac-
gas-tight syringe. NPN was added to the calibration kard 5890A gas chromatograph equipped with an
standards by pipetting 3 ml of the stock solution to electron-capture detector. A J&W Scientific (Folsom,
each calibration standard to achieve a final con- CA, USA) DB-1 capillary column was used (30
centration of 78.3 ng/ml. The final concentration of m30.32 mm I.D.; 1 mm film thickness). Nitrogen
the ISBN calibration standards ranged from 1.0 to (extra dry grade) was used as the carrier gas (1.0
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ml /min) and the detector gas (21.0 ml /min). The same concentration as the blood and water standards.
samples were chromatographed using gradient tem- These samples were also vortexed for 5 s and an
perature elution: 308C for the initial 9.5 min fol- aliquot of pentane was removed for injection. To
lowed by 458C for the remaining 8.5 min. The oven determine the percent recovered, the peak area of the
temperature was increased at a rate of 608C/min. extracted samples were divided by the peak area of
The total run time was 18.3 min. The injector and the spiked pentane samples and multiplied by 100.
detector temperature were set at 458C and 1958C, To determine the amount of NPN remaining in
respectively. pentane after extraction, 0.4 ml of pentane (08C)

The inhalation chamber was constructed with a containing NPN was extracted with an equal volume
vaporizer (Cyprane, Keighley, UK) calibrated for of rat whole blood by vortexing for 5 s. An aliquot
ISBN, medical grade air (Strate Welding, Buffalo, of pentane was subsequently removed and placed in
NY, USA), and a gas anesthetizing box (Braintree glass conical vials for injection. Pentane was also
Scientific, Braintree, MA, USA). Volatilized ISBN in spiked with NPN (78.3 ng/ml) and injected. The
the inhalation chamber was determined using gas percent of NPN remaining in the pentane layer was
chromatography–flame ionization detection (GC– determined by dividing the peak area of NPN
FID). Air containing ISBN was analyzed by with- following extraction by the peak area of NPN-spiked
drawing 1.0 ml from the chamber with a gas-tight pentane samples and multiplied by 100. The amount
syringe followed by injection of a 30-ml aliquot on of NPN remaining in pentane after extraction with
the GC–FID system. Calibration standards ranging water was not determined.
from 0 to 1500 ppm were prepared by injecting
microliter volumes of ISBN into gas-tight vials that

2.7. In vitro instability of ISBN
were allowed to vaporize before analysis. Complete
vaporization of the standards was verified by heating

The degradation of ISBN in phosphate buffer (pH
the vials above its boiling point (678C). Inter- and

7.4), rat plasma, rat blood and human blood was
intra-day variability was less than 13% (data not

determined. Fresh samples (0.4 ml) were placed in
shown).

gas-tight glass vials incubated at 378C and spiked
with ISBN prepared in DMSO to achieve an initial

2.6. Recovery of ISBN and NPN
concentration of 94 ng/ml. At different times, sam-
ples were extracted with pentane containing NPN

Stock solutions of ISBN (1.9 mg/ml) in DMSO
and assayed as described.

were prepared in gas-tight glass vials. Working
standards were made by pipetting 4 or 40 ml
(depending on the final concentration of ISBN 2.8. Animal studies
desired) of the stock solution into gas-tight glass
vials containing 9 ml of DMSO using a gas-tight Male Sprague–Dawley rats were anesthetized
syringe. Standards of ISBN for extraction were using ketamine /xylazine and the left femoral artery
prepared by adding 0.5–20.0 ml of the working was cannulated for blood withdrawal. The following
standard to 0.4 ml of double-distilled water or fresh day, rats were subjected to 900 ppm ISBN for 45
rat and human whole blood in gas-tight glass vials. min in the inhalation chamber. Blood samples (0.4
The final concentration of ISBN ranged from 1.0 to ml) were taken through a heparinized cannula with a
400 ng/ml, except for human blood, in which 0.5-ml gas-tight glass syringe stored at 08C just prior
recovery was determined only at 123 ng/ml. Sam- to blood sampling. After collection into the ice-cold
ples were immediately extracted under gas-tight syringe, the blood was immediately processed by
conditions with 0.4 ml of pentane (08C) by vortexing pipetting the sample into a gas-tight vial containing
for 5 s. An aliquot of pentane was subsequently an equal volume of pentane (08C) with internal
removed and placed in glass conical vials for in- standard, and vortexed for 5 s. After vortexing, an
jection. We also prepared pentane samples (08C) that aliquot of pentane was removed and analyzed by GC
were spiked with working standards to achieve the as previously described.
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Table 12.9. Statistics
Assay recovery data of ISBN in rat blood, human blood and water
(mean6standard deviation; n53 each concentration)

Statistical analysis was performed using analysis
Concentration % Recoveryof variance (ANOVA). P values ,0.05 were consid-
(ng/ml)ered statistically significant. Data are expressed as

Rat blood Human blood Water
mean6standard deviation. The half-life of ISBN was

1.0 82.468.4 – 86.367.9calculated as 0.693/k , where k is the first-orderel el 10.4 84.168.6 – 89.266.6
elimination rate constant. 41.7 87.065.7 – 89.262.8

123.0 88.366.5 85.568.4 90.266.2
400.0 87.564.8 – 92.863.5

3. Results

Representative assay chromatograms of a pre-dose amount of NPN remaining in the pentane phase after
rat blood sample (A), and rat blood samples taken extraction with rat blood was 95.963.8% (n56).
during the wash-out (B) and apparent steady-state Calibration curves obtained from blood, water and
level (C) are shown in Fig. 1. The retention times for pentane were linear in the range of 1.0 to 400 ng/ml.
ISBN and NPN were 7.6 and 15.9 min, respectively. The intra- and inter-day coefficient of variations for
Extraction of ISBN from rat blood and water was ISBN in rat blood, water and pentane at concen-
determined at 1.0, 10.4, 41.7, 123 and 400 ng/ml. trations 1.0–400 ng/ml are shown in Table 2.
The recovery appeared to be independent of con- Variability in all sample systems was generally less
centration or the nature of the biological fluids than 15%. Correlation coefficients were greater than
(Table 1; P.0.05, ANOVA). Mean recovery values 0.96 in all cases (see footnote in Table 2). The intra-
of 85.962.5% and 89.562.3% were obtained for rat and inter-day coefficient of variation of NPN after
blood and water, respectively (n515 each). Extrac- extraction with blood was 2.6 and 7.4%, respective-
tion of ISBN from human blood was determined at ly. Stock solutions of ISBN in DMSO and pentane
123 ng/ml and the percent recovery was similar to were found to be stable at room temperature for at
that observed with rat blood (See Table 1). The least 2 h and 24 h, respectively.

Fig. 1. Representative assay chromatograms of a pre-dose rat blood sample (A), and rat blood samples taken during the wash-out (B; 24.7
ng/ml), and apparent steady-state (C; 259 ng/ml) conditions. The retention times of ISBN and NPN were 7.6 and 15.9 min, respectively.
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Table 2
aThe intra- and inter-day variabilities of ISBN determinations in rat blood, water and pentane (n56 each)

Concentration Coefficient of variation (%)
(ng/ml)

Intra-day Inter-day

Blood Water Pentane Blood Water Pentane

1.0 10.6 8.2 6.6 14.4 10.0 9.1
10.4 7.7 4.2 4.8 10.7 8.8 10.2
41.7 4.9 2.1 1.9 9.3 10.1 4.7
77.0 3.4 1.8 2.9 9.4 8.4 6.3

123.0 3.6 1.7 3.3 11.9 4.1 4.9
400.0 3.5 2.2 1.1 3.3 4.6 3.8

a Regression equations for ISBN determination in rat blood, water and pentane ( y5peak area ratio, x5ISBN concentration); slope and
23 23 2intercept values are expressed as mean6standard deviation: ISBN in rat blood: y51.22 (60.44)?10 x21.19 (63.71)?10 ; r 50.96

23 23 2 23(60.02); ISBN in water: y51.39 (60.30)?10 x20.58 (66.33)?10 ; r 50.96 (60.04) and ISBN in pentane: y51.06 (60.17)?10 x23.09
23 2(61.88)?10 ; r 50.98 (60.01).

The degradation of ISBN in phosphate buffer and concentrations declined mono-exponentially with a
biological fluids is shown in Fig. 2. The rate of ISBN half-life of 1.460.2 min, which was unchanged over
degradation in all fluids appeared to follow first- five half-lives.
order kinetics. The average half-life for ISBN in
human blood, rat blood, rat plasma and phosphate
buffer were 1.260.2, 1.760.2, 7.961.2 and
20.463.4 min, respectively (mean6SD; n53–4 4. Discussion
determinations).

Fig. 3 shows the pharmacokinetic profile of ISBN Analytical methods for the determination of ni-
in rats after a 45-min exposure of 900 ppm ISBN. trites in biological fluids have never been reported,
Steady-state blood concentrations of ISBN were probably because of their unstable chemical and
rapidly achieved at approximately 290 ng/ml and physical properties. We have described a sensitive
remained at this level throughout the entire dosing and reproducible gas chromatographic assay for a
interval. After ISBN exposure was terminated, nitrite volatile nitrite using unconventional sampling and

processing techniques to circumvent these problems.

Fig. 2. Degradation of ISBN in several biological media and
aqueous buffer. Bars represent standard deviations of mean Fig. 3. Whole blood concentration of ISBN in rats during and
observations of three to four replicates. after inhalation of 900 ppm ISBN for 45 min (n56).
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In preliminary experiments, we determined that min. The rapid systemic absorption and elimination
enzyme inhibitors such as N-ethyl maleimide (a of ISBN are consistent with its vasodilative activity
sulfhydryl alkylator), silver nitrate (which denatures observed in rats (unpublished data) and the acute
protein), and a sodium fluoride–potassium oxalate effects of the inhalation of organic nitrites seen in
mixture were not effective in stabilizing inhalant humans [9,10].
nitrite in blood. Therefore, in our pharmacokinetic In summary, we have developed a specific assay
study, ISBN blood samples were withdrawn using a for the determination of ISBN in rat and human
gas-tight glass syringe stored at 08C prior to use. To blood. Due to the uncommon physicochemical prop-
verify that this process did not lead to substantial erties of ISBN, our sampling and extraction pro-
loss of ISBN before analysis, either due to blood cedures emphasized low temperature, rapidity and
degradation or volatility, the blood withdrawal pro- gas-tight processing. Our developed method is ca-
cedure was simulated and examined in vitro. Under pable of efficient and reproducible recovery of ISBN
these conditions, it was determined that ISBN loss from blood at the 1 ng/ml level. We confirm that this
during simulated sampling was less than 5% before method is suitable for pharmacokinetic studies of
analysis. ISBN, and may be applied in the examination of the

The in vitro instability study indicates that ISBN pharmacokinetics and pharmacodynamics of volatile
degradation is rapid in biological fluids at physiolog- nitrites. Since we show that ISBN undergoes rapid
ical temperature. Because of this property, the sam- systemic clearance, it is uncertain whether the pres-
ple processing of ISBN needed to be carried out ent method has the requisite sensitivity for quantify-
under cold temperatures, rapidly and under gas-tight ing ISBN under human usage conditions. However,
conditions. Immediate extraction into pentane at 08C deaths due to ingestion of nitrites have been docu-
in sealed glass vials efficiently removed ISBN from mented [11,12] and it is possible that the present
whole blood and allowed us to quantify it in a method may also have utility in forensic situations.
solvent in which it did not degrade. Under these
conditions, the limits of quantification and detection
of ISBN from rat blood were 1 and 0.4 ng/ml,
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