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Effect of ventilation on removal of [‘4C]mescaline by perfused rabbit lung 

(Received 14 September 1976; accepred 3 December 1976) 

Many investigators have used isolated perfused lung prep- 
arations to study the pulmonary disposition of circulating 
drugs and endogenaus vasoactive substances. In many of 
these studies [l-6], the perfused lungs were statically in- 
flated, while in others [7-L5] the lungs were mechanically 
ventilated. It is possible that under these different condi- 
tions there exist qualitative and/or quantitative differences 
in the pulmonary removed and metabolism of the perfused 
substances. 

We tested this possibility using mescaline, which is 
removed from the circulation by statically inflated, per- 
fused rabbit Lung Et63 and extensively metabolized to 
3~4~~-tr~methoxy~heny~~ce?i~ acid (~~~A) by a semicarba- 
zide-sensitive amine oxidase which is present in lung 
homogenates [17]. 

MeI hods 

Left and right rabbit lungs were independently perfused 
at IO ml/mitt via the first branches of the pulmonary artery 
in a non-recirculating (single-pass) system as previously de- 
scribed [S]. The Krebs-bicarbonate perfusion medium (pH 
7.4) was aerated with 95% 02, 5% COz. Lungs were venti- 
lated with room air via a tracheal cannula at 51 strokes/ 
min and 21 cc/stroke [tg] using a Harvard Apparatus 
model 661 Small Animal Respirator. Perfusion pressure 
and tracheal pressure were monitored using Statham pres- 
sure transducers {models P 23 DC and P 23 Be, respect- 
ively) and a Grass modet 5 Polygraph. 

The experimental protocol was as follows. After a 
lO-min stabilization period during which staticahy inflated 
lungs were perfused with mescaline-free perfusion medium, 
tungs were perfused with medium ~onta~ning 0.1 FM 
[‘“C]mescaline for 12.5 consecutive min. At the ~ginn~ng 
of amine perfusion (taken as zero time) the lungs were 
inflated with 25 ml of room air. From 10 to 10.5min 
(Period 1) a QS-min sample of effiuent ~rfusjon medium 
was collected from each lung. At 10.5 min control lungs 
were immediately reinflated with 25 ml of room air, while 
experimental lungs were mechanically ventilated until min 
11.5. A second sampie of efftuent was collected between 
min I i.0 and Il.5 of the ventitatory period (Period 2). At 
11.5 min, lungs were again (staticatty) reinflated to a 
volume of’25 ml. A third efRuent sample was coffected dur- 
ing this final period of static inffation at t2.0min (Period 
3). 

Radiolabeled amine in Q.5-ml ahquots from collected 
samples was separated from its TMPA metabolite using 
&o-Rex 70 cation exchange chromatography as previously 
described [ 193. Radioactivity was measured after addition 
of 10 ml Aquasol in a Packard Tri-Carb model 3320 liquid 
scintillation spectrometer. From the radioactivity measure- 
ments the concentration of amine and metabolite in the 
inflow and outflow perfusion medium was caiculated. 

per cent removal (7; Rf of perfused amine was calculated 
X.: 

%R = il~~~~ x 100, 

where C,,i and C,,, represent concentrations of [‘4C]amine 
in the inflow and outflow perfusion medium respectively. 

per cent of effluent radioactivity as [t4C]mescaline 
metabolite (7: M) was calculated as: 

where C,,,,,, is the concentration of [t’C]metabolite in the 
outflow perfusion fluid and C,,, is the total molar concen- 
tration of [14C]amine plus [14C]metabolite in the effluent. 

Results from independentiy perfused left and right lungs 
were similar; data from left lungs are presented in this 
paper. The results were analyzed statistically by a Student’s 
t-test [B-J. 

Mescaline HCI [8-r4C] (21 m~i/m-rn~~e) and Aqtmsol 
were purchased from New England Nuclear Corp., Boston. 
MA. &o-Rex 70 cation exchange resin (100-200 mesh) was 
purchased from Rio-Rad Laboratories. Ri~hmond~ CA. 

Results 

The effect of Ye~~~i~~~on ofi removal of 0.t pM [“C]mes- 
cahne by isolated perfused rabbit lung is shown in Fig. 
1. [t4C]mescaline removal by control lungs, which were 
reinflated to static volume instead of being ventilated, 
remained unchanged during the period of effluent coitec- 
tion (Fig. f, control). In lungs which were ventilated, how- 
ever, percentage removal increased from 58 per cent during 
static inflation (Period 1) to 83 per cent during the vcntila- 
tory period (Period 2). Amine removal remained elevated 
I mm after the ventilatory period (i.e. during Period 3). 
although it had decreased from the peak attained during 
ventilation. 

The per cent of eWuent radioactivity appearing as 
{t4C]mescahne metabolite ( [t4C]TMPAI is shown in Fig, 
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Fig. 1. Effect of ventilation on per cent removal of 0.1 $vl 
[‘4C]mescaiine by perfused rabbit lung. Protocol was as 
described in Methods. Shaded bars represent removal 
determined during static inflation. Values are expressed as 
mean & S. E. M. N = 4 for control, and 6 for ventilated 
groups. The asterisk (*) indicates significantly different 
from the Period I value of the same group; the dagger 
(t) indicates significantly different from the Period 2 value 
of same aroun. P <: 0.05 6tudent’s t-test. uaired analvsis), 
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Fig. 2. Effect of ventilatjon on fraction of efRuent radioac- 
tivity appearing as [“Clmescaline m~tabolite. Shaded bars 
represent periods of static inflatjon. Values are expressed 
as mean & S. E. M. N = 4 for controi lungs, and 6 for 
ventilated lungs. The asterisk (*) indicates signi~cantiy diE 
ferent from the Period I vaiue of the same group, the 
dagger (t) indicates significantly different from the Period 
2 value of the same group, P < 0.05 (Student’s r-test, 

paired analysis). 

2. The rate of appearance of [i4C]mescaline metabolite 
was constant in lungs which were statically inflated (Fig. 
2. control lungs). Ventilation, however, produced a signifi- 
cant increase in the percentage of effluent radioactivity 
appearing as [%]metabolite. This effect can be accounted 
for primarily by an increase in the concentration of 
[*4C]metabolite appearing in the effluent, which accom- 
panied a decrease in effluent [‘4C]mescaEne during venti-. 
lation. 

Perfusion pressure remained un~han8ed during experi- 
ments in which lungs were statically inflated (Table 1). 
Ventilation produced small but consistent decreases in 
mean perfusion pressure. Lung weight was not s~g~j~cantly 
altered after the I-min ventilatory period (Tabte 1). 

This study shows that ventilation of isolated rabbit lungs 
increases the removal of perfused [‘4C]mescafine. One min 
after the cessation of ventilation the magnitude of 
[14C]mescahne removal bad partially returned to its pre- 
ventilatory value. Results presented in Fig. 2 suggest that 
the observed ventilation-indeed changes in mescaline 
removal are associated with elevated metabolism of the 
amine. The mechanism of this ventilatory etIect is presently 
unknown. The fact that perfusion pressure and lung weight 
were not ahered 1 min after the ventiiatory period (Table 
1) suggests that ventilation-induffid alterations in amine 
removal are not associated with irreversible damage to the 
organ. 

These results emphasize the importance of considering 
ventilatory conditions in the design of experiments with 
perfused lung and interpretation of rest&s from such 
studies. The study also raises the possibility that aitered 
ventilatory patterns resulting from pulmonary disease, 

Table 1. Effect of ventilation on perfusion pressure and 
weight of perfused rabbit lungs* 

Control values: Experimental values: 
static during ventilated during 

Period 2 Period 2 
(N = 4) (N = 6) 

Period Mean perfusion pressure 
(mm Hg) 

I 4.9 -i_ 0.3 4.7 + 0.4 
2 4.9 + 0.5 3.8 It 0.4t 
3 4.8 i_ 0.4 4.9 f 0..5$ 

Lung wt 
(g) 

4.98 * 0.35 5.28 + 0.60 

* Vafues represent x 4 S. E. M. for left lungs perfused 
as described in Methods with Krebs medium at a Row 
of 10 mi/min. 

t Si8ni~cantiy different from Period 1 value (P < 0.05, 
Student’s f-test, paired analysis). 

$ Signiticantly different from Period 2 value (P < 0.05, 
Student’s t-test, paired analysis). 

shock and exercise may change the effectiveness of the iung 
in removing circulating drugs and other bioactive agents 
in viva 
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~at~~olarni~e ~~e~asitivit~ of adenylate cyclase after cftemicai 
denervation in rat heart 

(Received 29 November 1976; accepted 21 February 1977) 

Trende~enburg [I] in his classical review on supersensiti- 
vity to sympathetic amines discussed several mechanisms 
which could lead to hypersensitivity, among them relation- 
ship between supersensitivity and norepinephrine content, 
deformation of the receptor and release of norepinephrine 
from nerve endings. Further investigations on these 
mechanisms carried out in different tissues and animals 
confirmed the importance of these factors [Z-4]. In these 
investigations the method of chemical de~ervation with 
reserpine and 6”hydroxydopamine was widely used during 
acute and chronic treatments. 

The hormonal sensitivity of adenylate cyclase and its 
close connection with beta-receptor made a good tool of 
this membrane bound enzyme to investigate receptor sensi- 
tivity [5]. Several studies were made concerning the super- 
sensitivity of the adenylate cyclase toward sympathetic 
amines not only in brain and heart slices [6-S] of rabbit, 
rat and guinea pig, but also in heart cell membrane prep- 
arations from molluscs [QJ. 

The aim of the present work was to compare the effects 
of reserpine and 6-~ydroxydo~mine treatment on the 
catcchotamine sensitivity of the adenylate cyclase rat heart 
particulate cell fractions. 

~urer~a~s and methods. AI1 fine chemicaIs were from 
Sigma (St. Louis), Iabelled compounds were from New 
England Corp. Boston. 

Wistar rats were used for the cx~riments. 2.5 m&g res- 
erpine ip., were injected 24 hr or 100 mg/kg Ghydroxy- 
dopamine i.p. 2 hr before excising the heart quickly under 
ether anesthesia. Controls were treated with saline. Ventri- 
cles were homogenized in 9 vol. 0.05 M Tris-HCI pH 7.4 
buffer containing 0.25 M sucrose using a Potter apparatus 
at 4”. The homogenate was sedimented at tOOOOg at 4” 
for 20 min, washed twice and sedimented again at’ IO000 g 
with the same volumes of buffer-sucrose. Finally the pellet 
was suspended in 9 vol. of buffer omitting sucrose. Protein 
was determined according to Lowry et al. [ 101. 

Adenylate cyc~use assay. The reaction mixture ~nta~Red 
50mM Tris pEi 7.4 buffer, 4 mM theophylline, 2mM 
ATPjl FCi C3H]ATP sp. act. 26Ci (mM), 2mM CAMP, 
2 mM MgCl,, 6 m&ml dbumine, f mM phosphoenolpyru- 
vate and 0.1 mg pyruvate kinase and 100.~1 enzyme solu- 
tion containing 2oOpg protein. Incubation was carried out 
in a final vol. of 300 ~1 at 37” for 5 and lOmin, c-AMP 
production was linear during the incubation time. The 
reaction was stopped by boiling the samples at loo” for 
3 min in the presence of a 100 ~1 recovery mixture (IOmM 
ATP and I mM c-AMP) or by the addition of 20011 of 
equal parts of 5% ZnSO* and SN Ba(OH),. 504 of the 
supematants was applied to Whatman No. 3 MM for 
paper chromato~aphy as described previously [ft]. 
Rad~~ctivity was measured in a Nuclear-Chicago scintiha- 
tion sp~tromctcr. 

Results and discussing. Figure 1 demonstrates adenylate 
cyciase activity in control and reserpine treated rat ventri- 
cles in the presence and absence of lo-” and 10m5 M nor- 
adrenaline. The noradrenaline sensitivity with respect to 
basal activity is increased in the reserpine treated rats, 
basal activity is significantly lower with respect to the con- 
trol. Figure 2 shows the changes in adenylate cyclase ac- 
tivity in response to isoproterenol lo-’ M after Ghydroxy- 
dopamine treatment. There is a significant increase in hor- 
monal stimulation after 6-hydroxydopamine treatment and 
a decrease in basal activity as well. The decreased basai 
activity of adenylate cyclase after chemical depletion of 
catecholamines is observed only in particulate cell fractions 
whereas in slices no changes in basal activity were 
observed [3,12]. Catccholamine concentrations were 
chosen to give maximal stimulation. No significant differ- 
ences in noradrenal~ne I<, values were reported after 
chemical denervation in brain slices by Vetulani et al. 
l?61. 

These results seem to emphasize the role of the receptor 
in short-term supersensitivity since it develops relatively 
early after denervation, even before the catecholamine con- 
tent of the heart entirely disappeared. After a single injec- 
tion of IOOmg/kg 5.OfiDA the catecholamine content of 
the rat heart fell from 0.902 udrr to 0.042 UK/P; w/w within 1 _1_ 
2 hr [4,9,15]. Adenytate cyclase shows supersensitivity not 
only after in vitro noradrenaline stimulation but also after 
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Fig. 1. Adenylate &y&se activity from rat heart ventricle 
particulate preparations before and after reserpine treat- 

ment. B = basal activity, NA = noradrenaline, n = 5. 


