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Uptake and Distribution of “‘C during and following Exposure to [ “C]Methyl Isocyanate. 
FERGUSON, J. S., KENNEDY, A. L., STOCK, M. F., BROWN, W. E., AND ALARIE, Y. Toxicol. 
Appl. Pharmacol. 94, 104-l 17. Guinea pigs were exposed to [‘4C]methyl isocyanate (14CH3- 
NCO, i4C MIC) for periods of 1 to 6 hr at concentrations of 0.5 to 15 ppm. Arterial blood 
samples taken during exposure revealed immediate and rapid uptake of 14C. Clearance of 14C 
was then gradual over a period of 3 days. Similarly 14C was present in urine and bile immediately 
following exposure, and clearance paralleled that observed in blood. Guinea pigs fitted with a 
tracheal cannula and exposed while under anesthesia showed a reduced 14C uptake in blood 
indicating that most of the 14C MIC uptake in normal guinea pigs occurred from retention of 
this agent in the upper respiratory tract passages. In exposed guinea pigs 14C was distributed to 
all examined tissues. In pregnant female mice similarly exposed to 14C MIC, 14C was observed 
in all tissues examined following exposure including the uterus, placenta, and fetus. While the 
form of 14C distributed in blood and tissues has not yet been identified, these findings may help 
to explain the toxicity of MIC or MIC reaction products on organs other than the respiratory 
tract, as noted by several investigators. 0 1988 Academic press Inc. 

Following the incident which occurred in uted as MIC or in a irreversibly conjugated 
Bhopal, India on December 3, 1984, several form. Recent experiments with another iso- 
investigators have studied the toxicity of the cyanate, toluene diisocyanate, have shown 
major chemical released at that site, methyl that this chemical is circulating in blood fol- 
isocyanate (MIC). The early findings revealed lowing inhalation exposure, irreversibly con- 
the potency of this substance as an irritant to jugated to a protein of 77 kDa (Hill, 1986). 
the respiratory tract (Ferguson et al., 1986; Since isocyanates also react reversibly with 
Nemery et al., 1985, Alarie et al., 1987; SH groups in proteins (Brown et al., 1987), it 
James et al., 1987). However, following a sin- is further possible that following absorption 
gle exposure to MIC, toxicity was observed in in blood the methyl isocyanate group at- 
bone marrow cells (Conner et al., 1987) and tached to plasma proteins can be transferred 
an adverse effect on fertility of both male and to proteins at target cells far removed from 
female mice was demonstrated (Varma et al., the lungs. Therefore, we have undertaken a 
1987). Although the possibility exists that series of experiments to analyze the uptake 
these effects were induced as a result of the and in viva fate of inhaled 14C MIC prior to 
general stress induced following irritation of determination of the conjugates or metabo- 
the respiratory tract, it is equally possible that lites circulating in blood following exposure 
MIC was systemically absorbed and distrib- to this chemical. 
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FIG. 1. Vial containing 14C MIC or MIC used to gener- 
ate the desired exposure concentration. The glass septum 
was broken prior to experiments by the stainless-steel 
needle and dry nitrogen was used to push out MIC vapor 
via a second needle. This vial was connected to the sys- 
tem shown in Fig. 2. 

MATERIALS AND METHODS 

Chemicals 

Methyl isocyanate (MIC) was purchased in 25-g bot- 
tles (Lot 3 3 17AL) from the Aldrich Chemical Company 
(Milwaukee, WI) and was used as received. 14C MIC 
(8.78 mCi/mmol) was synthesized by New England 
Nuclear (Boston, MA) with the 14C label on the methyl 
group (‘4CH,NCO). Gas chromatographic analysis pro- 
vided by NEN showed the radiochemical to be 99% pure. 
It was shipped in a glass vial (see Fig. 1) within a few days 
of synthesis and used on the day it was received. “Cold” 
MIC was also received from the same source in similar 
glass vials and was used to set up the proper parameters 
for exposures using the system described in Fig. 2 prior 
to the 14C MIC experiments. 

Animals 

Male, English short-haired guinea pigs weighing 300- 
350 g were obtained from Hilltop Lab Animals (Scott- 
dale, PA). They were held in an animal room for at least 
7 days prior to exposure with food and water provided 
ad libitum and on a 12-hr light/dark cycle. Just prior to 
exposure, 0.3 ml of blood was withdrawn from cannu- 
lated animals via the carotid artery and from noncannu- 
lated animals via the nail bed. Blood samples were placed 
in Vacutainer tubes (BD) with buffered sodium citrate 
and stored at 4’C. 

Male and female SPF Swiss-Webster mice weighing 
20-25 g were purchased from Hilltop Lab Animals and 

also kept in an animal room with food and water pro- 
vided ad libitum and on a 12-hr light/dark cycle. Day 0 
of gestation in females was determined by the presence 
of vaginal plugs in the morning following a night of co- 
habitation with male mice. Body weight gains and ab- 
dominal palpitation were used to confirm the pregnan- 
cies of vaginal plug-positive animals. Pregnant females 
were exposed to 14C MIC at Days 8-10 ofgestation. 

Carotid Artery Cannulation 

Several guinea pigs were exposed (see below) following 
implantation of a carotid cannula which permitted blood 
samples to be obtained during and following exposure. 
These were prepared as follows. A 26-cm length of PE 10 
Intramedic polyethlene tubing was used. The PE tubing 
was passed through a l-mm hole of a plastic hub (the 
removable piece from a new plastic syringe) and one end 
was attached by a 30-gauge needle to a l-ml syringe con- 
taining heparinized (1 unit/ml) Lactated Ringers solu- 
tion (Abbott Laboratories). This length permitted the 
cannula to be fixed on the neck of the animal and to pass 
through a port of the exposure chamber (see Fig. 2) for 
blood sampling during exposure. The cannula was im- 
planted following anesthesia with injection of both Ace- 
promazine maleate (10 mg/ml, Aveco Co., Fort Dodge, 
IA) and Ketamine HCl(lO0 mg/ml, Parke Davis, Morris 
Plains, NJ) at a dose of 0.08 ml/100 g of body weight 
given sc. An SC injection of 2% Lidocaine HCl(20 mp/ 
ml, Astra Pharmaceutical, Worcester, MA) was given in 
both the nape and the ventral midline of the neck to sup- 
plement the general anesthetics. Approximately 0.1 ml 
was used at each site. The animals were then shaved 
around the front and back areas of the neck. A lo-mm 
incision was made on the dorsal side of the animal near 
the left nape area, and a 15-mm incision was made in the 
ventral midline of the neck. The unattached end of the 
PE tubing, filled with Lactated Ringers solution, was 
then pulled under the skin from the dorsal side to the 
ventral side and looped to the right midline to prevent 
blocking by an unusual angle. The right common carotid 
artery was then located and lifted by a 20-mm length of 
paper support covered with latex dental dam. Two 4-O 
silk threads (120 mm in length) were also placed under 
the artery; one above and one below the support. The top 
silk thread was loosely tied around the PE tubing and the 
artery, anchoring the PE tubing to prevent it from sliding 
inside the neck. A minute incision was then made with 
the tip of a fine pair of scissors and the PE tubing was 
pushed through this opening into the artery. A small drop 
of Superghte was then placed on the artery just behind 
the cannula and the tubing was pressed against the out- 
side of the artery; this closed the incision and glued the 
cannula to the artery. Lactated Ringers solution was then 
injected to push the blood into the artery and to check 
the patency of the cannula. The second thread was then 
loosely tied around the tubing and the artery near the 
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FIG. 2. System for exposure of guinea pigs and mice to 14C MIC. For analysis ofexposure concentrations 
samples were taken in succession from the guinea pig exposure chambers as well as from the mice exposure 
chambers when used. Modified from Alarie et al. (1987). 

incision to hold the two together but not tight enough to 
obstruct blood from flowing past the cannula. The pa- 
per-latex support was then removed and the cannula 
loop was pushed inside the neck pocket. The ventral inci- 
sion was sutured and the animal turned over. The plastic 
hub was glued (Super-glue) under the skin of the nape to 
prevent crimping of the cannula as the animals moved 
in their cage. Following this procedure it was ascertained 
that the cannula was working properly, the syringe was 
removed, and the end of the tubing was blocked with 
clay. The tubing was then looped and taped near the plas- 
tic hub so that the animal could not pull it. Each animal 
was placed in a separate cage and used for exposure 1 or 
2 days following the procedure. 

Tracheostomy, Arterial and Venous Cannulus 

This procedure was used with only two guinea pigs and 
both were exposed while still anesthetized. Following an- 
esthesia, as given above, an incision was made in the ven- 
tral midline of the neck. The trachea was isolated and an 
incision made. A &mm length of PE 350 tubing was 
inserted and anchored. The right common carotid artery 
was then located and fitted with a PE 10 tubing as de- 
scribed above but without passing it first through the dor- 
sal side. The right exterior jugular vein was also cannu- 
lated in a similar manner using PE-50 tubing and insert- 
ing it to reach the superior vena cava to obtain mixed 
venous blood. The cannula was attached to a 23-gauge 
needle and a 1 -ml syringe. Both arterial and venous can- 

nulas were passed through a plastic syringe hub which 
was then glued (Superglue) to the adjacent skin. The tra- 
cheal cannula was then slightly elevated with a small 
piece of gauze to place it out ofthe animal fur. Thus fitted 
and still under anesthesia, each animal was placed on its 
back in a glass chamber (see Fig. 2) and the exposure to 
14C MIC was carried out for 1 hr while the animal re- 
mained anesthetized. 

Exposure System 

Four series of experiments were performed using an 
exposure system similar to that described by Alarie et al. 
(1987) with modifications as shown in Fig. 2. For each 
series the system was designed to maximize the use of 
available t4C MIC and to accommodate the number of 
animals involved. Except for chamber contigurations, 
the exposure system was kept uniform throughout. The 
designated chambers were placed in line between the out- 
let of the central chamber and the Ascarite traps which 
were used to retain all of the MIC vapor passing through 
the system. To generate the 14C MIC vapor, a lOO-ml 
glass syringe tilled with dry nitrogen was mounted on a 
Harvard apparatus infusion pump and connected to the 
14C MIC vial maintained in an ice bath as shown in Figs. 
1 and 2. To initiate the experiments, the glass septum of 
the vial was broken with a sturdy needle following pierc- 
ing of the rubber septum. A 22 gauge X 50 mm steel nee- 
dle was passed through the Tefloncoated rubber septum 
and attached to the IOO-ml syringe via a 130-mm Teflon 



UPTAKE OF METHYL ISGCYANATE 107 

TABLE 1 

SER~E~I:EXPOSURESOFGUINEAPIGSWITHORW~THOUTCAROT~DARTERY CANNULA 
AND MICE TO i4CH3NC0 FOR 1 hr 

Time (from start 
of exposure) 

Cannulated Average of euthanasia 
(C) or Times (from start of exposure) at which blood exposure and terminal 

noncannulated samples were taken during I-hr exposure concentration blood sample 
Animal no. (NC) to i4C MIC (hr) (ppm) (hr) 

Male guinea 
Pigs 

89 
91 
92 
94 
91 
98 
99 
100 
101 

Swiss-Webster 
mice 

Male 
0 1 
0 2 
0 3 
0 4 
0 5 
0 6 
0 7 
0 8 

Pregnant 
females 

0 1 
0 2 
0 3’ 
0 4 
0 5 
0 6 

Althymic 
nude 
mice 

0 1 
0 2 

C 0 0.48 5.02 2.75 
C 0 0.33 1.28 5.02 18.00” 
C 0 0.15 0.82 1.17 1.93 3.05 4.48 5.00 5.57 5.02 5.57 
C 0 0.10 0.65 1.07 1.52 2.57 3.60 5.02 3.62 
NC 0 2.10 1.686 
NC 0 2.10 48.0 
NC 0 2.10 2.17 
NC 0 2.10 1.72 
NC 0 2.10 168.00 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

No. blood samples were taken prior to or during 
the exposure 

2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 

2.10 
2.10 
2.10 
2.10 
2.10 
2.10 

2.10 
2.10 

1.50 
1.75 
2.00 
2.25 

23.00 
23.25 
23.50 
23.75 

NC 
NC 
NC 
NC 
NC 
NC 

2.50 
2.75 
3.00 

24.00 
24.25 
24.50 

NC 
NC 

1.17 
1.33 

a Animal died 18 hr postexposure at which time blood was obtained and autopsy performed. 
b Whole animal was frozen in liquid nitrogen, no blood was taken. 
’ Found nonpregnant at autopsy. 

tube for delivery of dry nitrogen to the vial. Delivery rates liver the MIC vapor to the exposure system. Cold MIC 
of dry nitrogen varied between 0.028 and 14 ml/min de- was used to determine the syringe pump settings and ex- 
pending on the exposure condition desired. A 20 gauge haust airflow rates required to provide the target concen- 
X 150 mm steel needle also penetrated the septum to de- tration prior to animal exposure. Gas chromatographic 
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TABLE 2 

SERIES I1 AND III: EXPOSURES OF GUINEA PUGS FITTED WITH CAROTID ARTERY CANNULA 
TO i4CHsNC0 FOR 1,2, or 6 hr 

Time (from start 
Average of exposure) of 
exposure Duration of euthanasia and 

Times (from start of exposure) at which blood concentration exposure terminal blood 
Animal no. samples were taken (hr) (ppm) (hr) sample (hr) 

Series II 

Male guinea 
Pigs 

1056 0 0.05 0.73 1.97 4.53 5.93 0.47 6 70.00 
106’ 0 0.17 0.83 2.17 3.43 4.98 0.47 6 29.60 
107” 0 0.27 1.00 2.22 3.22 4.22 5.22 0.47 1 5.75 
108’ 0 0.47 1 1.30 
1096 0 0.32 1.22 2.43 0.47 6 6.28 
lllb 0 0.47 6 7.23 
112b 0 0.50 1.45 2.73 3.97 0.47 6 11.30 
1136 0 0.67 1.72 2.98 5.50 0.47 6 21.73 

114’ 
115’ 

Series III 

t = 0 0.05 0.17 0.33 0.67 1.0 1.5 1.97 2.50 2.98 3.15 15.2 1 4.58 
t = 0 0.10 0.25 0.50 1.25 15.2 2 2.37 

,J Animals exposed to 14C MIC vapor for 1 hr. 
b Animals exposed to 14C MIC vapor for 6 hr. 
c Animals exposed to 14C MIC vapor for 2 hr. 

analysis of MIC and i4C MIC to determine chamber con- 
centrations was conducted as described previously (Fer- 
guson et al., 1986). Air samples were taken from the glass 
chambers at l-min intervals using a l-ml gas-tight sy- 
ringe for injection into the GC. Alternate chambers were 
sequentially sampled to monitor exposure concentra- 
tions. For all series of experiments, the individual guinea 
pig chambers were ventilated at a rate of 1.8 liter/min 
and the airflow in the primary chamber varied between 
4 and 54 liters/min depending upon the concentration 
required. As an additional quantitation of the actual 
chamber concentrations, air samples were withdrawn 
and trapped in a nitroreagent (pnitrobenzyl-N-n-pro- 
pylamine hydrochloride) trapping solution. Using a sep- 
arate pump, a 3-liter air sample was withdrawn into two 
serial impingers at a rate of 1 liter/min. Each impinger 
was filled with 10 ml of the trapping solution which was 
prepared following the procedure of Schroeder and 
Moore (1985). Immediately following air sample collec- 
tion, a 100~pl aliquot of the solution from each impinger 
was taken and placed in Scintiverse. Bio HP cocktail for 
liquid scintillation analysis. 

Exposure Series 

Series Z. For this series, four cannulated guinea pigs 
placed in individual glass chambers and five noncannu- 

lated guinea pigs placed in a glass aquarium (Fig. 2) were 
used. In addition, six pregnant female Swiss-Webster 
mice and two female nude mice were placed in the first 
l-liter glass chamber while eight male Swiss-Webster 
mice of the same strain were exposed in the second l- 
liter glass chamber. The exposure lasted 1 hr. The con- 
centration as determined by gas chromatography aver- 
aged 5.02 ppm (n = 30, SD = 1.25) during the first 50 
min, declining slowly to zero from min 50 to min 60 as 
the labeled MIC in the first vial was exhausted. The expo- 
sure concentration in the aquarium and the mice expo- 
sure chambers averaged 2.1 ppm (n = 30, SD = 0.63). 
Arterial blood samples were collected during the expo- 
sure from alternate cannulated animals. Collection for 
this series began with a 3-min time point and continued 
at approximately lO-min intervals. Blood samples were 
placed directly into Vacutainer tubes and were treated 
identically to the preexposure samples. The details of 
blood collection and times at which euthanasia was per- 
formed are given in Table 1. 

Series ZZ. For this series the exposure system shown in 
Fig. 2 was altered by removing the 19-liter glass aquar- 
ium and the mice exposure. chambers. Also, two addi- 
tional individual guinea pig exposure chambers were at- 
tached to each sidearm of the primary chamber. This en- 
abled exposure of eight guinea pigs fitted with a carotid 
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artery cannula. Air samples were taken as in Series I and 
the exposure concentration averaged 0.47 ppm (n = 180, 
SD = 0.19). After 1 hr of exposure, two exposure cham- 
bers were disconnected and euthanasia of one animal 
was obtained with 2 ml of sodium pentobarbital(50 ms/ 
ml). Hourly blood samples were obtained from the sec- 
ond animal up to 4 hr postexposure prior to euthanasia at 
4.5 hr postexposure. The remaining six guinea pigs were 
exposed for another 5 hr. Arterial blood samples (0.3 ml) 
collected every 10 min from alternate guinea pigs during 
the first hour of exposure were then taken every 15 min 
during the next 2 hr of exposure and every 30 min during 
the last 3 hr of exposure. Blood samples were then col- 
lected periodically until euthanasia, obtained at various 
postexposure periods as given in Table 2. 

Series III. For this series, only two guinea pigs, both 
fitted with a carotid artery cannula, were exposed for 1 or 
2 hr by the attachment of two individual glass exposure 
chambers to the primary chamber shown in Fig. 2. Air 
samples were taken to ascertain the exposure concentra- 
tion which averaged 15.2 ppm (n = 115, SD = 1.90). Ar- 
terial blood samples (0.3 ml) were collected once every 5 
min (from alternate animals) during the first 20 min and 
once every 10 min thereafter until 1 hr. Times of eutha- 
nasia and further blood sampling following exposure are 
given in Table 2. 

Series IV. Two guinea pigs prepared with tracheal can- 
nula and arterial and venous cannulas as given above 
were exposed while still under anesthesia in individual 
glass chambers attached to the primary chamber as given 
in Fig. 2. The duration of exposure was 1 hr in each case. 
The first animal was exposed to an average of 3.1 ppm (n 
= 60, SD = 0.4 I), and the second animal was exposed to 
an average of 0.55 ppm (n = 60, SD = 0.16). In the sec- 
ond animal, venous blood could not be collected, only 
arterial blood was obtained. For the first animal simulta- 
neous arterial and venous blood samples (0.3 ml) were 
obtained every 10 to 15 min. Further details are given in 
Table 3. 

Analysis of’“C Uptake into the Bloodstream 

Aliquots of 100 ~1 were taken from each blood sample 
and these were suspended in Scintiverse Bio HP and 
counted. An additional 100 pl was removed and placed 
in a glass vial for complete solubilization. To each of the 
vials, 1.2 ml of NCS tissue solubilizer (Amersham) was 
added and the suspension was heated at 50°C for 20 min. 
Twenty percent benzoyl peroxide decolorizing solution 
(0.2 ml) was mixed in the vial and incubated at 50” for an 
additional 30 min. After cooling to room temperature, 
organic scintillant (toluene, 2,5-diphenyloxazole, and 
1,4-bis 2-(5-phenyloxazolyl) benzene) was added to bring 
the final volume in the vial to 20 ml. The samples were 
then counted and total radioactivity was calculated on a 
cpm per milliliter basis. The remaining portion of whole 
blood was spun at 478g for 15 min. Plasma was separated 
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FIG. 3. 14C uptake in blood during and following exposure of guinea pigs at different concentrations of 
i4C MIC. The data points during each exposure were used to calculate the uptake using linear least-squares 
regression analysis. The uptake equations are given in Table 8. The bottom right panel illustrates the 
difference in uptake between a normal guinea pig and a guinea pig fitted with a tracheal cannula exposed 
to comparable ‘% MIC concentrations. 

from cellular components and was stored at -2o’C. Cel- 
lular pellets were stored at 4’C to avoid freeze fracturing. 

Collection of Terminal Blood, Body Fluids, and Tissue 
Samples 

For every series, each animal was terminated at a desig- 
nated postcxposure time as shown in Tables 1 to 3. Once 
removed from the chamber, the animal was injected with 
2 ml sodium pentobarbital(50 mg/mI). The animal was 
then dipped in warm soapy water to decrease the amount 
of radioactive fur contamination. Terminal blood sam- 
ples were collected via cardiac punctures and the blood 
was immediately mixed in a Vacutainer tube with antico- 
agulant and treated identically to those previously de- 
scribed. Four of the exposed animals (two from Series I 
and two from Series II) were taken for lung lavage with a 
total of 30 ml of Hanks’ Balanced Buffered Salt Solution 

(GIBCO) which was delivered intratracheally as lo-ml 
washes. Bile was collected by puncturing the gall bladder 
with a 22-gauge needle attached to a syringe and sim- 
ilarly, urine samples were collected directly from the 
bladder. All body fluids were stored at -2o’C after the 
removal of cellular portions by low speed centrifugation. 
Each major organ was dissected from all of the exposed 
animals as welI as four control animals. For unpaired or- 
gans equal sections were taken; one was immediately fro- 
zen in liquid nitrogen and stored at -7O’C for biochemi- 
cal analysis and the other portion was immersed in 10% 
buffered formalin for histological studies. Paired organs 
were separated and treat& similarly. 

Creatinine Assay for Urine Standardization 

Two lO-~1 aliquots of each urine sample were diluted 
to 100 pl with HPLC grade water and the amount of cre- 
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FIG. 4. 14C uptake in arterial or venous blood during 

and following exposure to 14C MIC. The data points dur- 
ing exposure were used to calculate the uptake using lin- 
ear least-squares regression analysis. The uptake 
equations are given in Table 8. 14C in venous blood was 
always lower than in arterial blood (samples taken simul- 
taneously) during exposure. 

atinine was quantitated with a standard creatinine assay 
kit (Sigma). Experimental values were evaluated vs a 
standard calibration curve. 

Tissue Solubilization 

A representative fragment was cut from each major or- 
gan and weighed. The fragment was transferred to a glass 
scintillation vial. NCS solubilizer (Amersham) was 
added to a volume six times the total sample weight and 
was incubated at WC for 24 hr. Samples were cooled 
and acidified to pH 7 with glacial acetic acid. In some 

samples decolorization with benzoyl peroxide was neces- 
sary. Organic scintillant was added (see above) and the 
samples were counted. 

RESULTS 

Four separate exposure series were com- 
pleted with various concentrations of 14C 
MIC. Tables 1 to 3 summarize each experi- 
ment and the individual animals involved. 

Determination of Specijk Activity in Expo- 
sure Chamber 

Samples of exposure atmospheres were 
taken, as described under Methods, for the 
analysis of the specific activity in the cham- 
bers during exposure Series I, II, and III. 
Using the cpms recovered and the original 
specific activity of the synthesized com- 
pound (8.78 mCi/mmol Series I, 8.0 mCi/ 
mmol Series II and III), the concentration 
of the compound was determined in parts 
per million (ppm). The results of these cal- 
culations and the comparison with the GC 
analysis values for the same sampling times 
revealed a difference of 10% or less between 
exposure concentrations on the basis of 
cpm vs the GC values. Therefore exposure 
was only to MIC and not to possible prod- 
ucts of MIC. 

TABLE 4 

RADIOACTIVITY OF BODY FLUIDS IN GUINEA PIGS AFTER 1 hr EXPOSURE TO 5 ppm “CH3NC0 (SERIES 1) 

Animal no. 
Time” 

UN 
Blood 

hWm1) 
Bile 

(cpm/ml) 
Urine 

(cpm/mg creatinine) 
Urine 

(cpm/ml) 

100 1.72 202,040 -b 4,573 256,072 

99 2.17 133,912 -6 4,871 155,858 
89 2.75 237,597 32,121 12,389 1,635,332 
94 3.62 320,04 1 735,720 9,711 971,120 

92 5.57 244,302 521,566 6,871 43,884 
91 18 55,486 173,526 -b -b 
98 48 17,944 23,996 -b -b 

101 168 10,517 35,332 130 9,718 

’ Time of euthanasia given from the beginning of the I-hr exposure. 
b Insufficient amount for analysis. 
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TABLE 5 

RADIACTIVITY OF BODY FLUIDS IN GUINEA PIGS AFTER 1 hr EXFWJJRE TO 0.47 ppm 14CH3NC0 (SERIES II) 

Animal no. 
Time” 

(hr) 
Blood 

(cpm/ml) 
Bile 

(w-n/ml) 
Urine 

(cpm/mg creatinine) 
Urine 

(cpm/ml) 

108 1.3 89,375 12,760 2,287 99,4 11 
107 5.75 24,57 1 3,012 749 10,694 

’ Time of euthanasia given from the beginning of the 1 -hr exposure. 

Uptake of 14C in the Bloodstream 

Two separate aliquots of each blood sam- 
ple were taken and one was analyzed directly 
in Scintiverse while the other aliquot was di- 
gested before scintillation analysis. Both 
treatments yielded the same general profile of 
radioactive uptake, but in all cases the values 
for digested samples were higher on a cpm per 
milliliter basis. This result suggests that the 
cellular component contributed to the in- 
crease and all the results presented here are 
the digested sample values. 

The uptake and clearance of 14C in blood 
during and following exposures to 14MIC for 
all exposure series are shown in Figs. 3 and 
4 and Tables 4-7. For all exposures 14C was 
detected in arterial or venous blood within 
minutes. For each series of experiment, the 
data points for 14C in blood, during exposure, 
were used for regression analysis using the 
linear least-squares method (Ostle, 1963). 
The regression line is presented for each series 

of experiment (Figs. 3 and 4) and the calcu- 
lated uptake equations for each are given in 
Table 8. The clearance rate of i4C from blood 
could not be calculated as for the uptake rate 
because of fewer data points available. How- 
ever the data shown in Figs. 3 and 4 and Ta- 
bles 4-7 indicate that most of the 14C was 
cleared within 72 hr. 

Uptake of 14C in Other Body Fluids 

The results for 14C in urine and bile ob- 
tained following exposure for each series of 
experiments are presented in Tables 4-7. The 
data indicate that large amounts of i4C were 
present in both bile and urine, with counts 
diminishing more rapidly from urine than 
from bile. 

Distribution of 14C in Tissues of Exposed 
Animals 

14C was detected in all examined tissues of 
mice and the results are shown in Figs. 5 and 

TABLE 6 

RADIOACTIVITY OF BODY FLUIDS IN GUINEA PIGS AFTER 6 hr EXPOSURE TO 0.47 ppm “CH3NC0 (SERIES II) 

Time“ Blood Bile 
Animal no. (hr) @pm/W (cpm/ml) 

109 6.28 199,049 39,184 
111 7.23 161,978 39,137 
112 11.3 204,137 35,766 
113 21.87 110,909 16,274 
106 27.6 81,842 9,288 
105 70 9,401 2,788 

d Time of euthanasia given from the beginning of the 6-hr exposure. 

Urine Urine 
(cpm/mg creatinine) kxWm1) 

15,788 1,562,226 
13,775 715,672 
5,475 263,030 
3,094 48,08 I 
2,348 95,206 

596 33,491 
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TABLE I 

RADIOACTIVITY OF BODY FLUIDS IN GUINEA FIGS AVER EXPOSURE TO IS.2 ppm 14CH3NC0 (SERIES III) 

Animal no. 
Time” 

(W 

Duration of 
exposure 

(hr) 
Blood 

(cpdml) 
Bile 

(cpm/ml) 
Urine 

(cpm/mg creatinine) 
Urine 

(cpm/mU 

115 2.36 2 881,508 25,456 5967 2 16,665 
114 4.58 1 300,699 36,936 7304 286,913 

’ Time of euthanasia given from the beginning of the I-hr exposure. 

6. The high counts and variation obtained in 
the uteri and fetuses of female mice at 24 hr 
postexposure occurred because of a high 
value in a single dam. Upon euthanasia it was 
discovered that the gestational age of the fe- 
tuses of this mouse was 12- 14 days instead of 
8-10 days. The increased vascularization of 
the uterus and development of the placenta 
at this stage of pregnancy may account for the 
higher counts obtained. 

DISCUSSION 

utes from the start of exposure. A linear up- 
take was observed for all series including the 
tracheostomy experiments. These findings 
are similar to those reported with NOz 
(Goldstein et al., 1977) and SO2 (Balchum et 
al., 1960; Frank et al., 1967). Some uptake 
of 14C following exposure occurred in some 
experiments. This may indicate that 14C MIC 
was conjugated to proteins or peptides and 
thus, these accumulated conjugates contin- 
ued to be cleared into blood after exposure 
was terminated. Again, this is similar to the 
findings reported for NO* (Goldstein et al., 
1977). 

Several investigators have published data It is of interest to note that uptake into 
on uptake, distribution or retention of a vari- blood was not constant for the different expo- 
ety of reactive gases such as formaldehyde 
(Heck et al., 1985, 1983), phosgene (Slade et 

sure concentrations of 0.47,5.0, and 15 ppm 
as shown in Table 8. Since MIC is a potent 

al., 1983), methylphosphonic difluoride sensory and pulmonary irritant which 
(Dahl and Bechtold, 1985), sulfur dioxide changed the breathing pattern of the animals 
(Balchum et al., 1959, 1960; Frank et al., (Ferguson et al., 1986; Alarie et al., 1987, and 
1967, 1969), ruthenium tetroxide vapor see Table 8) this may be a contributing factor. 
(Snipes, 1981), hydrogen fluoride (Morris However, what may be more important is 
and Frank, 1982), toluene diisocyanate (Hill, that nasal secretions were seen to increase 
1986), ozone (Wiester et al., 1987), and nitric and are quite noticeable in animals exposed 
oxide (Yoshida and Kasema 1987; Oda et al., to 5 ppm and above. This was also observed 
1975). Of these studies, uptake in arterial in rats, but in this species a blood-tinged 
blood during exposure was obtained only for frothy discharge was also seen (Gupta et al., 
sulfur dioxide (Balchum et al., 1960; Frank 1987). This factor, and most probably an in- 
et al., 1967) which was reported to appear in crease in tracheal and bronchial secretions as 
blood (measured as 35S) within 5 min of expo- well, would favor trapping of MIC, prevent- 
sure and for nitrogen dioxide which also ap- ing its absorption into blood from the sur- 
peared in blood (measured as i3N) within faces of the respiratory tract and favoring 
minutes from the start of exposure (Goldstein clearance of MIC trapped in those secretions 
et al., 1977). via the oral route. 

In our study with 14MIC, 14C was detected 
in blood, arterial, and venous, within min- 

Another possibility is that with higher ex- 
posure concentrations, despite increase in se- 
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FIG. 5. JDistribution of 14C in the organs and blood of 
male Swiss-Webster mice at 2 and 24 hr following a 6-hr 
exposure to 2.10 ppm 14MIC vapor (Series I). The bar 
graphs represent the mean cpm per gram of wet tissue 
with standard deviations for R = 4 mice at each time 
point. 

cretions, the upper respiratory tract may have 
been saturated with MIC. This would favor 
penetration into the deeper regions of the res- 
piratory tract where less retention and ab- 
sorption occurred. However, because of the 
high reactivity of MIC with water and pro- 
teins, this is less likely. However, actual mea- 
surements are needed to resolve this issue. 

Nevertheless, a large amount of 14C found 
in blood must have come from absorption on 
the nasal mucosa and upper respiratory tract 
since the uptake in blood in animals exposed 
via a tracheal cannula was much lower than 
in normal animals exposed at the same con- 
centration. MIC has been shown to cause ex- 
tensive damage at the nasal level (Uraih et al., 
1987) and thus retention, followed by absorp- 
tion, at this site is expected. 

These findings are similar to the results ob- 
tained for HF, another highly reactive chemi- 
cal retained by the upper respiratory tract in 
rats. Morris and Frank (1982) concluded that 
HF deposited in the upper respiratory tract 
was of sufficient magnitude to account for 
plasma fluoride levels in rats after exposure 
to HF. 

Anesthesia of those animals fitted with a 
tracheal cannula resulted in 50-55% decrease 
in their normal respiratory frequency, but no 
change in their tidal volume, and thus must 

have contributed to the lower uptake in 
blood. However, this effect is too small to ex- 
plain a factor of 10 found in blood uptake of 
14C between the two sets of animals. In con- 
trast to the normal animals, the uptake rate 
in animals fitted with a tracheal cannula was 
similar at the two concentrations used, 0.5 
and 3 ppm, thus reinforcing our above sug- 
gestion that uptake in blood from the nasal 
mucosa was probably greatly influenced by 
the increase in nasal secretions. This effec- 
tively decreased the amount reaching the 
blood when uptake was expressed in cpm per 
milliliter per minute per ppm exposure con- 
centration (Table 8). In order to resolve this 
issue, accurate measurements of nasal secre- 
tions would be needed. Also, measurements 
of nasal retention and fraction of MIC depos- 
ited (or retained) with each breath are 
needed. This is possible using techniques de- 
scribed by Morris and Cavanagh (1986) and 
Wiester et al. (1987) such that uptake in 
blood could then be correlated with fractions 
retained with each breath. Nevertheless, our 
study shows that rapid uptake of 14C occurred 
in blood upon exposure to 14MIC and that 
this uptake was much higher in normal ani- 
mals than in those breathing via a tracheal 

FIG. 6. Distribution of 14C in the organs and blood of 
pregnant female Swiss-Webster mice at 2 and 24 hr fol- 
lowing a 6-hr exposure 2.10 ppm i4MIC vapor (Series I). 
The bar graphs represent the mean cpm per gram of wet 
tissue with standard deviations for n = 3 mice at each 
time point. Values for the fetuses and placentas represent 
the mean counts for n = 31 and n = 36 at 2 and 24 hr 
postexposure, respectively. 
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cannula. In the animal exposed via tracheal 
cannula and with simultaneous sampling of 
arterial and venous blood, cpm in arterial 
blood was always higher than in venous 
blood, thus showing a net uptake in arterial 
blood from the lungs. 

This raises a question about the form of 14C 
found in blood. Due to the high reactivity of 
isocyanates with SH, NH2, OH, and COOH 
groups (Brown et al., 1987) it is likely that 
most of the 14C found in blood was not 14C 
MIC. The conjugated form of MIC in blood 
would be important in terms of explaining 
systemic toxicity found on a variety of target 
organs other than the lungs (Conner et al., 
1987; Varma et al., 1987; Kligerman et al., 
1987; Tice et al., 1987). For example, Brugge- 
man et al. (1986) have shown that in the case 
of ally1 isothiocyanate conjugation to glu- 
thathione is rapid and reversible. Thus gluta- 
thione could act to transport and release MIC 
to a variety of target cells since the reaction of 
isocyanate with SH groups is also reversible 
(Brown et al., 1987). The amount of glutathi- 
one recovered from lung lavage has been 
shown to be very large (Cantin et al., 1987) 
and thus it, along with other potential plasma 
conjugates, should be primary targets of fu- 
ture investigations. 

The exposure system presented here per- 
mitted us to work with a highly toxic and re- 
active vapor and work with a small amount 
of expensive radiolabel. In comparison to the 
large volume of data on uptake in blood 
of nonreactive vapors (for examples see 
Fiserova-Bergerova, 1983) we have few ex- 
amples of uptake in blood of reactive vapors, 
as noted above. A most interesting finding 
with MIC was that uptake cannot be pre- 
dicted by using a single exposure concentra- 
tion because of its irritating action on the res- 
piratory tract and because of the important 
role played by the upper respiratory tract. Be- 
cause of these factors we are unable to arrive 
at general rules of exposure concentration- 
uptake in blood relationships as determined 
for nonreactive vapors (Fiserova-Bergerova, 
1983). The role played by the upper respira- 
tory tract in the uptake of MIC will also create 

more difficulties in extrapolation of results to 
humans breathing via the mouth. Neverthe- 
less, a better understanding of uptake of reac- 
tive vapors in blood is needed and can be 
gained with the system described. 
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