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SIAMARY

The low-pressure propellants influence predominantly the circulation, .

waereas the high pressure propellants affect the respiration in anesthetized 'g :

onkeys, There are four groups according 1o the level of toxicity: Class 1, .

spressure propellants of high toxicity thal cause tachycardia and hypo- .

Jdon; Class 2, low-pressure propellants of intermediate toxicity that influ-
~ cither circulation or respiration or both; Class 3, high-pressure propel-
- of intermediate toxicity that cause bronchoconstriction, and Class 4,
pressure propeilants of low toxicity that do not influence respiration or
ition even when inhaled at levels of up to 20% concentration.

I
i

i

'

‘DUCTION

far in this series of investigations the effects of 8 propellants have been
fied in two animal species: 7 in the rat [7] and 3 in the mouse [4]. 3
propellants cause bronchoconstriction and respiratory depression, and

[
5 sence only bronchomotor tone or respiration but not both. Since there
ar o propellants that are heing compared, the respiratory profile is still
1 w  wn for 7. For the sake of completeness, all 15 are presently compared
in - monkey with measurements of respiratory minute volume, pulmonary
e ance and pulmonary compliance. The aortic hiood pressure and heart
ra -p also recorded to arrive at a general statement as to the comparative

vity of the respiratory and circulatory systems.
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This is the third comparison of W15 propellants which has not bee,

hitherto attempted, The first one was for the detection of proarrhythm Vil 4
activity in mice [ 1) and the second concerned depression of cardine contrace. werg
tlity in the monkey [3]. The results were used to classify the propellants on g atis
the basis of their potency and the nature of the cardiotoxicily involved. The ditug
differentiation of the propellants on the hass of their vapor pressure wiis puy
completely ignored. However, since recent evenls have prompled the neces- ' follg
sity to discard some widely used propellants, the choice of substitutes would ) in
be Tacilituted i the classification would separate the high-pressure propel- ' 15
lants from the low-pressure ones. The differentiation hetween the two is i i. :
based on the vapor pressure and boiling point: propellants with vapor pres. Meg
sure less than 31 psig and boiling point above =117 are low-pressure ones S
und those with a higher vapor pressure and lower boiling point are character- : and
ized s high-pressure. The classification which is propoesed below takes into . they
consideration the pressure as well as the level of toxicity affecting the respr- ) hicg
ratory and circulatory systems, : 03i
Thy
EXPERIMENTAL MATERIALS AND METIHODS 4L -
ang
Propellants admimstered by inhalation : o pre
The fifteen compounds are grouped aecording w their vapor pressure and RL -
boiling point into high- and low-pressure propellants. All but five are fluo- N
rinated and are wdentified by Muoroearbon (FC) numbers which denote the Y3
position of the fluorine and chlorine substitution. The chemical structures of - , -
the compounds arranged in the decreasing order of the boiling point at one . ;-

atmosphere are as follows:

Bading point € Vapor pressure
paip #t 207°C

Loupressure propellanis
Aot prienloroethane 4.1 —iah
b ol o pena Trchlorownfluorocthane 47.4 - !):2 3
Fy 7702 Methylene chionde 40,1 - 1.3 i
1 L efHd @ FC 1L TrichlorsMuoromethane 23.4 - 1.3 ) #
FC 21; Dichloramonofluonnnethane 8.9 8.4 T
4 Y ‘ FC 114: Diehlorotetrafiuorocthane 3.8 12,9
1. 4 11471 FC C-318: Dctalluoroey elahutane - 0K 25,4 y
Pk def ¥ FC 142h: Monuchlorodiflusroethane - 10,0 201 4 i
’;.‘ ”lf 1sobutane —-10.2 30.0 ' o
Hligh-pressure prapellanits ,
u
K-iqey Vinyl ehjoride —13.9 31.5 .
N v Y FC152u: Difluoroethune —24.7 63.0
‘,) . \é(‘\m')) l-:C 12; irhlorodifluorome thane —349. R 70.2
by mICE FC 115: Chloropentafluorovthane —38.7 103.0 ‘ i
By - FFC 22: Monoehlorodifuorsmethane —40.8 121.4 ' .
VoS Propane ~42.2 130.3 ’
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With the exception of FC 11, all of the compounds examimed exst in the
vapor or gascous phase at normal ambient temperature and prossure and
were Ltherefore stored in pressure eyvhinders. The desired concentritions were
attained by delivering @ metered volume of the gas from the eylinder and
diluting it with a known volume of wr. "The vapor of fluorocarbon 11 (boiling
point 23.8”) was gencrated by heating the compound in a water bath, The
following concentritions were used: 2.5, 5, 10 and 20% of the vapor or gas
in air. The mixture was administered for 5 min alternately with room air {or
15 min,

Measurement of bronchopulmaonary funetion

Rhesus monkeys (Macaca mudatta), weighing from 1.5 ta 2.7 kg, were
anesthetized by intravenous injection of 30 mpg/kg sodhum pentobarbital and
the trachea was cannulated. Lead 1 electrocardiogram and femaral arterial
blood pressure were recorded. Pulmonary resistanee wnd complinnee were
estimated from measurements of tracheal air flow and transpufmonary pressure,
The teacheal cannuia was conneeted to a mesh sereen Fleisch pneumotachos
graph with a healing unit to mamtain inspired air at a constant temperature,
and the pressure difference across the sereen was measured by a differential
pressure transducer. The signal from the transducer corresponding 1o air flow
was in turn integrated and recorded as tidad volume. Respiratory minute
volume was oblained by means of an integrating preamphfier which con-
verted the flow measurements into volume.

The pressure difference between the traches and the mtrapleural space
was measured with a second differential transducer. To determine pulmo-
nary resistance, the flow and pressure signals were displayed sumultancously
on both axes of the oscilloscope sereen Lo show o Pressure-Flow loop, Sub-
sequently an amount of pressure proportional to volume wis subtracted, s0
that the loop was closed at zero flow. The slope of the line thus obtained
corresponded to pulmonary resistance. The values for compliance were ob-
tained similarly by displaying the Pressure-Volume signals and subtracting
pressure due to resistance, or by calculation from the subtracted pressure
when closing the resistance loop [8].

RESULTS

The classification that is being used is based on consideration of the vapor
pressure of the propellant as well as of the minimal concentration that
influences the various parameters relating to the circulatory and respiratory
systems. The 9 low-pressure propellants are divided into two classes: Class 1,
those that inflluence cardiovascular function in concentrations of 2.5 Lo 5%,
and Class 2, those that influence cardiovascular and bronchopulmonary fune-
tion in concentrations of 10 to 20%. The 6 high-pressure propellants also are
divided into two classes; Cluss 3, those that influence bronchopulmonary
function in concentrations of 10 to 20%; and Class 4, those that do not
influence cardiovascular and bronchopulmoenary function in inspired concen-
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tration levels of up ta 20%. For brevity, the concentrations are identified as
follows: 2.5 to 5% to represent a high level of toxiaty, 10 to 20% as
intermediate, and the low level for those that had no detectable toxicety
when inhaled in concentrations of up to 20%.

Cluss 1: Low-pressure propellants of high loxicily

The 5 members are listed in Table | with their respeclive ¢ffects on the
various measurements. The characteristic features common o all 5 propel-
lants are tachyeardia and hypotension at concentrations of 2.5 1o H%. The
effects on respiration are varied; two of them cause depression of respuatory
minute volume, three an increase in compliance, and four o decrcase in
pulmonary resistance. The special features for each propeliant are as follows:
FC 11 causes the most intense tachyeardia and hypotension. FC 21 15 the
most potent depressant for respiratory minule volume. FC 113 1s second 1o
FC 11 in the degree of cardiovascular effect, but FC 114 is more potent than
FC 11 in decreasing pulmonary resistance and increasing complinnee, T'ri-
chloroethane is the propellant that causes a significant fall in resistance and
respiratory minute volume but an increase in complianee. Methylene chio-
ride has no effect on respiratory minute volume but has the most potent
action on pulmonary resistance and compliance.

Cluss 2: Low-pressure propellanis of intermediate toxicily

The 4 members are listed in Tuble 11, The effective inhaled concentrations
are 10 Lo 20%, which influence gither respirution or circulation or hoth, 'C
114 affects both and causes specifically tachycurdia, hypotension, respira-
tory depiession and an increase in pulmonary resistance. FC 142b causes
hypotension but also respiratory stimulation, an effect that is unique, since
no other propellants belonging to this class or other classes exert such an
action. Isobutane does not influence circulation but increases resistance and
depresses respiratory minute volume. FC C-318 causes an increase in resis-
tance but has no effect on minute volume, heart rate or blood pressure.

Class 3: lligh-pressure propellants of intermediate toxicity

The characteristic feature of the 4 members is an increase in pulmonary
resistance or hronchoconstriction (Table ). The additional effects vary
among the propellants, as follows: FC 12 decreases compliance, reduces
blood pressure and accelerates the heart rate. FC 22 does not decrease com-
pliance but influences the other four parameters. Propane has the must
limited influence - only bronchoconstriction and respiratory depression,
Vinyl chloride affects all three respiratory parameters hut not circulation.

Clags 4: High-pressure propellants of low toxicity

The 2 members listed in Table IV do not influence respiration or eircula-
tion, even when inhaled in levels up to 20% concentration.
DISCUSSION

The most important conclusion drawn from the above experiments is the
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TABLE1
LOW-PRESSURE PROPELLANTS OF HIGH TOXICITY {MEAN £ SEM)

Propellant & Cone. Monkey Pulm. resistance Pulm. compliance Resp. min, vni,

v - No. J——
Control Hesponse A Control HResponse Lot Control R esponse T3
cm HaOflfsec mifem H:O mlimin
FC 13 2.5 3 28.6 27.9 — 2.00 7.6 7.3 + a.00 f99 T < 300
{Trichloro- + 1.0 + 03 2 200 =0T ER LK + 3.0 + 197 23R £ o400
flupromethane)
5.0 4 35.3 axro — 7.00 S0 T4 + .00 G12 511 - 800
£ 2.3 £ 34 + 400 0.1 s B R sol42 Y] : RO
FC 21 25 3 27.2 — 200 7.3 .8 + 1.00 242 274 —39.00
{ichlore- + 22 “ 1.4 : 2 LB < 0.8 = 1.00 i 59 [ - 10,00
fluoremethane)
H0 4 bt b P | —10.00" 5.t B0 + RO0 . 455 apd a0
1.00 HE M ] R Ut LG * 0% = 1.00 - vl 24 RN\
- FC113 2.4 3 21,78 19,64 — R.BT B.AT « 397 120 1250 « LAY
{Trichlorori- LA R L 20 R o] =043 2,30 493 H Ty L -1
fluoroethane}
6.0 3 21.08 18 84 —-12.07 .50 +13.95 12497 1302 L Rt
ro3.00 v AT R HALEE HE R 3) L 11 N g M 72 - 3.0
Trichloro- 2.5 ] .38 18,52 - R.BY T.RG + R4 1352 1213 g1
cthane + 2055 -1 Lot 0,52 = 1.55 - and 1241 A+
5.0 a4 *y,2Y 1R.O8 ~—15.41 T.06 Bin 1352 1183 -2t
+ 294 ER R4 | * 130 s 0,00 ML M 304 - 1.y AN |
Mathylence 2.5 3 20.38 18.53 —10.43 ;.90 Sl 1280 12473
chloride < 2,56 + 3.43 : T.R0 *{LIR ERLE 111 L.
5.0 3 22.83 13.32 —32.08 R £.26 1300 el
+ 372 = 3.83 1203 + 0.56 0.3 - o1e0 - AT

L0€920 S?H




TABLE 1 (rontinued)

Propeollant

% Cuonc.

Monkey
No.

Heart rate

Aorhic Diom! prossure

Contrel
beatsfmin

Hesponse

Cantrel
mm ile

FC 1
{Trickiote-
Muoroirethane}

e 21
{Dwehioro-
fluaromethane)

L A
{Trichlorotri-
fluoracthane)

Trchlore-
vlhane

Methylene
chionde

183

L
Gy
LA B R ]
173,32
sorenl
17661
+ 130G
175646
< 1inun
174,43
1h.00
176G

§2.6G

175
s AT
LR

1909

BALGT
© LGS
LRZ.06
L I B K ]
20266
- oRNT
Ix7.3d
- tRLTU
ELERAN
+ GG

T owmy oy il

+ 6.
+ .00

+36.00"
< 1000k

+15.00
<1001

+17.00
R

+1RO7
A B

s 7 Ry
+ R.GR
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R {18

18,134
R
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TABLE 1L
LW-PHRESSURE PHOPELLAN
.-

PSP, e

60£920 S%H

e e

Propellant % Conc. Monkey Puim. resistance
",”" Nl'l. - e e T e T
Control Husponse Lroh 1
cm H>0/ sec
e e T T [RPRRSURE
¥t 5.0 3 21,50 . 20) + 1.0%
(1chlorotelras A R | T R
fuaroethane)
10.0 3 19,70 2089 + 558
- 0RO - 1.3% R R i
0.0 3 22,42 LHT +11.08
r R - X6 RN
FC 1420 N3} 3 VRS 285 n.a
(Monachioro- »oh +oan L (X
dilluuraethane)
104 4 WAL tiE (LX1]
L ) LI 1 AN
{subietane 50 3 21,0365 2T + #.Th
LBy < 350 L 1
1a.4 2 211 2505 +10.00
< 150 < 368 1T
TCLU-A1R L 3 2 9.4 on
fuletafiasne M ] 1 - uy
ovclubutaned
104 4 282 329 LR L)
MR | © B =

OF INTERMEMATE TOXICITY IMEAN - SEM)

Cantrol
ml em 1§:0

w83
K1

m, cnplianes

Response

| A
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+, 8
3T
ST

AR ERTLE

qan
ni

e
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[ ey
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TABLE Il (¢continued)

% Conc.
viv

Propellant

Monkey
No.

Heart rate

Aortic blood pressure

Control
heatsfmin

Control
mm Hg

HResponse T3

Hesponse

T

FC1i4 5.0
T {Dicnloraletra-
Nuoravihane}
10.0
20,0
FC 142 5O
(Monochlore
diflucrovihanse)
10.0

fsobutane LR

110

FC C-31R 5.0
(Octafluoro-
evclobutane)

.n

0L£920 S®Y

A1t

168.0D
: 13.58

170,00
* 34.42
173.33
+ 12,35
186
0

AR L)
12

-

180.65 + 8.6 118.33 114.33
6.36 + .76 R W I X * 1.20
1BR.5E +11.90 115,33 §05.00
7.26 + T.6F L 536 : 537
2100 +23.32° 111.33 87.63
2.00 £ .13 + 3N H 3.71
188 + 1.0 01.% g
0 < 1.0 + 0.1 . 8.1
183 + P wls an.a
9 L ] <R . T4
177.93 + 306 11550 1121
6.43 1NN :o4I0 . 208
144,00 + hh 11531 .
8.72 + LRY < haq M 359
[ §: %] + F.0 &R0 THD
25 + 3.00 R K] : 3.2
L5 + 30 g4 fR.O
14 T 200 < T : 7.3

-3 27
=210
-9.358
AR
3 PEr
LR

H

-- 2
1.080

- R4
r

1.0
ro3.am

— 1.00
ER L




TABLE I
HIGH-PRESSUKE PROPELLANTS OF INTERMEDIATE TOXICITY AMEAN * SEM)

Propellant 5 Cone.  Menkey  Pulm, resistance Pulm. comphiance Resp, s, v o), .
Control Response Fa Cuontrof. Hesponse e Controt Hesponse Y
cm 100/ mijem 10 ml ‘min |
LPS .
FC12 5.0 3 26.9 28.5 + 50 a7 0.0 - 6.0 H4 s00 o s E
3
(Dichlorodi~ - 3.2 + 2.6 + 5.0 i X G * R0 T R R | © N T .
Nuoromethane) X :
10.0 1 29.1 2.5 +15.0% v.0 &0 -11.0 a1t 507 - Lo '
00 + 5.2 R 1] 0.4 ‘N M XY b R T ALK TN J
FC 22 10.0 3 21406 21,57 + 555 K.A3 .66 - 1.96 1600 1508 - L% . i'
(Monochioto- oDy v 1.28 * 9.5b “0.A3 C0EG r 1.9 : 312 : 3R < 1. :
dibuoromethane} - . ;
? 20.0 3 19.53 382 +15.89° 313 G5 [T § 5653 1377 ~1LTe - '
A L 064 = 0,59 : 483 ~0.96 LT3 = AR + ITR T o2an © LA
5 s
- Propane 14.0 3 271 2208 + 1.85 £.22 w13 — 1.84 1184 127 - R02 3 .
- ron2 t 1.2 : 1.85 =067 B Regc) LN LI L - 116 .o a ,
M 20.0 3 20,54 2857 +10.33 n.AD ;.00 — T.22 1394 1127 ERUN R 1] i
¥ C LA R L < LA2 058 0.7 + Ay R < INR LR . ’
.. Winyd ehinride 2.5 3 21.41 2181 + 1.56 6.30 G.27 -~ 056 1413 14T LR R 1] N
= + 041 04l s LR “0K5 S0LRN B E + 72 ST
- 59 3 24,70 2198 + H.20 533 .53 - 24y 1155 §274 -- hAY
B r 035 023 O M e § ERE *iLBD s ALhG = iag = RY < 1.t
" 0.0 a 20,00 2307 +15.45% €.33 5,10 - RGL 1380 121y S
- < 005 + 483 RELN .} .3 -1.,23 R 14 o2 . 1% M R
- - ; oo o - T o - o T e T T
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TABLE 11 (continued}

Proneliant % Conc. Monkey 1lcart rate Aortic hlood pressure
viv Nuo, - B e i
Cuntrol Kesponse A Control Response A
beatsfran rmun g
FCi2 5.0 3 533 tRL +13.40 g1.5 T4.3 - oot
{Uichioradi- 13 < R < T I LR { Tl -2
fluerrmethane) ’
10.0 + 147 150 +10.00" B4 V500
+ 9 A * 40N - L . - a0

FC 22 10.0 3 16764 LR ] T+ 3R 11 1a (X T
(Maennchloro- 10,490 R R 1] A L) :  h -3
dilluoromethane}

210 3 ] 1R5.01 « 1508 1138013 HA NI
©LADT IR0 R 1,40 - 11.h%

Propane 10.8 3 170,33 151.313 + 11766 HREY)
+ LR © 31K 4 - 30 . )

20.0 i) 17133 180 + 117,646 116G

R ] - R 1 £ - 233

[BE BN

Vil ehlunde 2.5 3 191,80
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TABLE 1V

HIGH-PRESSURE PROPELLANTS OF LOW TOXICITY (MEAN : SEM)

% Conc.

viv

Propellant

Monkey

Pulm, resistance

Pulm. compliance

Resp, nun, v,

No.

Control
em H>0f

LPS

Hesponse

Control
mifem 1§20

Response

Cantrnl
ml min

Hesponsge

FC1156
(Chloropenta-
flurrosihane)

0.0

YC 152a
(DifMluorarthane}
0.0

10.0

23.36
t 216

22,40
+ 203
26.09
+ 1.60
29,30
¢« 180

23.36
+ 216

23.00
+ 1,19
26.H}
* 1.0
29,70

TABLE IV {continurd)

Fropellant % Cane.
(%Y

Monkey
hON

Camitro!
heatsfriin

¥C 115
{Chloropents-
fluoraethanc}

200

FC 152
{DiNuorovthane)
20.0

10.0

183,23
LI A

185.33
t3.13

183
3
B2
5

Heart rate

Hesporse TA

149
<0.94

IR2
: 1058

186.0¢
T 1240

1R3
£ 3
182
= b

+0.42
bl
D00
hity
1), (M}
0.0

. L s

KLy,

ALREIL] 1473
.00 3

1153

50
387

1aua
123
Hon
a.qae
0,4
0,041

TR
1an
833

RUD

Aortie Blood pressure

Conttrnl
mm

L2206
4,33 H

2066

fLr

124 .45
Hd
119,33
R34
30
3.480
ax.00

Rrespomae

+0LB0

B W

=105
M A
.00
.00
n.on
.00

Ta

0.0n
[EXIN]

- a4
SETO
2.4
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difference in pattern of action between the two groups of propellants, The
low.pressure propellants influence predominantly crrculation and the high
pressure ones alfeet respiration. The extent of action is not fimited to one
funection, because there are o few propellants from each group that alse
influernce those of the other group. For instance, the most potent low -
pressure propellant that causes tachyeardia and hypotension, 1o FC 1T, also
depresses respiration. On the other hand, the most potent high-pressure pro-
pellant, which depresses respiration, inereases resistance and decreiuses com-
pliance, fe., FC 12, also causes tachycardia and hypotension. About hall of
the low-pressure propellants also influence respirstion, and a third of the
high-pressure propellants also affect circulation,

The second conelusion can bé derived from an examination of the four
tables which list the classes of propellants. For cach proessure class, there are
two levels of toxicity, The highly toxic class ol low-pressure propellants
includes FC 11 and trichloroethane, which are suspected ol causing deaths
12,5,9] following the use and abuse of acrosols. The low-pressure propellants
of intermediate toxicity include 4 possible substitutes in the event that a
decision is made to dispense with one or all 5 propellunts that are in the
highly toxic class.

The high-pressure propellants consist of four propellants of intermediate
toxicity. One of them is vinyl chloride, which has been bhanned for use in
acrosols because of the reports of liver cancer among workmen exposed Lo
this chemical [ 6]. The two high-pressure propellants in the low-toxicity class
can be used as substitutes. It should he emphasized that the level of toxicity
is based on results in monkeys reported in this publication. The results
obtained from ecarlier experiments are commented upon in the next two
papers which conclude this series,
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