
verted to a polypeptide identical in size 
to the mature subunit (denoted OTC); a 
small portion was found as  an intermedi- 
ate-sized species (iOTC) whose precise 
physiologic significance remains unclear 
(3-6). When pOTC's programmed by 
sp f"""~  RNA were processed, a far 
more complex pattern was observed 
(lane 4). Six distinct bands were noted, 
two each corresponding to mutant and 
normal pOTC's, iOTC's, and OTC's. 
These results were obtained with mito- 
chondria from either control or mutant 
mice. Both mature-sized OTC species 
were found in mitochondrial fractions 
prepared from [35S]methionine-labeled 
sp f""" i~  liver slices (not shown). 

Finally, we asked whether both ma- 
ture-sized OTC species observed with 
spf""hi~ RNA can be assembled to tri- 
meric form. After cell-free translation 
and mitochondrial processing, soluble 
products were applied to and eluted from 
a ligand affinity column (Fig. 3, legend) 
which, we have shown recently, binds 
only trimeric OTC composed of mature 
subunits (19). Significantly, only a single 
species was isolated from the spf""/y 
programmed mixture (Fig. 3 ,  lane 6), 
identical in mobility to  that noted for the 
control (lane 5). This result strengthens 
our earlier finding (Fig. 1)  that s p f " " ' / ~  
liver mitochondria contain only normal 
trimeric OTC. 

We believe that the simplest hypothe- 
sis which accounts for these novel find- 
ings in sp f""V~ mice is as follows. A 
mutation within the OTC structural gene 
creates an alternative intron-exon splice 
site similar to those observed for (3- 
globin (20) or ovomucoid (21); the aber- 
rant nuclear processing of pre-mRNA 
resulting therefrom leads to the forma- 
tion of two distinct and translatable 
mRNA's; each mRNA directs the syn- 
thesis of a specific pOTC-one normal in 
size, the other elongated; both pOTC's 
are imported and processed by mito- 
chondria but only the wild-type subunit 
is assembled to active trimeric enzyme. 
We cannot, however, exclude the possi- 
bility that the processed. mutant subunit 
undergoes assembly to homotrimeric, 
catalytically inactive enzyme that does 
not bind to the affinity ligand. Because 
we have recently succeeded in isolating a 
rat OTC complementary DNA (22), it 
should soon be possible to explore the 
mutation directly by analyzing mRNA 
and genomic DNA from spf""Vy mice. 
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Noninvasive Observations of Fluorinated Anesthetics in Rabbit 

Brain by Fluorine-19 Nuclear Magnetic Resonance 

Abstract. Fluorinated anesthetics were observed noninvasivelj> in the brain of 
intact rabbits with juorine-19 nuclear magnetic resonance spectroscopy. High- 
resolution fluorine-19 spectra of halothane, methoxj,Jlurane, and isoflurane were 
obtained with a surface coil centered over the calvarium. Elimination of halothane 
from the brain was also monitored by this technique. Residual fluorine-19 signals 
from halothane (or a metabolite) could be detected as long as 98 hours after 
termination of anesthesia. These observations demonstrate the feasibility of using 
this technique to study the fate offluorinated anesthetics in live mammals. 

It is generally believed that anesthesia 
is produced when an appropriate partial 
pressure of a volatile anesthetic agent is 
reached in the brain (1). Since only indi- 
rect methods have been available to 
study this phenomenon, information on 
the uptake and distribution of these 
agents in the brain has been extremely 
limited. Morever, there is no information 
on the environments anesthetics occupy 
in the brain or on their residence times in 
this organ. Fluorinated hydrocarbons 
and ethers are among the most common- 
ly used inhalation anesthetic agents. We 
used 19F nuclear magnetic resonance 
(NMR) spectroscopy to observe fluori- 
nated anesthetic agents in the brain of a 
live mammal and monitored its uptake 
and elimination. In this technique the ' 9 ~  

signals derived from the anesthetic mole- 
cule itself are used to detect its presence 
and to assess the environment in which 
the molecule resides. The approach is 
noninvasive, since "F nuclei of the anes- 
thetic molecule serve as the probe used 
to monitor the anesthetic-brain interac- 
tion. 

We followed the incorporation of three 
different anesthetic agents into the rabbit 
brain (2): halothane (CF3-CHBrCI), meth- 
oxyflurane (CHC12-CF2-0-CH3), and iso- 
flurane (CF3-CHCl-0-CF2H). New Zea- 
land White rabbits (3 to 4 kg) were 
subcutaneously injected with a combina- 
tion of ketamine and xylazine, intubated 
(3), and positioned in the bore of the 
magnet. Each anesthetic agent was de- 
livered with a "nonrebreathing" system 
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involving intermittent positive-pressure 
ventilation and an individual precision 
vaporizer. Fluorine- 19 spectra were ac- 
quired at  75.5 MHz by using a surface 
coil (4) on a spectrometer equipped with 
a 20-cm-bore superconducting magnet 
operating at 1.89 T .  The surface coil was 
centered on the head over the calvarium, 
the optimum position for detecting I9F 
signals from the brain. All chemical 
shifts were measured with respect to an 
external 1,2-dibromotetrafluoroethane 
standard. 

Characteristic I9F chemical shifts 
were observed for each of the anesthetic 
agents in the brain (Fig. 1). Halothane 

Fig. 1. Fluorine-19 NMR spectra of (A) halo- 
thane, (B) methoxyflurane, and (C) isoflu- 
rane. Three to five rabbits were studied for 
each anesthetic. Each animal was premedicat- 
ed with ketamine (50 mglkg) and xylazine (5 
mglkg), intubated, and positioned in the mag- 
net. Subsequently, the rabbit was connected 
to an anesthesia machine and a background 
spectrum was taken before administration of 
the inhalation agent (1 percent halothane for 
30 minutes, 1.5 percent methoxyflurane for 80 
minutes, or 1 percent isoflurane for 40 min- 
utes). Spectra were acquired on an Oxford 
Research Systems TMR-32 spectrometer with 
a surface coil (3.5 cm in diameter) placed on 
the frontal bones midway between the eyes. 
The following acquisition parameters were 
used: 5000-Hz sweep width, 0.41-second ac- 
quisition time, and 1200 transients; no proton 
decoupling was employed. The pulse widths 
used gave close to optimum signal-to-noise 
ratios per unit time. Standard resolution en- 
hancement and digital filtering techniques 
were used in the data processing. Chemical 
shifts are reported relative to an external 
standard of 2.5 percent C2Br2F4 in CHCI3 
(contained in a sealed 4-mm sphere) with 20.2 
ppm accuracy. 

and methoxyflurane each give a single 
resonance at - 14.9 and -24.8 ppm, re- 
spectively. Isoflurane exhibits two sig- 
nals, one at -16.1 ppm due to the tri- 
fluoromethyl group and the other at 
-22.4 ppm due to the difluoromethyl 
group. In the latter case ' H - ' ~ F  coupling 
on the order of 70 H z  is also observed. 
These chemical shifts reflect not only the 
chemical structure of the compound but 
also the microenvironment in which the 
fluorine nucleus resides (5). The ob- 
served signals were shifted downfield, 
relative to those of pure anesthetics, by 
1.0 ppm for halothane, 0.6 ppm for me- 
thoxyflurane, and 4.0 ppm for isoflurane. 
These are sizable shifts when compared 
to the shifts of 2.2 to  2.8 ppm observed 
for these compounds in different sol- 
vents. The relatively narrow lines (50 to 
70 Hz) observed for these anesthetics 
suggest that they possess a fair amount 
of mobility in the environments in which 
they reside. By comparing these obser- 
vations with spectra of the anesthetics in 
excised muscle and nerve (6) as well as  
in pure solvents (7), we conclude that the 
average environment of the anesthetic in 
the braid is not entirely lipophilic but 
has a polar character as  well. This is 
consistent with the observation that the 
anesthetic potencies of the compounds 
studied are well correlated with their 
octanol/water partition coefficients and 
poorly correlated with their alkaneiwater 
partition coefficients (8) .  

We also followed the time course of 
halothane elimination from the rabbit 
brain (Fig. 2). After 30 minutes of 1 
percent halothane anesthesia, adminis- 
tration of the anesthetic was stopped and 
the halothane concentration in the brain 
was monitored as this agent was re- 
moved from the body in the expired air. 
During the first 7 hours the halothane 
level declined to only 40 percent of the 
maximum value. Further decreases were 
observed after longer elapsed times: a t  
24 hours the level was 30 percent of the 
maximum value, and at 98 hours, 20 
percent. The I9F chemical shift of the 
halothane signal was constant through 
the first 7 hours of observation and sub- 
sequently showed a downfield shift of 
approximately 1 ppm. 

These results were confirmed by 
studying brain samples excised from ani- 
mals killed at intervals after halothane 
anesthesia was ended. The same trend in 
anesthetic concentration was observed. 
Furthermore, the downfield shift of 1 
ppm seen in the living animal was also 
observed in the brains of rabbits killed 9 
hours and longer after anesthesia. The 
presence of halothane in the excised 
tissues was verified by mass spectrome- 

try. The volatile halothane continues to 
evaporate from a tissue sample placed in 
the vacuum chamber of a mass spec- 
trometer for up to 48 hours after anesthe- 
sia. N o  halothane was found by this 
method after longer intervals, although 
its presence (or that of a metabolite) 
continued to be demonstrated in the tis- 
sue by the (shifted) 1 9 ~  signal. It has 
generally been assumed that halothane 
elimination from the brain would be 
complete within a few hours after admin- 
istration of this agent is discontinued. 
However, there have been no direct in 
vivo measurements of halothane levels 
in the brain over long periods of time. 
Thus this demonstration of the presence 
of a significant amount of halothane or  a 
halothane metabolite in brain tissue for 
as  long as  98 hours after anesthesia is a 
surprising result. 

0 - 10 -20 

ppm 

Fig. 2. Fluorine-19 NMR spectra of halothane 
in a rabbit brain (A) immediately after, (B) 7 
hours after. and (C) 98 hours after 30 minutes 
of exposure to 1 percent halothane. After 
administration of the inhalation agent was 
terminated, anesthesia was maintained with 
injections of ketamine and xylazine. Spectra 
were collected and processed under the same 
conditions described in the legend to Fig. 1. 
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From the chemical shift data, it can be 
concluded that the compound that sur- 
vives in the brain for a t  least 98 hours has 
retained the intact CF3 group of the 
halothane molecule. Furthermore, there 
is no major change in the brain environ- 
ment in which this molecule resides over 
this period. The long retention time sug- 
gests either the presence of a covalently 
bound halothane or  conversion to a less 
volatile metabolite. Either possibility 
would be consistent with our preliminary 
mass spectrometric data. At this time we 
are unable to assign a structure to the 
long-lived species in the brain, although 
the I9F NMR observation of a similar 
compound in blood, nerve, and muscle 
strongly suggests a nonvolatile species 
that can easily cross cell membranes. 

In conclusion, we  have directly ob- 
served the interaction of general anes- 
thetics with brain tissue in a live mam- 
mal. We showed that by using 1 9 ~  NMR 
spectroscopy, one can detect small con- 
centrations (100 to 500 KM)  of fluorinat- 
ed anesthetics in the brain during and 
after anesthesia. Spectra with good sig- 
nal-to-noise ratios were obtained at 2- 
minute intervals, so it should be possible 
to follow the time course of anesthetic 
uptake and elimination as well as to 
detect the appearance of fluorine-con- 
taining metabolites in various organs in 
vivo over relatively short periods. 
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Identification of the c-inyc Oncogene Product in 
Normal and Malignant B Cells 

Abstract. Antiserum to a synthetic peptide corresponding to the carhoxyl-terminus 
of the h~rman c-myc protein immcrnoprecipitated a 48,000-dalton protein from a 
number- of normal and  malignant lzcrrnat~ and  moLrJe cellii. The size of the protein is 
consistent ~ ' i t h  the potential coding region predicted fr-om the c-myc nucleotide 
sequence, and  is the Jame for malignant cells carrying either a rearranged or- an 
ut~rearranged c-myc oncogene. Because c-myc transcripts are  expressed a t  higher 
levels in malignant that1 in normal B cells, it appears that an increased level of the c- 
myc proteln rather that1 a change in the gene product is the relevant factor in 
determining transformation. 

The human cellular homolog (c-myc) 
of the avian MC-29 viral transforming 
gene is normally located on band q24 of 
chromosome 8 (1, 2). In Burkitt lympho- 
ma, the translocation involving chromo- 
somes 8 and 14 [t(8;14)] (3) brings the c- 
myc gene in close proximity with the 
immunoglobulin heavy chain locus on 
chromosome 14 (1). We have previously 
found that the translocated c-myc gene in 
Burkitt lymphomas is either not rear- 
ranged, or rearranged head to head with 
the immunoglobulin constant region C, 
gene (1, 4). 

The c-myc transcripts are expressed at 
higher levels in Burkitt lymphoma cells 
than in lymphoblastoid cells not carrying 
the translocation (5,  6). From further 
studies using somatic hybrids between 
mouse myeloma and Burkitt lymphoma 
cells carrying the chromosome with ei- 
ther the translocated or the untranslocat- 
ed c-myc gene, and Burkitt cell lines 
carrying rearranged and unrearranged c- 
myc genes, we concluded that only the 
translocated gene is expressed in Burkitt 
lymphoma cells (6, 7). In all the cases 
examined, the length of the c-myc tran- 
scripts was approximately 2.3 kb (5-7). 

In mouse plasmacytoma, the c-myc 
gene, which normally resides on chro- 
mosome 15, is translocated to  the 
immunoglobulin heavy chain locus on 
chromosome 12 (8, 9). Mouse plasma- 
cytomas in which the c-myc gene recom- 
bines with the C, gene express novel 1.9- 
to 2.1-kb myc transcripts that are 0.4 kb 
shorter than the normal cellular myc 
transcripts (8, 9). The levels of c-myc 
transcripts are also elevated in mouse 
plasmacytoma (8). 

The increased levels of c-myc tran- 
scripts in Burkitt lymphoma cells and 

mouse plasmacytomas suggest a possible 
role in transformation for the protein 
encoded by this oncogene. Therefore, 
we attempted to detect the c-myc prod- 
uct using antiserum to a synthetic pep- 
tide that corresponds to the carboxyl- 
terminus of the predicted protein (10, 
11). Figure 1 shows the structure of the 
synthetic peptide and the corresponding 
protein sequence of human c-myc (10, 
11). This peptide, prepared by the Merri- 
field solid-phase method (12), has 12 
amino acids, with a tyrosine residue add- 
ed at the amino end for coupling with the 
bovine serum albumin (BSA) carrier 
(13). 

Rabbits were injected with the pep- 
tide-BSA conjugate, and given booster 
injections at 2-week intervals. Blood was 
withdrawn after the fourth booster injec- 
tion. The antiserum thus obtained was 
assayed for the presence of antibodies to 
the myc gene product by immunoprecip- 
itation of [35S]methionine-labeled ex- 
tracts of Burkitt lymphoma cells and 
human cell lines positive for c-myc tran- 
scripts by Northern blot or S1 nuclease 
analysis (5-7). The precipitates were an- 
alyzed by sodium dodecyl sulfate (SDS)- 
polyacrylamide gels (14), with serum 
from nonimmunized rabbits  reim immune 
serum) being used as a control. Immu- 
noprecipitation inhibition experiments 
were carried out with antiserum that had 
been incubated with uncoupled peptide 
(10-~h4) to confirm that the amino acid 
sequence detected by the antibodies was 
the same as that of the peptide used for 
immunization. 

The antiserum to the terminal peptide 
precipitated a 48,000-dalton polypeptide 
from Daudi, P3HR1, and JD38 IV lym- 
phoma cells (Fig. 2A, lanes 2, 5, and 7, 
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