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[57] ABSTRACT 
Gas transport agents such as arti?cial blood containing 
a per?uorocyclocarbon and an amine oxide are dis 
closed. These compositions have been found to provide 
transparent emulsions or solutions for use in oxygen 
transport, particularly in animals. Large concentrations 
of periluorocarbons may be employed even up to 50% 
or more by volume in preparing emulsions, microemul 
sions or solutions. The emulsions or solutions have been 
found to be very stable at room temperature storage 
conditions thereby providing signi?cant advantages. 

58 Claims, No Drawings 
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ARTIFICIAL BLOOD AND OTHER GAS 
TRANSPORT AGENTS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

A number of years ago, the oxygen carrying capacity 
and lack of toxicity of per?uorinated liquid were re 
ported. Emulsions of ?uorocarbon liquids were also 
used as arti?cial bloods. In brief, over nearly the last 20 
years, considerable work has been accomplished in 
connection with the use of ?uorocarbons and ?uorocar 
bon emulsions as oxygen transfer agents and as arti?cial 
bloods. Arti?cial bloods are now being commercialized, 
particularly in foreign countries where the requirements 
for their use and commercialization are not as involved 
as they are here in the United States. It is inevitable that 
arti?cial blood will be commercialized and used 
throughout the world because of the signi?cant need 
for such oxygen transport agents and the advantages of 
such agents over natural blood. U.S. Pat. No. 3,911,138 
which issued to Leland C. Clark, Jr. sets forth the vari 
ous advantages and needs for arti?cial blood and may 
be referred to as further background of this invention. 
In this Clark patent, arti?cial bloods containing per 
?uorocyclocarbons were disclosed as useful blood sub 
stitutes. Emulsions containing emulsi?ed particles of the 
per?uorocyclocarbons were also infused intravenously 
into experimental animals and functioned as oxygen 
carbon dioxide carrying agents intravascularly. Fur 
thermore, the perfluorocyclocarbons surprisingly were 
found to be excreted from the animal body through the 
tissue, particularly the lungs and skin. The per?uorocy 
clocarbons disclosed in this Clark patent were referred 
to as RES-phobic, which indicated that the per 
tluorocyclocarbons exhibited a unique property of tem 
porary sequestration by the liver or spleen and subse 
quent elimination by the animal body. It was later dis 
closed in U.S. Pat. No. 4,105,798 which issued to Le 
land C. Clark, J r. et al that certain other per?uoro poly 
cyclic compounds were useful as synthetic blood and 
perfusion media. The per?uorinated polycyclic com 
pounds disclosed in this patent are known generally as 
bicyclononanes and adamantanes. Bicyclononanes and 
adamantanes were found to have a high oxygen solubil 
ity, very low body residue, formed very stable emul 
sions and had a very satisfactory vapor pressure en 
abling them to be excellent candidates for blood substi 
tutes and perfusion compounds. 
Thus, emulsions made from per?uorocyclo com 

pounds such as per?uorodecalin have been found useful 
as blood substitutes because the cyclic ?uorocarbon is 
transpired by the body through the skin and the lungs. 
However, in order for these emulsions to be preferred 
for biological use, they must be freshly prepared be 
cause they are not stable. That is, they tend to increase 
in opacity and the particle size of the ?uorocarbon 
liquid increases rather rapidly with time. This process 
can be slowed by cooling or even by freezing. Whereas 
per?uorinated organic amines such as per?uoro 
tributylamine or per?uorotripropylamine will make 
emulsions having good stability, it is known that such 
compounds tend to reside in the body, for example the 
liver or spleen, for considerable periods of time in com 
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parison to the per?uorocyclo compounds such as per 
?uorodecalin. Recently, therefore, per?uorodecalin 
and perfluorinated amines such as periluorotripropyla 
mine have been combined in order to provide an emul 
sion which has increased stability and which would 
leave the body at a reasonable rate. Nevertheless, it has 
been observed that such per?uoroamines as tripropyla 
mine tend to leave the body only very slowly and still 
such emulsions must also be kept cold or even frozen. 
Thus, while these compositions attempt to combine 
perhaps the best properties of both the ?uorocarbons 
employed, namely, periluorodecalin and per?uorotri 
propylamine, there are still problems that remain. Nev 
ertheless, these preparations have been employed fairly 
widely in human beings in life saving procedures and 
have been proven to be very useful. Therefore, these 
advances, together with considerable research to date 
serve to emphasize that highly ?uorinated organic com 
pounds in the form of emulsions are very useful in sup 
porting life when used in place of whole blood. 
The stability of an emulsion particle in a iluorochemi 

cal emulsion has great importance in the sense that the 
greater the stability, the longer the emulsion can be 
safely stored before it is used in vivo. In addition, if the 
emulsion is very stable, it can be stored without refrig 
eration, a factor of great importance in its possible use as 
an oxygen transport agent or as an arti?cial blood for 
civilian and military purposes, especially in countries 
where there is little or no refrigeration. Furthermore, a 
stable emulsion is more predictable from medical stand 
points rather than one which tends to deteriorate with 
time. Normally, after administration to an animal, an 
emulsion is exposed to body temperatures and this is a 
factor which may increase its conversion to larger parti 
cles. Much remains to be learned about the factors 
working for and against particle stability in the blood 
stream and tissues of mammals. While it seems reason 
able to suppose that factors which would make for an in 
vitro stability also make for in vivo stability, there are 
also special considerations involved in promoting in 
vivo stability of foreign particles such as per?uoro 
chemical particles. All of the above points to the need 
for improvements in oxygen transport agents and arti 
?cial bloods. 

SUMMARY OF THE INVENTION 

This invention is directed to gas transport agents and 
those agents especially suited for arti?cial bloods. The 
agents of this invention contain per?uorocyclocarbon 
compounds and organoamine oxides. In one feature of 
this invention, room temperature stable mixtures of 
per?uorocyclocarbons and water have been obtained 
by the incorporation of an organoamine oxide as a sur 
factant or solubilizing agent. Even room temperature 
stable emulsions or solutions have been prepared which 
have the property of transparency. While these mix 
tures may either be considered a solution, a micellar 
solution, microemulsion, vesicular suspension, emulsion 
or a mixture of all of these physical states, it neverthe 
less has been demonstrated that in preferred embodi 
ments of this invention such liquids are room tempera 
ture stable for extended periods of time. 

It has also been found that astonishingly large con 
centrations of per?uorocyclocarbons are obtained in 
aqueous solutions or emulsions, even up to concentra 
tions of 50% or more per?uorocyclocarbon by volume 
or 95% by weight in water. The combination of the 
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per?uorocarbon and organoamine oxide surfactant or 
solubilizing agent seems to synergistically behave in 
water. In the past, usually 10 or 20 or at most 30% by 
volume per?uorocarbon liquids were considered to be 
concentrated emulsions. Moreover, the concentrated 
emulsions or solutions of this invention even have room 
temperature stability without any visible change for 
many months. 

Nearly transparent or transparent emulsions or solu 
tions of per?uorinated compounds in water have also 
been surprisingly obtained. Such transparency has been 
achieved with very little sonication and such solutions 
or emulsions have room temperature stability for many 
months. Compositions of this invention containing per 
?uorocyclocarbon compounds and organoamine oxides 
as surfactants or emulsifying agents in water offer excel 
lent properties as oxygen transport agents. They are 
relatively non-toxic and non-hemolytic which renders 
them suitable for use as arti?cial bloods. Even though 
considerable amounts of per?uorocarbon may be con 
centrated in water, it has been found that the viscosities 
of the resultant ?uids are very satisfactory for use as 
arti?cial bloods. The viscosities are near the viscosity of 
water. Furthermore, it has been discovered that the 
mixture, i.e., emulsions or microemulsions or whatever 
the physical or chemical state thereof, would pass 
readily at low pressures through a 0.22 micron ?lter 
which indicates that they will traverse the capillaries of 
living tissue, thus, such discovery is signi?cant for bio 
logical and medical applications. This technique can be 
used to sterilize the mixtures as well. In contrast, previ 
ously known emulsions would only partially pass 
through such a ?lter at high pressures and thus such 
emulsions must be autoclaved for sterilization. Upon 
infusion into animals, the emulsions or solutions func 
tion as oxygen transport agents. Furthermore, the per 
?uorocyclocarbons employed have been proven to 
leave the body and have RES-phobic properties which 
have heretofore been characterized in the earlier pa 
tents mentioned in the background of this invention. 
The emulsi?er itself is excreted by the kidney and not 
retained in the body. 

Previous experience with per?uorinated derivatives 
such as FC-47 has demonstrated that emulsions of about 
10 to about 30% by volume would increase in viscosi 
ties as the concentrations increased. These emulsions 
would tend to have the consistency of honey at the 
higher concentrations. In comparison, even with con 
centrations on the order of 50% or more by volume of 
per?uorocyclocarbons, particularly DAWN, contain 
ing the amine oxide, tend to have viscosities approach 
ing the viscosity of water. These results are remarkably 
surprising. In brief, these and other advantageous prop 
erties of the compositions and methods of this invention 
will be further understood with reference to the follow 
ing detailed description. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The gas transport agents or arti?cial blood composi 
tions of this invention are liquids. The terms “liquids”, 
as used herein, is a comprehensive designation including 
any components in a ?uid. As stated above, the physical 
state of the liquids may vary and include solution, mis 
cellar solution, microemulsion, vesicular suspension, 
emulsion, or mixtures of any of these. In certain pre 
ferred features, as developed above, transparent solu 
tions, emulsions, microemulsions, mixtures or other 
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states, have been surprisingly found to exist wherein the 
[per?uorocarbon] pei?uorocyclocarbon is mixed with 
water in the presence of an organoamine oxide surfac 
tant or solubilizing agent, as the case may be. The term 
“per?uorocyclocarbon" means a cyclic compound of 
carbon, whereas the term “substituted derivatives 
thereof" characterizes substituted per?uorocyclocar 
bons with acyclic or alkyl side chains, preferably lower 
alkyl side chains. It should also be noted that the term 
“per?uorocyclocarbon” denotes substitution of all hy 
drogen atoms attached to the carbon atoms chain or 
ring and any carbon side groups with ?uorine. It is 
conceivable in the manufacture of such compounds that 
minor amounts of substantially ?uorinated derivatives 
may be mixed with completely ?uorinated compounds. 
This is permissible providing the lack of complete re 
placement of all hydrogens does not affect the essential 
characteristics of the liquid per?uorocarbons of this 
invention, particularly when the active hydrogens criti 
cally enhance the toxicity of the compounds when they 
are employed in oxygen transport agents in animals. 
Among the per?uorocyclocarbons which may be em 
ployed are per?uorobicyclo[4.3.0]nonane, [per?uoro 
trimethylcyclohexane, per?uoroisopropylcyclohex 
ane,] per?uoroendotetrahydrodicyclopentadiene, per 
?uoroadamantane, per?uoroexo-tetrahydrodicyclopen 
tadiene, per?uorobicyclo[5.3.0]decane, [per?uorotet 
ramethylcyclohexane, perfluoro- l -methyl-4-isopropyl 
cyclohexane, per?uoro-n-butylcyclohexane,] per 
?uorodimethylbicycle[3.3. 1.]nonane, per?uoro- 1 
methyl adamanatane, [per?uoro-l-methyl-4-t-butylcy_ 
clohexane,] per?uorodecahydroacenaphthene, per 
?uorotrimethylbicyclo[3.3. 1.]nonane, per?uoro-n 
undecane, per?uorotetradecahydrophenanthrene, per 
?uoro-l,3,5,7-tetramethyladamantane, per 
?uorododecahydro?uorene, per?uoro-l,3-dimethyl 
adamantane, [per?uoro-n-octylcyclohexane,] and 
per?uoro-7-methyl bicyclo[4.3.0.]nonane[, per?uoro 
p-diisopropylcyclohexane, and per?uoro-m-diiso 
propylcyclohexane] . 

It is also to be understood that the ?uorocarbons that 
are useful according to the principles of this invention 
may be generally termed “per?uorocyclocarbons” or 
“per?uorocarbocyclic compounds” or “cyclic per 
?uorocarbons”. The term used predominantly in this 
description is per?uorocyclocarbon, however, the term 
cyclic per?uorocarbons or per?uorocarboncyclic com 
pound are considered alternative expressions. The term 
“carbocyclic” or “cyclocarbon” means a homo-cyclic 
compound of carbon, i.e., a ring or rings of carbon 
atoms. The carbocyclic [compound may be moonocy 
clic as in the case of cyclohexane or bicyclic as in the 
case of naphthalene or polycyclic as in the case of phe 
nanthrene. Furthermore, other polycyclic per?uoro 
compounds whose ring structure cannot be aromatized 
without destruction of its original carbon-to-carbon 
cyclic bonds are included. Thus, the later mentioned 
per?uorocompounds which may be employed in this 
invention are distinguished from the per?uorodecalin 
compounds mentioned above, or other similar com 
pounds which can be aromatized.] compounds accord 
ing to this invention are derived from two classes. The ?rst 
class of per?uorocyclocarbon compounds are non-aroma 
tizable per?uorinated polycyclic compounds having 9—18 
carbon atoms and at least two bridgehead carbon atoms 
linked through a bridge containing at least one carbon 
atom. By the term bridgehead carbon atom is meant a 
carbon atom bonded to three other carbons in a cyclic 
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compound having 2 or more rings. By the term “non 
aromatizable” is meant a polycyclic per?uoro compound 
whose ring structure cannot be aromatized without destruc 
tion of its original carbon-to-carbon cyclic bonds. Thus, the 

6 
standard; the sample measured by the procedure is 
withdrawn from the working standard, thus, a typical 
sample will contain 16.7 pico liters of per?uorocarbon 
per milliliter of standard; however, in the capillary 

per?uoro compounds of this invention are to be further 5 column procedure, the sample is split into a ratio of 
distinguished from the per?uorodecalin above mentioned 23:1, therefore, only 1/23 of the sample is actually mea 
or other similar compounds which can bearomatized. This sured. As indicated in Table II, the retention time is 
invention thus employs the per?uoro derivatives of such highly de?nitive of each liquid used in this invention. 
C9-C 1g polycyclic compounds as bicyclononanes (e.g. bicy- Moreover, the capillary procedure is more speci?c than 
clo[3.3.l]nonane, 2,6-dimethylbicyclo[3.3.llnonane or 3- 10 the packed column procedure by de?ning additional 
methylbicycl0[3.3.llnonane), adamantane, methyl and characteristic peaks of each compound. Thus, a more 
dimethyladamantane, and ethyladamantane. As hereinaf- precise de?nition of compounds can be had with the 
ter mentioned these compositions are described in [1.8. Pat. capillary column procedure. 
Nos. 3,911,138 and 4,105,798 which are incorporated by TABLE II 
reference at Column 5 lines 6-8. The second class of per- 15 ‘ 
fluorocyclocarbon compounds contain tricyclic per’ —-———5—Ly—G” Chmmaw ‘8 h c ‘n 

- api ary 

?uorocyclocarbons as in the case of phenanthrene and Pmked column” Column”, 
quadricyclic perj?uorocyclocarbons as in the case of ada 
mantane. The carbon ring can be alkylated with a lower 4:23am U6 7 1/ Wu‘ [l6 7 V “n” 

- . p m . p m 

alkyl group or groups such as methyl or ethyl as m the 20 Recorder Sensitivity 0.00l v full scale 0.001 V full scale 
case of per?uoro(methylcyclohexane) or perfluoro(- Column Temperature 100- C 37-C_ 
decahydrodimethylnaphthalene). Per?uorocyclocar- Detector Temperature 250' c. 250' c. 
bons of this invention may be formed of “neat" per- Injwo“ Tmwamre 150' C~_ 150' C; 
?uorocarbon liquids or solids and often, due to their 22H?” Fl°w 4o “ll/mm 40 ‘213mm 
mode of manufacture, are mixtures of per?uorocyclo- 25 Recorder Speed 15 (ml/min 2,5 GHQ/min 
carbons. For instance, per?uoro-l,3-dimethyl adaman- comwmds 
tane is normally a solid but in mixture with periluoro- (1) PP9 
trimethylbicyclo[3.3.1.]nonane a liquid is formed and (ver?uom I 
this mixture is sometimes referred to simply herein as kz'gmif?ml 8 4 
“DAWN". The designation DAWN comprises these 30 Sample 50 ml 100 m1 
compounds in varying amounts or proportions as re- Peaks 3 7 
vealed by gas chromatography wherein a number of 3.62m 
major and minor peaks are observed representing the Peak! 52 mm 83 mm 
isomers of per?uoro-l,3-dimethyl adamantane and per- :“kz 57 mm 100 mm 

. . eak; 82 min 142 mm 
?uorotnmethylb1cyclo[3.3.1.]nonane. Gas chromatog- 35 PM _ 151mm 
raphy results are exhibited later in TABLE II. Per- Peak; - 158 mm 
fluorocyclo compounds of the type suitable for use in P68“ — 163 mm 
this invention are disclosed in US. Pat. Nos. 3,9l1,l38 M" " ‘68 mm 

. (2) DAWN s s 
and 4,105,798 mentioned above and these patents are (pm-“mm 1,341,. 
incorporated herein by reference. 40 methyladatnantane 
The following TABLE I lists certain presently pre- and p??uofotfi 

ferred perfluorocarbon liquids. methylb'cycb' 
[3.3.1.]nonane) 

TABLE I 
VAPOR 

TRADE CHEMICAL EMPIRICAL MOLECULAR BOILING PRESSURE SPECIFIC REFRACTIVE 
NAMES NAMES FORMULA WEIGHT POINT torr GRAVITY INDEX 

PP9 per?uoro(l-methyl- cnFzo 512 160‘ c. 5.2 1.9720 1.299 at 23' c. 
decalin) (37.5‘ c.) 

DAWN per?uoro(1,3-dimethy1 CuFgo 524 I76‘ C. 2.7 — — 

adamantane) (37.0‘ C.) 
perl'luorotrirnethyl- ClzFzz 562 I77‘ C. 2.5 2.0250 [.3338 at 20‘ C. 
bicyclo[3.3.1.]nonane (37.0‘ C.) 

The above per?uorocarbons are capable of being 
synthesized by either well known chemical or electro 
chemical processes. The chemical processes yield fairly 55 
pure substances of known structure, having well de- Am _ 8 s 
?ned boiling points. Whereas the electrochemical pro- satmgreamn 10 me] [on ma] 
cesses tend to yield a mixture of isomers, the liquids Peaks 1 5 
have well defined boiling points. With respect to gas Retention Time 
chromatography, each liquid is capable of being well 60 Pcaki 115 mm 269 mm 
de?ned by either the packed or capillary column proce- lPf?l — 533 mm 

dure. The standard to de?ne each compound in gas pzaki I 304 chromatography is prepared as follows: 2 microliters of Peak, - 313 mm 

neat hquld are added to Pulkhters mt 1“ a sealed 'Antek 300 Gas Chromatography instrument equipped with Ni63 electron capture 
bottle and allowed to vaporize producing a stock stan- 65 detector 
dard; upon vaporization, 120 microliters of the vapor 
from the stock standard are added to another 120 milli 
liters of air in a sealed bottle producing the working 

"Supelco, Inc. Packed Column 
"'Scienli?i: Glass Engineering Capillary Column 
""pl/ml = picolilers/milliliter 
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The above perfluorocarbons all have in common a 
high solubility for oxygen and carbon dioxide, inertness, 
and RES-phobic properties, as developed above. One 
main property generic to the preference of the ?uoro 
carbons according to this invention over the other fluo 
ro-containing compounds is their chemical structure 
rendering them RES-phobic. As developed in the back 
ground of this invention. RES-phobic fluorinated liq 
uids tend to accumulate in the bodies of animals, princi 
pally in the liver, and to a lesser extent in the spleen and 
the kidneys but leave in an acceptable period of time. 
This is significant because such liquids will not become 
?xed inde?nitely within the cells of an organ. A per 
fluorocyclocarbon or a mixture thereof is preferably 
employed having a vapor pressure within the range of 
about 1 to about 25 torrs at about 35° C. Thus, such 
liquids or mixtures are not only RES-phobic, but upon 
escaping the cell expediently, they will not cause ad 
verse gas collection in the tissue of animals. 
The term “organomine oxide” is a generic expression 

to de?ne cyclic or acyclic amine oxides and substituted 
derivatives thereof. The term “organo” is intended to 
cover in its broadest sense acyclic as well as carbocyclic 
organic moieties whether they contain within their 
structure other atoms such as oxygen, bromine or nitro 
gen, or have substituted groups or side chains. In a 
preferred aspect of this invention, the organoamine 
oxides are lluorinated or poly?uorinated organoamine 
oxides. Organoamine oxides of the broad class which 
may be suitable for use in this invention are described in 
a general way in U.S. Pat. Nos. 3,194,840; 3,547,995; 
3,600,415; 3,778,381 and 3,828,085. A detailed discus 
sion of organoamine oxides or N-oxides appears in the 
literature reference “The Pharmacology and Biochem 
istry of N-Oxides", Pharmacological Reviews, Vol. 21, 
No. 4, 1969 pp. 325-355, by M. H. Bickel. At present, 
there is believed to be no reason to exclude compounds 
from this broad class of amine oxides described in these 
patents because it is believed that the broader aspects of 
this invention include the use of an organic compound 
having an amine oxide group. Thus, the disclosures of 
the amine oxides in the mentioned patents are included 
herein by reference so that a person of ordinary skill 
will understand the intended scope of the invention in 
this regard. It should also be pointed out that certain of 
the amine oxides such as amidoamine oxides have been 
suggested as surfactants in perfluorinated hydrocarbon 
transport agents of the type disclosed in the 1968 edition 
of .l. C. Norman, Organ Perfusion and Preservation, 
referred to in U.S. Pat. No. 3,828,085. However, it has 
not been heretofore suggested or appreciated that amine 
oxides may be employed with perfluorocyclocarbon 
compounds in water to form advantageous oxygen 
transport agents, let alone having the further advanta 
geous and unexpected properties of the compositions of 
this invention as understood in view of the entirety of 
this description. in an especially preferred form of the 
invention, a fluoroamidoamine oxide is employed, in 
particular, having the formula: 
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8 
Hereinafter this compound will be referred to some 
times as “XMO10". 
The invention will be further understood with refer 

ence to the following detailed Examples which illus 
trate its practice and such examples are not considered 
to be limiting. 

EXAMPLE 1 

Two grams of XMOlO were dissolved in 200 ml of 
sterile distilled water. Nine ml of this 1% (w/v) XMOlO 
solution was added to 1 ml of DAWN fluorocarbon 
liquid and sonicated for 10 seconds using a Branson 
sonicator. The resultant solution was clear and transpar 
ent and had a slight pink or bluish cast in certain lights. 
A mouse with a weight of 25.6 grams was injected 

with 1 cc of DAWN/XMO l0 emulsion which is equiv 
alent to a dose of 39.0 cc/kg. The mouse remained in 
good health. 

EXAMPLE 2 

One cc of the 1% XMOIO preparation of Example 1 
was diluted with 9 cc of distilled water, thereby result 
ing in a concentration of 0.1% XMOlO. One cc of 
DAWN was combined with 9 cc of the 0.1% XMOlO 
mixture. When 1 cc of DAWN was added to the 
XMOlO mixture, one could not see any change in the 
layers. whereupon, after sonicating for approximately 
20 seconds, the emulsion was warm-and cloudy. lt re~ 
verted to a clear solution or emulsion when cooled. A 
mouse was injected with 1 cc intravascularly as in Ex 
ample 1. 

EXAMPLE 3 

Other emulsions prepared in the fashion as in Exam 
ples l and 2 were made and even after over one year the 
emulsions are still transparent, or nearly so, and do not 
appear to have changed chemically after being kept at 
room temperature. Furthermore, other mice that have 
been injected with closes on the order of those identi?ed 
in Examples 1 and 2 were still in good health and 
showed only the slightest traces, if that, of fluorocar 
bons according to gas chromatographic with electron 
capture detection techniques which can measure as 
little as 2X 10-15 liters in samples of whole-body trans 
pired air. In comparison, of course, large amounts of 
other ?uorocarbons such as F-tributylamine and even 
measurable amounts of F-tripropylamine as developed 
in the background of this invention still remain after one 
year. It has also been found that the emulsions of 
XMOlO and DAWN can be heated and cooled repeat 
edly with the emulsion becoming more transparent 
while cold and with the system completely reversible. 
Thus, this also demonstrates the stability of these unique 
emulsions. 

EXAMPLES 4- l 3 

A series of 10 ml test tubes were set up containing 
50% by volume of per?uorocarbon liquids identi?ed in 
Table III hereinafter and 50% by volume of a 2% (2 
grams of XMOlO in 100 cc water) water solution of 
XMOlO. The mixtures were sonicated and the results 
are reported in the Table. 

TABLE III 
10 Min. a?er Optical Density 

Example Com- gentle mixinrI after sonication 
No. pound Upper Lower Initial 7 days 9 weeks 

4 FC47 Clear Turbid 32 33 32 



Re. 33,451 
9 10 

. Astonishingly even with a concentration of 50% by 
TABLE III-continued ’ . . _ I _ volume per?uorocarbon hqutd, the DAWN/XMOlO 

lo "mud?" 0pm’! Pen?“ liquid was a nearly transparent emulsion or solution 
Example Com- gentle mixing after sonteation . . . . . 
No pound Upper Lower Initial 7 days 9 weeks which was obtained almost without any sonication. The 

' _ 5 DAWN/XMOlO preferred composition of this inven~ 
5 PPS ck“ Turbld 8'0 8‘5 9‘3 tion remained without visible change for several 
6 PP9 Clear Turbld 6.0 6.0 6.0 
7 Fcao Clem. Turbid 56 53 72 months. All of the other perfluorocarbons tested ac 
s PlD Clear Turbid 79 78 75 cording to Table III formed milky emulsions which 
9 PHD Clear Turblé 52 54 52 were vastly different in appearance. Other emulsions or 

i‘: I; 1:32;: :33 2: if,’ 10 solutions of DAWN and XMOlO made at other times 
12 DAWN Char CM, 006 (126 ‘H were also transparent and showed similar stabilities. 
13 PFOB Ciear Turbid 16 is 21.5 The structure of XMOlO which was identi?ed above 

was analyzed to verify its chemical constituents. 

DW$1IiJref3r;i§/F 0to "lgtblle 1:1, rvlvitll: tthe exceptign of 1S EXAMPLES 14.73 A an 10 0t 0 w ic ave beeni enti- . . 
?ed above the follovaing per?uoro chemicals are idem The table of data which follows further illustrates the 

9 - - . - ' . . 

ti?ed: perfluorotributylamine (FC47), per?uorodecalin ?nnclplesbof thlfnlinvenugn Tlgfjmpanson “210th? Egg 
(PPS), perfluoro l-methyldecaline (PP9), per?uorotet- Tam?“ °“S'b e PT‘ 1 means pghimr‘l‘l‘a e ' 
rahydrofuran (FC80), perfluoroether (PID) 20 ‘Sad uorocar 1°“ gaf‘rhy éogz?eocig welgb w get: 
[(CF3)2CF0CF2(CF2)2CF;0CF(CF3);], per?uoro- 5;’ ‘I was §mPt°Ye -. the ‘’ l. “(as T1}; we? 1 ether V0 glue 0 W3 e1‘ 35.11! C ca!‘ 161' examp CS. E Op 103 

per?uoropolymer (E3) density was determined at 540% at room temperature. 
At the end of a brief sonication of about 10-90 seconds, 
an initial determination of optical density was made 

CF3 25 (Min) and a later determination (Mac) was made after 
[CF3CHF(OCF2CF)2OCF2CF1CF3], per?uoropolymer (E4) a number of days as indicated in TABLE IV. The other 

commercial designations have been identi?ed above, as 
‘3:3 well as DAWN. 

[CF3C1-IF(OCF1CF)3OCFZCF2CF3, octyl bromide (octyl hr), 
and perfluoroetherpolyrner (Fomblin Y/01). 

TABLE IV 
EMULSION OPTICAL DENSITY 

% ?uorocarbon % XMO10 Range Time 
ml/ 100 m1 Fluorocarbon w/v Initial Min. Max. (Days) 

10% F-1-methyl-4-t-butylcyclohe1tane 2% 0.90 0.90 1.50 81 
10% F-tetramethylcyclohexane 2% 1.70 1 .70 2. 80 8 1 
10% F-m-diisopropylcyclohexane 2% 2.00 2.00 3.20 49 
10% F-p-diisopropylcyclohexane 2% 2.30 2. l0 4. 20 49 
10% F-trimethylcyclohexane 2% 0.55 0.55 9.60 31 
10% F-n-butylcyclohexane 2% 7.00 7.00 12. 50 49 
10% F-lwpropylcyclohexane 2% 5.00 5.00 1 5 .00 49 
10% Frdimethylcyclohexane 2% 1.00 1.00 3 3 .00 81 
10% F-keroaine (low boiling) 2% 12.60 12.60 20.75 99 
10% F-kerosine (high boiling) 2% 0.78 0.78 2.50 99 
10% F-tripropylamine 2% 10.00 10.00 27.00 99 
10% F-dimethylcyclohexylmethyl amine 2% 2.60 2.60 11.00 99 
10% F-n-ethylrnorpholine 2% 10.50 10.50 62.00 99 
10% F-heptane (mixed isomers) 2% 21.00 21.00 48.00 99 
10% F-n-nonane 2% 6.20 6.20 21.00 102 
10% F-2.2,4,4 tetramethylpentane 2% 5.40 5.40 17.00 102 
10% F-isopmpyl-4-bromobutylether 2% 6.60 6.60 20.00 90 
10% F-dimethylbicyclodecane 2% 0.80 0.30 1.90 120 
10% F-decalin 2% 1.30 1.00 8.40 175 
10% F-dirnethyldecalin 2% 0.64 0.58 1.50 201 
10% F-dimet hyladarnanane/F~dimethylbicyclo- 2% 0.43 0.37 l .20 230 

nonane(l:l) 
10% DAWN 2% 0.025 0.02 0.075 229 
5% w/v F-adamantane 2% 0.112 0.82 ~2.00 131 
5% w/v F-methyladamantane 2% 0.20 0.20 0.80 131 
5% w/v Fdimethyladamantane 2% 0.05 0.02 0.50 131 
50% DAWN 2% 0.04 - _ - 

50% F-octylbromide 2% 25.00 — — —— 

50% B4 2% 57.00 _ - - 

50% E3 2% 69.50 - - - 

50% PHD 2% 52.00 - - _ 

50% PID 2% 79.00 - - - 

50% F080 2% 56.00 - ~ - 

50% F-decalin 2% 11.00 _ - _~ 

50% F-methyldecalin 2% 6.00 — —- — 

50% FC-47 2% 33.00 - - - 

10% PID 1% 29.00 20.00 28.00 125 
10% PIID 1% 12.00 12.00 19.00 125 
10% F-bicyclodecane 1% 4.40 7.80 125 
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TABLE IV-continued 
EMULSION OPTICAL DENSITY 

% Fluorocarbon % XMOIO Range Time 

ml/ KX) ml Fluorocarbon w/v Initial Min. Max. (Days) 

10% F-decalin 1% 4.60 4.00 5.30 125 
10% F-dimethylbic yclononane l % 2.60 2. 60 4.30 125 
10% DAWN 1% 0.09 0.07 0.11 125 
10% F-dirnethyldecalin 1% 1.50 1.40 2.10 126 

The above tabulated data demonstrates quite clearly 
that extremely stable emulsions are prepared from per 
fluorocyclo derivatives in combination with an or 
ganoamine oxide and such stability exists for long peri 

stood by reference to the above patents cited in the 
description. 

In view of the above detailed description, it will be 
ods of time in comparison to other perfluorocarbon 15 come apparent to a person of ordinary skill that other 
liquids. Amounts of perfluorocarbon from about 10 to modi?cations may be made without departing from the 
50% and from about 1 to 10% XMOlO may be em- spirit and scope of this invention. 
ployed, and even as little as 1-2% to obtain substantially What is claimed is: 
transparent mixtures. More particularly, the preferred 1. A gas transport agent liquid composition contain 
DAWN composition exhibits a stability far exceeding 20 ing a tricyclic or quadricyclic per?uorocyclocarbon and 
the stability of any of the perfluorocarbons tested. The an organoamine oxide. 
compositions are relatively non-toxic and non- 2. The composition of claim 1 wherein said oxide is a 
hemolytic. fluoroorganoamine oxide. 

In connection with the measurement of optical den- 3. The composition of claim 1 wherein said oxide is a 
sity, it should be understood that optical density (2 2S poly?uoroamidoamine oxide. 
minus the log of the transmission) is commonly used in 4. The composition of claim 3 wherein the oxide is 
colorimetry because there is usually a linear relation de?ned by the formula 
between inceasing optical density and increasing con 
centrations of a colored substance. In the data above, it 
is a measurement of the opacity of the solution or emul- 30 ll 
sion, or whatever the state may be. The smaller a parti- C3F7O(CF2)3CNH(CH2)3“CHM 
cle, the more transparent the solution, emulsion or mi 
croemulsion, as the case may be, until a point where it 0 
is so transparent that it cannot be distinguished from 
water, for instance. The term “transmission" is not used 35 5. The composition of claim 1 wherein the per 
much but it is easier to understand in a way because at ?uorocyclocarbon is a perfluorinated compound se 
l00% transmission (0.D.=2-log l00=2-2=0) the sam- lected from the group consisting of an adamantane, 
ple is water clear. If not completely transparent, the substituted adamantane, [decalin, substituted decalin, 
instrument is often set to read at 100% transmission and bicyclononane, substituted bicyclononane,] and mix 
as color or opacity (like milk) is increased, the transmis- 4O tures thereof. 
sion decreases until it reached 0. At this point the opti- 6. The composition of claim 1 wherein said per 
cal density is 2-log of 0=2-0=2. To read the opacity of fluorocyclocarbon is a solid. 
emulsions beyond this point, it is necessary to either 7. An oxygen transfer agent liquid composition com~ 
dilute them or use a shorter light path than for instance prising water, [a major amount of] a tricyclic or quadri 
a 1 cm light path. Because of the complications which 45 cyclic perfluorocyclocarbon, and [a minor amount of] 
may be introduced by dilution factors which may an organoamine oxide. 
change particle size, it was preferred to use a shorter 8. The composition of claim 6 wherein said per 
light path in determining the optical density. If a solu- fluorocyclocarbon is contained in an amount of from 
tion has an optical density of 1.7 in a 1 cm cell, it will about 10 to about 50% and said oxide is present in an 
have an optical density of 0.17 in a 0.1 cm cell. Hence, 50 amount of from about 1 to 10%. 
if 1.7 is measured in a 0.1 cm cell, the opacity density by 9. The composition of claim 7 wherein said amine 
this method becomes 17. It is practical to use a light oxide is a poly?uoroorganoamine oxide. 
path down to 0.05 cm or even to 0.01 cm in routine 10. The composition of claim 9 wherein said amine 
work in the laboratory. Therefore, optical density mea- oxide is a polyfluoroamidoamine oxide. 
surements reported in TABLE IV above were made 55 11. The composition of claim 7 wherein the per 
with varying light paths and the results were mathemat- ?uorocyclocarbon is selected from a perfluorinated 
ically made comparable. The compositions of this in- compound selected from the group consisting of an 
vention are especially useful as stated above for arti?c- adamantane, substituted adamantane, [decalin, substi 
ial blood. However, they also have utility as other oxy- tuted decalin, bicyclononane, substituted bicyclono 
gen or gas transfer agents in the body and for treatment 60 nane,] and mixtures thereof. 
of various conditions such as ischemia, shock, heart 12. The composition of claim 7 wherein said per 
attack, stroke, and other such conditions where oxygen- ?uorocyclocarbon is [selected from the group consist 
ating the tissue is important. Further in the broadcast ing of per?uoro(methylcyclohexane), per?uoro(1,3 
sense, other uses will become apparent for these liquids dimethylcyclohexane), per?uoro(decahydronaphtha 
as gas transfer agents in view of their high solubility for 65 lene), perfluoro(decahydro-l-methylnaphthalene), per 
oxygen, carbon dioxide and other gases. Furthermore, 
the capability of the per?uorocarbons employed above 
as gas transport agents in animals may be further under 

?uoro(decahydrodimethylnaphthalene),] per 
?uorodimethyladamantane[, per?uorotrimethylbicy 
clo[3.3.l.]nonane, per?uorotetrahydrodicyclopentadi 
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ene, per?uorobicyclo[5.3.0.]decane and per?uorodime 
thylbicyclo[3.3.1.]nonane, or mixtures thereof]. 

13. The composition of claim 7 wherein said per 
?uorocyclocarbon is a mixture of per?uorodime 
thyladamantane and per?uorotrimethylbicyclo[3.3.l. 
]nonane. 

14. An arti?cial blood liquid composition comprising 
water, a tricyclic or quadricyclic per?uorocyclocarbon 
and an organoamine oxide wherein said tricyclic or quad 
ricyclic per?uorocyclocarbon and organoamine oxide are 
present in said artificial blood liquid composition in 
amounts which are nontoxic to an animal when said arti 
ficial blood liquid composition is infused into the animal. 

15. The composition of claim 14 wherein said per 
fluorocyclocarbon is contained in an amount of from 
about 10 to about 50% and said oxide is present in an 
amount of from about I to 10%. 

16. The composition of claim 14 wherein said amine 
oxide is a poly?uoroorganoamine oxide. 

17. The composition of claim 16 wherein said amine 
oxide is a poly?uoroamidoamine oxide. 

18. The composition of claim 14 wherein the per 
?uorocyclocarbon is selected from a per?uorinated 
compound selected from the group consisting of an 
adamantane, substituted adamantane, [decalin, substi 
tuted decalin, bicyclononane, substituted bicyclono 
nane,] and mixtures thereof. 

19. The composition of claim 14 wherein said per 
?uorocyclocarbon is [selected from the group consist 
ing of per?uoro(methylcyclohexane), per?uoro(l,3 
dimethylcyclohexane), per?uoro(decahydronaphtha 
lene), per?uoro(decahydro-l-methylnaphthalene), per 
?uoro(decahydrodimethylnaphthalene),] per 
?uorodimethyladamantane[, per?uorotrimethylbicy 
clo[3.3.l.]nonane, perfluorotetrahydrodicyclopentadi 
ene, perfluorobicyclo[5.3.0.]decane and per?uorodime 
thylbicyclo[3.3.1.]nonane, or mixtures thereot]. 

20. The composition of claim 14 wherein said per 
?uorocyclocarbon is a mixture of per?uorodime 
thyladamantane and per?uorotrimethylbicyclo[3.3.l. 
]nonane. 

21. A room temperature stable arti?cial blood liquid 
composition comprising an aqueous mixture containing 
a [major amount of a] tricyclic or quadricyclic per 
?uorocyclocarbon and [a minor amount 0t] an or 
ganoamine oxide wherein said tricyclic or quadricyclic 
per?uorocyclocarbon and organoamine oxide are present 
in said room temperature stable artificial blood liquid 
composition in amounts which are nontoxic to an animal 
when said room temperature stable artificial blood liquid 
composition is infused into the animal. 

22. The composition of claim 21 wherein said per 
?uorocyclocarbon is contained in an amount of from 
about 10 to about 50% and said oxide is present in an 
amount of from about 1 to 10%. 

23. The composition of claim 21 wherein said amine 
oxide is a poly?uoroorganoamine oxide. 

24. The composition of claim 23 wherein said amine 
oxide is de?ned by the formula 

25. The composition of claim 21 wherein said per 
?uorocyclocarbon is [selected from the group consist 
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ing of per?uoro(methylcyclohexane), per?uoro(l,3 
dimethylcyclohexane), per?uoro(decahydronaphtha 
lene), per?uoro(decahydro-l-methylnaphthalene), per 
?uoro(decahydrodimethylnaphthalene),] per 
?uorodimethyladamantane[, per?uorotrimethylbicy 
clo[3.3. 1.]nonane, per?uorotetrahydrodicyclopentadi 
ene, per?uorobicyclo[5.3.0.]decane and per?uorodime 
thylbicyclo[3.3.l]nonane, or mixtures thereof]. 

26. The composition of claim 21 wherein said per 
?uorocyclocarbon is a mixture of per?uorodime 
thyladamantane and per?uorotrimethylbicyclo[3.3.l. 
]nonane. 

27. A room temperature stable arti?cial blood liquid 
composition comprising an aqueous mixture containing, 
a major amount of a per?uorocyclocarbon mixture of 
per?uorodimethyladamantane and per?uorotrimethyl 
bicyclo[3.3. 1.]nonane and a minor amount of a fluoroor 
ganoamine oxide wherein said per?uorocyclocarbon mix 
ture and ?uoroorganoamine oxide are present in said room 
temperature stable artificial blood liquid composition in 
amounts which are nontoxic to an animal when said room 
temperature stable artificial blood liquid composition is 
in?tsed into the animal. 

28. The composition of claim 27 wherein said amine 
oxide is a poly?uoroamidoamine oxide. 

29. The composition of claim 28 wherein said oxide 
de?ned by the formula 

O 

30. The composition of claim 29 wherein the per 
?uorocyclocarbon mixture is contained in an amount of 
from about 10 to 50% and the oxide is contained in an 
amount of from about 1 to 10% to obtain a substantially 
transparent liquid. 

31. The composition of claim I wherein said per?uorocy 
clocarbon is phenanthrene. 

32. The composition of claim 7 wherein said per?uorocy 
clocarbon is phenanthrene. 

33. The composition of claim 14 wherein said per 
?uorocyclocarbon is phenanthrene. 

34. The composition of claim 21 wherein said per 
?uorocyclocarbon is phenanthrene. 

35. A gas transport agent liquid composition containing 
a per?uorocyclocarbon and an organoamine oxide, said 
per?uorocyclocarbon is a non-aromatizable per?uorinated 
polycyclic compound having 9-18 carbon atoms and at 
least two bridgehead carbon atoms linked through a bridge 
containing at least one carbon atom. 

36. A composition of claim 35 wherein said oxide is 
poly?uoroomidoamine oxide. 

37. A composition of claim 36 wherein the per?uorocy 
clocarbon is a per?uorinated compound selected from the 
group consisting of an adamantane, substituted adaman 
tane and mixtures thereof 

38. A composition of claim 3 6 wherein said per?uorocy 
clocarbon is contained in an amount of from about 10 to 
about 50% and said oxide is present in an amount of from 
about I to 10%. 

39. An oxygen transfer agent liquid composition com 
prising water, a per?uomcyclocarbon and an organoamine 
oxide, said per?uorocyclocarbon is a non-aromatizable 
per?uon'nated polycyclic compound having 9-18 carbon 
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atoms and at least two bridgehead carbon atoms linked 
through a bridge containing at least one carbon atom. 

40. A composition of claim 39 wherein said oxide is 
poly?uoroamidoamine oxide. 

41. A composition of claim 40 wherein the per?uorocy 
clocarbon is a per?uorinated compound selected from the 
group consisting of an adamantane. substituted adaman 
tane and mixtures thereof 

42. A composition of claim 40 wherein said per?uorocy 
clocarbon is contained in an amount of from about 10 to 
about 50% and said oxide is present in an amount of from 
about I to 10%. 

43. An artificial blood liquid composition comprising 
water. a perfluorocyclocarbon and an organoamine oxide. 
said perfluorocyclocarbon is a non-aromatizable perfluori 
nated polycyclic compound having 9-18 carbon atoms and 
at least two bridgehead carbon atoms linked through a 
bridge containing at least one carbon atom wherein said 
per?uorocyclocarbon and organoamine oxide are present 
in said artificial blood liquid composition in amounts 
which are nontoxic to an animal when said artificial blood 
liquid composition is infused into the animal. 

44. A composition of claim 43 wherein said per?uorocy 
clocarbon is contained in an amount of from about 10 to 
about 50% and said oxide is present in an amount of from 
about 1 to 10%. 

45. A composition of claim 43 wherein said oxide is a 
per?uoroamidoamine oxide. 

46. A composition of claim 45 wherein the pety‘luorocy 
clocarbon is selected from a per?uorinated compound 
selected from the group consisting of an adamantane, sub 
stituted adamantane and mixtures thereof 

47. The composition of claim 35 wherein said perfluori 
nated compound is selected from the group consisting of 
bicyclononane, methylbicyclononane, trimethylbicy 
clo[3.3.1.]nonane, tetrahydrodicyclopentadiene, bicy 
clo[5.3.0.]decane and dimethylbicyclo[3.3.l.]nonane, or 
mixtures thereof 

48. The composition of claim 3 9 wherein said pergfluori 
nated compound is selected from the group consisting of 
bicyclononane, methylbicyclononane, trimethylbicy 
clo[3. 3. 1. ]nonane, tetrahydrodicyclopentadiene, bicy 
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clo[5.3.0.]decane and dimethylbicyclo[3.3.1.]nonane, or 
mixtures thereof 

49. The composition of claim 43 wherein said per?uori 
nated compound is selected from the group consisting of 
bicyclononane, methylbicyclononane, trimethylbicy 
clo[3.3.1.]nonane. tetrahydrodicyclopentadiene, bicy 
clo[5.3.0.]decane and dimethylbicyclo[3.3.1.]nonane, or 
mixtures thereof 

50. A gas transport agent liquid composition containing 
a per?uorocyclocarbon and an organoamine oxide. said 
perfluorocyclocarbon is a per?uorinated polycyclic com 
pound containing at least 12 carbon atoms. 

51. A composition of claim 50 wherein said oxide is 
perfluoroamidoamine oxide. 

52. A composition of claim 50 wherein said per?uorocy 
clocarbon is contained in an amount of from about 10 to 
about 50% and said oxide is present in an amount of from 
about 1 to 10%. 

53. An oxygen transfer agent liquid composition com 
prising water, a perfluorocyclocarbon and an organoamine 
oxide, said per?uorocyclocarbon is a per?uorinated polycy 
clic compound containing at least 12 carbon atoms. 

54. A composition of claim 53 wherein said oxide is 
poly?uoroamidoamine oxide. 

55. A composition of claim 53 wherein said per?uorocy 
clocarbon is contained in an amount of from about 10 to 
about 50% and said oxide is present in an amount of from 
about I to 10%. 

56. An artificial blood liquid composition comprising 
water, a per?uorocyclocarbon and an organoamine oxide, 
said perfluorocyclocarbon is a per?uorinated polycyclic 
compound containing at least 12 carbon atoms and said 
per?uorocyclocarbon and organoamine oxide are present 
in said artificial blood liquid composition in amounts 
which are nontoxic to an animal when said artificial blood 
liquid composition is infused into the animal. 

57. A composition of claim 56 wherein said oxide is 
poly?uoroamidoamine oxide. 

58. A composition of claim 56 wherein the per?uorocy 
clocarbon is contained in an amount of from about 10 to 
about 50% and said oxide is present in an amount of from 
about 1 to 10%. 
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