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Brominated perfluorocarbon coppoundr u e  a new md unique 

type of contrast agents. 

fnert  and chemically stable. Highly concentrated (8:l t o  1O:l 

by volume) o i l  Ln water emulsions have been found t o  be s table  

and non-irritatfng and useful in bronchography in humans .ad 

aniuuls and in mgiography in a n h l  studies. Tbe physical 

properties of these unusual emulsions have been inve8tig.t.d. 

The emulsion8 have nm-Newtonian properties, law interfacial  

tensLoas and a broad distribution of p u t i c l e  size. 

These compouadr are bfologfcally 

The emulsion, as w e l l  as the pure ~ ~ ( ~ ~ ~ o u n d s ,  hu been the 

subject of an IND application w i t h  the Food and Drug A d e i a i s t t a -  

tion. 

chography and the pure compound8 in alveolography md gutroen-  

terography are on going and are  in Phaae 1% of the IM). 

The investigations on the use of the cmulsion in bron- 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



OBJECTIVES 

The object of thia  paper ia t o  report  QI nn krocrtigation 

aa the uae of parfluaroctyl bromide (see Figure 1) mulr ioa u 

a radiopaqua medium SQIW p h y r h l  p r o p a t i e a  and method of 

prepuatlon. 

Brcdnated perfluorocuboa campound. are a new and unique 

type of c o n t r u t  agarta. 

~ ~ U C T I O N  AElo BACiiR@JND 

E u l y  this year, Loag and co -works ,  in c o a p e r a t b  with 

the University of I l l i no ia ,  Xmufacturing PhPtmacy Semite, 

f i l ed  ma invast1gation.l drug application for  L1913, parfluor- 

OCtgl hopid. fOX 8pWifiC We U radio COPVmt d f U m  h 

gutroanterography and alveolography, m d  the e1d8ionr Mda 

from it, in brapchography. 

The applicatias v u  approved and humma investigation is now 

In progresa mad ia in Phue 21 of the MD. 

Perfluoroctyf bromide %a a 1-brow substi tuted member 

of the f d l y  of fluorocub- which have been i n o u t i g r t e d  

in the h a t  decrd. for  a p p l k a t i a u  baaed oa i t 8  oxygen dia- 

rolving capacity. C l a r k  and ca ro rke ra  (1, 2) have ahown 
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PEICFLUOROCTYL BBOMfDE -IONS 

tha t  pure fluarocorbms which are perfluoro homologr of 

allunes, cycloalkaner and some aromatic hydrocarbons, dis-  

solve enough oxygen to  support the respirat iaa  of ent i re  

animals and of isolated organs. 

pure compounb as w e l l  a8 O/U emulsions with Ringers Solu- 

t ion,  5% Glucose, or Water as auueous phase; and Uymdotte's 

Pluronic F68, Allied Chemical's ASA, or albumin a6 emulsi- 

fying aEents. 

in various materi.ls--we note that  oxygen dissolves t o  the 

extent of 3 m1/100 of plasma; 

but 50 m l / l O O  m l  of fluorocarbons. Note that  oxygen is very 

soluble in haemoglobin i t s e l f ,  but after dilution with 

plasma, the solubi l i ty  of oxygen drops. 

They studied the various 

In  Table I, ve show the solubi l i ty  of oxygen 

20 m l / l O O  ml in whole blood, 

Based on the establishmcnt by Clark and co-workers of 

the safety in tile use of perfluorocarbons, Loag and others 

(3) obtained from the 3H Company seven bromosubstituted cm- 

pounds as shown in Table 11. 

t o  provide the radiopacity. 

The bromine atom WUI introduced 

Note that  the c h b l e n g t h s  

TAELZ I 

SOLUBILITY OF OXYGEN IN VARIOUS HATERIALS 

W t e r i a l  d Oxyzen/100 m l  

S a l t  w a t e r  or plosmp 3 
Vegetable o i l s  10 
Whole blood 20 
Silicone O i l 8  20 
Fluorocarbons 50 
Bunun haernoglobin 134 
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TABLE 11 

BRQ3MITBD FLUOROCARB(IEsS IMlESTIGATED FOR POSSIBLE 
USE AS RADIOPAQUE AGENTS 

Formula Code N u m b s t  

1913 
2529 
2501 
2499 

2351 

2502 

F F  

2500 CF3CWRCP2BR 

vary fra 2 to 8. 

tives; 

Thur are  moaobroma and dibromo deriva- 

of the dlbrow derivatives, same are contiguous. 

TIE ISTIGATION 

Lcms and co-vorkers (4) rtudied these vuious brominntrd 

p a f l u o r o c r r b a u  od found that where- all  of them w e r e  

rdiopaque, the toxicity of wm of the coqounds prevmtcd 

their \uefulnasr u rdio-caatrue media. In Table 111, we 
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TABLE 111 

Lo1913 
2351 
2499 
2500 
2501 
2502 
25 29 

764 
4-16 

16-32 
< 4  
n64 
< 4  

764 

Toxicity: 1913 a d  2529 < 2501 < 2499 < a 5 1  < 2502-2500 

rhaw the 50 per cent lethal dose after oral administration 

of the vulour compountb to  non-plesthetlzed albfiro rats. 

We note that the most toxic ir compound 2500 md h 0 2  with 

an LD50 of less thgl 4 d/Kg body weight of albino rats. 

The L2500 and L2502 are the 1,2-dibromo perfluoropropane md 

1 , 2 - d i b r ~ ~ f l u 0 r o  cyc1oh-e. Thin Sugge8tB that thr 

compound. w i t b  contiguous dlbramo-rubstituentr .ra the sost 

toxic. 

The safest appeared to  be L1913 and L2529, uhich are the 

perfluoroctyl bramidc and perfluorohexyl bromide respectively, 

with L D ~ O ' B  of greater than 64 o l  per Kg. A. It turned out, 

however, the h-e derivative vu much too volati le and 

tended to  vaporize irr the body. 

The choice than, of working with perfluuroctyl bromide 

becomes clear af ter  the  foregoing data on toxicity. Thi. 

compound, perfluotoctyl bromido which has a boiling point of 

141' C, a density almost *ice that of watez, 1.928 wheu 
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nvrrured A t  25' C and an i n t e r f ac i a l  tension against air of 

1S.2 dynes per centimeter, hu been reported on by Roren (5). 

me pure l iquid was qui te  heavy and "aeeps." 

t o  be useful in gastrointest inal  and alveolar roentgenography 

in animals. An approximately 1 O : l  o i l  in w a t e r  emulsion, 

with a markedly changed theological properties when canpared 

t o  the pure compound, waa used in bronchographic studies, a l so  

in animals. 

It waa shown 

Sine4 th i s  study is principally focused on the emulsion 

prepared from puf luo roc ty l  bromide and an aqueous phaae 

coluisting of 6% Pluroaic F68 fa Sodium Chloride Lnjectim, 

some of the phyaical properties atudied are reported. 

IMZRFACW TEN SZON 

X n t e r f u k l  tension nmaaurements, using a Cenco-duUois ten- 

sfomrt4r wore d e  and are shown on Table IV. The in t e r f ac i a l  

tenaion of L1913 va air of 19.6 dynes/cm when measured in a 

DuNois tensi-ter at 27.2' C, and the value of 35.6 dynes/cm 

when measured against w a t e r ,  suggests that  large amounts of 

energy u w l d  bo requirod t o  break up tnc bulk fluoroearboa 

for dlsperoing rr .IL eaulsion. 

rhich was obtained when vuurtng t he  interfacial tension be- 

Worn the fluorourboD and 6% Pluronic P68 fn saline shoved 

that puch less energy warld h w o  t o  be required fcn emulsifica- 

ticm. 

dramatically dropped the in t e r f ac i a l  tension. 

The value of 5.2 dynes/co however, 

The addition of the 6% Plurar ic  t o  the aqwoua phaae 
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PEBFLUOROCTYL BROMIDE KHULSIONS 

TABLE Iv 

SURFACE TENSION MEASUREMENTS: L1913 FLUOWCARBON 

Phases T (dynes/cml Temp. ( 9  C) 

A. L1913 - air  19.6 
B. L1913 - water 35.6 
C. L1913 - 6% Plutonic  F68 <5.F 
D. 6% Plutonic  F68 - air  39.3 

* 5.2 dyneslcm probable upper bound 

27.2 
27.8 
28.0 
28.0 

PETHOD OF PREPARATION OF THE ENULSION 

The sterile emulsion w a s  prepared by f i l t r a t i o n  of the  

fluorocarbon and the  aqueous phase through a pre-s te r i l i zed  0.20 

micron Gelman f i l ter  using a 4- Mill ipore holder with the  a i d  

of a vacuum pump in a C l a s s  100 v e r t i c a l  laminar air flow 

environment. A 2:l nucleus was then prepared by mi l l ing  while 

cool ing in a Gifford-Wood homomixer fo r  about 2 hours at 70% 

power. A white opaque emulsion w a s  obtained. Higher concen- 

t r a t ions ,  up t o  l O : l ,  w e r e  prepared by ca re fu l ly  mixing ad- 

d i t i ona l  fluorocarbon t o  the nucleus emulsion in a s te r i le  

beaker with the  a id  of a sterile spatula. Other methods fo r  pre- 

paring fluorocarbon e w l s i a n s  have been reported by Clark (6) 

and Geycr (7). 

vIscosm 
As a fur ther  e f f o r t  t o  s tandardize the  emulsions, vis- 

cos i ty  measurements were made on a Haake Rotwisco  apparatus 

f o r  which we thauk the  DeSoto, bc., of  Desplaines fo r  d i n g  

one avai lable .  A 2:l emulsion using an “(1) reducer with a 
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#SO0 head and an B:1 emulsion wing  an MV(II1) reducer with a 

1500 head were studied. The r e su l t s  are shown in Figure 2. 

The apparent viscosity of a Newtonian f luid is not af-  

fected by the shear rate. 

parant viscosity of the emulsions studied were influenced by 

thc rate of shear and, therefore, were nondewtonian. In a 

less obvious way, the r e su l t s  suggest that  the emulsion be- 

comes l e s s  Newtonian as the concentration increases. 

The r e su l t s  shoved tha t  the ap- 

In the 8:1 emulsion, the apparent viscosity drops from 

150,000 t o  2,000 centipoise when the shear rate is increased 

f rom 0.16 t o  26 p e r  second. Xn the 2:l emulsion, the apparent 

viscosity decreased from 13,000 to  about 440 when the shear 

r a t e  is increased from 0.8 t o  137 per  second. 

DENS ITI - 
The real r a t i o  of fluorocarbon t o  aqueous phasc in the 

completed emulsion w a s  determined from dcnsity measurements. 

This r a t i o  could not have been determined from the  amount of 

s t a r t i ng  materials wing  t o  the v o l a t i l i t y  of the fluorocarbon 

and to  unavoidable procesnfng losses. As Table V shows, 

calculating the actual r a t i o  from density figures obtained by 

pycnocnatry allova mare precise r a t io s  than nominal figures 

t o  be obtained. 

Amarg the parameters studied t o  establish reproducibil i ty 

in the preparatiao of the emulsions, w a s  pa r t i c l e  s i ze  d i s t r i -  

butiaa. This was accomplished by obtaining aliquots which are 

diluted with d b t i l l e d  water and stained with methyl green. A 
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PERFLUOROCTYL BROMIDE PMhSIONS 

Apparent 
viscos i t y  
(cent ipois e) 

1,000,000. 

100,000~ 

10,000 

1.000 

100 

10 

1.0 

I 1  I \  I 1  I 
1.0 10 100 1 100 

Shear rate (sec'l) 

Figure 2. Viscosity of perfluoroctyl bromide emulsions. 
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ARAHBllLo ETAL. 

TABLE V 

DENSITY OF VARIOUS EMULSIONS OF L1913 

Composition 
Material D e n s i t y  Tern. C LCalculated) 

L1913 (pure) 1.928 25 100 
6% Pluronic F68 (saline) 1.014 25 100 
2:l (nominrl composition) 1.167 24.2 1.94:l 

I1 

I1 

11 

6:l 1.796 22.2 5.93:l 
8:l 'I 1.823 21.6 7.80:l 

l0:l I t  1.929 23.2 9.36: 1 

portioa is then placed on a s l i d e ,  a cover s l i p  put in place,  

and then v i d  under an oil-irmersFan objective of a phase 

microrcope . 
A typ ica l  p a r t i c l e  s i z e  d i s t r ibu t ion  of a 2:l "nucleus" 

emulsion is shovn on Table V I .  W e  note t h a t  about 55% of the  

particles counted are under 0.7 microns (700 Nanoaeters). 

TABLE V I  

TYPICAL PARTICLE SIZE DISTRIBUTION OF A 2:l 
(ON) EHULSSW OF L1913 

- Microns 7. 

(0.7 
0.7-1.4 
1 -4-2.8 
2.8-4.2 
4.2-5.6 
5.6-7.0 

> 7.0 

65.40 
23.90 

7.80 
1.90 
0.39 
0.50 
o* 

mereas the  t ab le  shave no par t i c l e s  of t h i s  
diameter, the wthod does not  allow obtaining 
p a r t i c l e s  of l a rge  s i zes  in the  sample. 
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PERFwToBOcTfL BROMIDE =IONS 

Part ic les  between 0.7 and 1.4 microns (700-1400 Nenometers) 

make up nearly 242. 

tween 1.4 and 7.0 (1400 t o  7000 lanometets). 

The rest of the par t ic les  counted are be- 

The radiographic quali ty of emulsions of perfluoroctyl 

bromide a f t e r  administration in animals and in man are  Shawn 

i n  Figures 3, 4, and 5. 

Figure 3 shows a radiophotograph of a rabbi t  after intra- 

This plate  was taken 4 venous administration of the emulsion. 

hours a f t e r  slaw administration of a 6:l emulsion a t  a dose 

level  of 5 ml/Kg.  The spleen is clear ly  opacifiad. This 

usually occur8 within 30 minutes and remains for 4 weeks. 

Histologic cxomination shows thot opacificatiar is due t o  

rcticulo-endothileal removal of the fluorocarban particles.  

The l i ve r  does not pick up any fluorocarbon. 

Figure 4 shows a bronchogram of a dog. The contrast 

a&ent is an 8:l emulsion. 

minutes af ter  endotracheal injection. We believe that  the 
excellent de t a i l  i s  due co the resistance of the emulsion t o  

flow and t o  its high coating tendency. 

generation branching are demonstrated. 

This branchopam was taken 10 

Fourth and f i f t h  

Figure 5 shows a bronchogram of a human patient with a 

lung obcess in the middle lobe. 

emulsion of L1913 was administered a f t e r  informed consent 

was obtained. Topical anesthesia of the upper airway and 

tracheobronchial t ree  was obtained w d  a catheter was passed 

into the trachea under fluoroscopic control. Note the defini- 

t ion of the bronchial t ree  in the upper lobe which is shown t o  

Twenty-two m l  of a 1 O : l  
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be normal. The middle lobe shows atelectasis. There is con- 

trmt mixing in the abcess which is situated anteriorly in 

the aiddls lobe. The 8ir-f luid can be seen at the middle 

level of the abcsss. 
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PERFLUOROCTPL BRMIDE -IONS 

Figure 4. Dog - ten minutes after endotracheal in- 
jection of 8:l emulsion. 

CONCLVS ION 

This investigation has provided some insight into aspects 

of radiographic investigative activities in addition to  radio- 

graphy i t s e l f  inciuding the selection of a canpound, the 

preparation of a dosage form, and the establishment of its 

physical properties. 
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Figure 5. Nan - after c n d o t r a c h u l  administration 
of 22 rl 1 O : l  enNlsion. 
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