molecular weights of FVIII/vWf and he-
mophiliac material may be much less
than the upper limit given. Moreover,
there may not be any simple relation be-
tween the molecular weights of FVIIl/
vWTf and hemophiliac material of similar
dimensions. Hence, these results do not
necessarily conflict with the observation
that both hemophiliac FVIII and normal
FVIII have molecular weights of at least
1.2 million and behave similarly on gel
filtration (9). Thus, the primary dis-
tinction appears to be one of a different
quarternary structure for normal com-
pared to hemophiliac material. Some
corroboration of this might be indicated
by the difference between internal im-
ages of normal and hemophiliac material
on low-exposure microscopy. Whether
this difference, derived from concen-
trated purified FVIII/vWf in buffer, is
present in vivo cannot be ascertained. It
is not possible, at present, to derive fur-
ther information from the available data
without overinterpretation of essentially
morphological differences. We caution
that far greater numbers of normal and
abnormal plasmas, purified by different
techniques, must be examined before
significant differences may be claimed.
We suggest that the combination of tech-
niques used in our study should be useful
in the analysis of normal and disease
states associated with the FVIII/vWf
molecule.
HEeNrY K. TAN*
JupiTH C. ANDERSENT
Hematology Section, Clinical Pathology
Department, National Institutes of
Health, Bethesda, Maryland 20014
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Cigarette Smoke Activates Guanylate Cyclase and

Increases Guanosine 3',5’-Monophosphate in Tissues

Abstract. The gaseous phase of cigarette smoke induced a 2- to 36-fold increase in
the activity of guanylate cyclase in supernatant and particulate fractions from vari-
ous rat and bovine tissues over basal activity. The characteristics of this phenome-
non paralleled those of the activation of guanylate cyclase by nitric oxide, which is a

component of tobacco smoke.

Guanylate cyclase (E.C. 4.6.1.2), the
enzyme that catalyses the formation of
guanosine 3’,5’-monophosphate (cyclic
GMP) from guanosine triphosphate and
its product are incompletely understood.
Although the concentrations of guanyl-
ate cyclase and cyclic GMP are in-
creased in tumors and proliferating tis-
sues (1) and in tissues exposed to certain
smooth muscle relaxing agents, includ-
ing sodium nitroprusside and nitro-
glycerin (2), the physiological implica-
tions of these observations are unclear.
Compounds capable of forming nitroso
compounds, compounds containing ni-
troso groups (some of which are carcino-
genic), and nitric oxide (NO) gas are all
able to increase guanylate cyclase activi-
ty and cyclic GMP levels (2-4). The com-
mon mechanism for this activation is
thought to be the formation of NO ).

The gas phase of fresh cigarette smoke
contains NO but minimal amounts, if
any, of the higher oxides of nitrogen (5).
We report here that the gas phase of
cigarette smoke causes a 2- to 36-fold in-

Table 1. Effect of cigarette smoke vapor and
nitric oxide gas on cyclic GMP and cyclic
AMP concentrations in rat lung. Fresh rat
lung was placed in cold Krebs-Ringer solution
containing glucose (2 mg/ml) and 50 mM tris-
HCI, pH 7.6. Minced tissue (0.3 by 0.3 mm)
was prepared with a Mcllwain chopper and
placed in fresh Krebs-Ringer solution for 15
minutes. The minced tissue containing 2 to 5
mg of protein was then transferred to tubes
(15 by 85 mm) containing 1 ml of fresh medi-
um and incubated for 3 minutes. Some tubes
were exposed to 100 percent N, for 10 sec-
onds, some to 100 percent N,, 417 ul of NO,
and 100 percent N, for 10 seconds each, and
some to 98 percent cigarette smoke vapor
from brand D for 30 seconds. All tubes were
capped for the first 30 seconds to confine the
desired atmosphere. Reactions were termi-
nated with 0.5 ml of 18 percent trichloroacetic
acid. The supernatant fractions were extract-
ed and assayed for cyclic nucleotides ¢, 9).
All experiments were done in triplicate, and
the values are the means + standard error of
three determinations.

Cyclic nucleotides

Addition (pmole/mg protein)
GMP AMP
None 0.08 + 0.01 2.30 = 0.35
NO 6.38 + 0.73* 2.01 = 0.01
Smoke 1.06 = 0.17* 2.21 =0.02
*P < .02.

crease in the activity of guanylate cy-
clase in preparations of broken cells
from various rat and bovine tissues, and
increases cyclic GMP but not adenosine
3’,5’-monophosphate (cyclic AMP) in
minced rat lung. The characteristics of
this activation are similar, both qualita-
tively and quantitatively to those report-
ed for NO @) with respect to the extent
of activation, tissue specificity, and ac-
tivity in the presence of various com-
pounds that alter the activation of gua-
nylate cyclase by NO. Other workers
have demonstrated the induction of aryl
hydrocarbon hydroxylase in lung prepa-
rations by particulate components of
cigarette smoke (6). However, our ex-
periments suggest that NO is the com-
ponent of cigarette smoke vapor that ac-
tivates the guanylate cyclase.

Male Sprague-Dawley rats were de-
capitated, and the tissues, except as in-
dicated in Table 1, were processed as
described () to obtain supernatant and
particulate fractions (separated at
105,000¢). Bovine pulmonary structures
were obtained at a local abattoir and
were processed in the same way. Gua-
nylate cyclase and adenylate cyclase
(E.C. 4.6.1.1) activities were determined
as described 4) in 100-ul reaction mix-
tures containing enzyme, 1 mM guanosine
triphosphate or adenosine triphosphate,
4 mM MnCl,, 50 mM tris-HCl buffer
(pH 7.6), 10 mM theophylline, 15 mM
creatine phosphate, 20 wg of creatine
phosphokinase (E.C. 2.7.3.2; 120 to
130 unit/mg) and other compounds at
the concentrations indicated. Nitric
oxide gas (Matheson Gas Products) was
introduced 1 cm above some reaction
mixtures as reported previously ¢). Var-
ious brands of filter cigarettes were held
in a plastic pipette tip containing a loose-
ly packed, 40-mg glass wool plug. Smoke
was drawn from the cigarette through the
glass wool plug and Millipore AP 200
2500 glass fiber discs in order to elimi-
nate the particulate fraction of smoke.
The fresh gas phase of the smoke was in-
troduced 1 cm above the reaction mix-
ture contained in closed tubes (10 by 75
mm). The atmosphere in the tubes was
98 to 99 percent smoke vapor and 1 to 2
percent room air. The design of the sys-
tem for the delivery of smoke is similar
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in principle to the systems described by
others (7) except that smoke reservoirs,
that would have resulted in accelerated
NO oxidation, were not used. Oxides of
nitrogen were assayed in samples of
smoke (8). Cyclic nucleotides were de-
termined by the radioimmunoassay
method of Steiner et al. (9) as reported
previously ).

All cigarettes tested increased guanyl-
ate cyclase activity, with maximum acti-
vation occurring after 10 seconds of
smoke exposure (Fig. 1). Activity with
each of eight brands of cigarette corre-
lated with the NO concentration of the
smoke gas phase (r = 0.85, P < .01).
Nicotine (0.1 wM to 10 mM) had little or
no effect on guanylate cyclase activity.
Nitric oxide was neither removed by fil-
ters present on the cigarettes nor by our
smoke-delivering device. These filters
remove the particulate phase of smoke
and may remove acrolein, HCN, and
NO, vapors but not NO or CO, (10). Car-
bon monoxide (98 to 100 percent) in-
creased the guanylate cyclase activity in
crude preparations of lung and liver ho-
mogenates by two to three times, but had
no effect on partially purified super-
natant fractions. Thus, these effects of
CO were relatively small. Since the con-
centration of CO in cigarette smoke is
only several percent (/1) it probably had
little effect in our system.

Both the fresh gas phase of cigarette
smoke and NO significantly increased
cyclic GMP in lung minces without af-
fecting levels of cyclic AMP (Table 1).

Cigarette smoke increased guanylate
cyclase activity in supernatant and par-
ticulate fractions of a variety of tissues
as shown in Table 2. The degree of acti-
vation depended on the type of tissue,
and ranged from 2 to 36 times among the
different tissue preparations. This appar-
ent lack of tissue specificity parallels that
of NO and sodium nitroprusside «). The
characteristics of guanylate cyclase acti-
vation by NO and cigarette smoke gas
have several other similarities. First,
oxidizing agents [K;Fe(CN)g and methyl-
ene blue] inhibited stimulation both by
cigarette smoke and NO, whereas some
reducing agents (thiols and ascorbate) ei-
ther had no effect or enhanced the stimu-
lation by both agents (data not shown).
Second, the effect of cigarette smoke gas
was not additive to that of NO or sodium
nitroprusside (Table 3), suggesting that
cigarette smoke and these compounds
activate the enzyme by a similar mecha-
nism. These and other nitroso activating
agents alone or in combination produce
less stimulation when their maximally ef-
fective concentrations are exceeded ).
Third, native guanylate cyclase prefers
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those capable of releasing nitric oxide;
the NO activated enzyme can use either
cofactor equally well for the formation of
cyclic GMP and can also form cyclic

Mn?* as the sole cation cofactor with
Mg?* being about 10 percent as effective.
In contrast, this preference is abolished
in the presence of nitrocompounds or

Table 2. Effect of cigarette smoke on guanylate cyclase activity in various tissues. Supernatant
(S) and particulate (P) preparations of guanylate cyclase from rat tissues except where indicated
were assayed as described in the text. Some reaction mixtures were exposed to smoke from
brand D for 30 seconds prior to the addition of GTP and Mn?*, Results are means of two or three
determinations. The enzyme activity is expressed as picomoles of cyclic GMP formed per milli-
gram of protein per minute.

Tissue Frac- Guanylate cyclase activity
tion No smoke (A) Smoke (B) Ratioof Bto A
Heart S 21.2 330.9 15.6
Heart P 2.2 4.3 2.0
Lung S 217.4 2489.7 11.5
Lung P 59.2 260.3 4.4
Liver S 42.8 790.2 18.5
Liver P 6.5 31.1 4.8
Kidney S 125.5 2443.2 19.5
Kidney P 9.1 56.9 6.2
Cerebral cortex S 91.7 2057.3 22.4
Cerebral cortex P 19.3 294.2 15.2
Cerebellum S 56.6 2019.2 35.7
Cerebellum P 19.7 246.7 12.5
Bovine tracheal mucosa S 2.8 53.3 19.0

Table 3. Effect of cigarette smoke, NO, and sodium nitroprusside on guanylate cyclase activity
in the supernatant fraction (105,000g) of rat liver, determined. after exposure of the fraction to
the fresh gas phase from brand D cigarettes for 30 seconds. Values are means of two or three
determinations. :

Cyclic GMP

Concen- (pmole/mg protein/min)
Addition tration -
(mM) No smoke Smoke Ratio of
(A) (B) Bto A
None 32.4 802.4 24.8
NO 521.6 675.0 1.3
Sodium nitroprusside 0.1 61.0 488.9 8.0
Sodium nitroprusside 1.0 319.3 191.3 0.6

Fig. 1. The activation
of guanylate cyclase
by the fresh gas phase
of cigarette smoke.
Guanylate cyclase ac-
tivity in the 105,000g
supernatant fraction
of bovine lung was
determined as de-
scribed in the text af-
ter exposing the reac-
tion mixtures to ciga-
rette smoke for the
times indicated. Eight
different brands of
cigarettes are desig-
nated A through H.
Stimulation of guanyl-
ate cyclase after a 10-
second exposure cor-
related with NO con-
centration in the fil-
tered gas phase with
each brand of ciga-
rette (r = 0.850, P <
.01). Results are
means of three deter-
minations from a rep-
resentative  experi-
ment.

Guanylate cyclase activity
(nmole cyciic GMP/mg protein/min)

obi—1 L 1 1
0

5 10 30 60

Time of smoke exposure (sec)
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AMP from adenosine triphosphate (12).
Exposure of enzyme to the fresh gas
phase of cigarette smoke resulted in re-
sponses similar to these. That is, when
smoke was present, either Mn?* or Mg**
was effective as the sole cation cofactor.
Also guanylate cyclase from the super-
natant fraction of lung homogenates
catalyzed the formation of cyclic AMP
as well as cyclic GMP in the presence of
the appropriate nucleotide substrate and
4 mM Mn?* (56 and 818 pmole per milli-
gram of protein per minute, respective-
ly).

Our results thus suggest that the fresh
gas phase of cigarette smoke activates
guanylate cyclase and increases tissue
levels of cyclic GMP by a mechanism in-
volving the NO in cigarette smoke. How-
ever, we cannot rule out the contribution
of other nonfilterable components in the
gas phase of cigarette smoke to the stim-
ulation of guanylate cyclase.

In view of the emerging role of cyclic
GMP in tissue proliferation, and the re-
cent evidence suggesting that the tumori-
genic agents 1-methyl-1-nitrosourea and
nitrosamines activate guanylate cyclase
@3), it is possible that NO in cigarette
smoke may be in some way related to the
suspected carcinogenicity of cigarette
smoking. Furthermore, some of the ef-
fects of cigarette smoke on ciliary func-
tion and mucosal secretion in lung may
in part be attributable to cyclic nucle-
otide metabolism (/3).

WiLLiam P. ARNOLD
ROBERT ALDRED
FERID MURAD
Division of Clinical Pharmacology,
Department of Internal Medicine,
and Departments of Pharmacology
and Anesthesiology, University of
Virginia, Charlottesville 22903
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Free R:idical Increases in Cancer:
Evidence That There Is Not a Real Increase

Abstract. The controversialﬁnding of an increase in free radicals with the develop-

ment of cancer was restudied with Walker 256 carcinosarcoma cells. It was con-
firmed that such an increase appears to occur, but it was also demonstrated that it is
not a real increase. With growth of the tumor, the electron spin resonance lines for
lyophilized samples became narrower, resulting in an increase in peak-to-peak
height measurements, but there was no change in the total number of spins. The
signals for lyophilized tumor samples were different from those for the same samples
before lyophilization. Changes in line shape indicated that lyophilized tumor samples

contain a different mixture of radicals than lyophilized samples of normal tissue.

There have been conflicting reports on
the free radical content of tissues during
the development or growth of malignant
tumors (/). In a number of studies, usual-
ly with lyophilized samples (2, 3), an in-
crease in free radical content was found
during the early phases of tumor growth,
with a subsequent fall in concentration
as the tumors become large. Studies in
which tumor tissues were frozen but not
lyophilized indicated that free radical

concentrations decrease during tumor
growth (¢). It is important to resolve this
conflict because several hypotheses, in-
cluding some suggested new treatment
schemes, associate free radicals with
cancer, partly on the basis of increased
free radical contents during tumor
growth.

To our knowledge, no studies have
been reported in which both methods of
sample preparation were used for the
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Fig. 1. Representative ESR spectra of nonlyophilized and lyophilized samples. Conditions: tem-
perature, 77°K; incident microwave power levels to a TE , cavity in a Varian E-9 spectrometer,
as indicated; frequency, 9.1 Ghz; modulation, 8 gauss at 100 khz; relative signal amplitudes, all
the same; the spectra of the DPPH («,a-diphenyl-g-picrylhydrazyl) standard (¢ = 2.0036) in-
dicate the g-factor. Spectra are shown for samples taken at 0, 8, and 14 days after inoculation
with 10* Walker tumor cells, before and after lyophilization. After lyophilization the samples
retained the same configuration as in the nonlyophilized condition and were transferred to liquid
nitrogen with minimal exposure to air. Care was taken in the lyophilization procedure to avoid
artifacts that could appear in this type of preparation (/1).
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