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Sztttiiiiary. Rats exposed to 6 I1.p.m. ozone 
by volume for 4 hours developed severe piil- 

monary edema and hemorrhage with signifi- 
cant increases in lung weight, lung protein 
content, and lung 5-HT when related to body 
weight. Ozone exposure was found to de- 
crease RIA0 activity: this mas an effect of 
dilution by edema rather than destruction of 
the enzyme. Ozone espmire did not alter 
blood 5-HT content. Possible mechanisms 
involved in the lung S-HT increase after es- 
posure to ozone were discussed briefly. 
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Passage of Thiopental and Barbital lnto Ocular and Cerebrospinal Fluids 
of Ilog." (26573) 
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The passage of barbital and thiopental into 
ocular and cerebrospinal fluids was investi- 
gated in order to extend previous studies of 
the passage of barbiturates into various coni- 
partments such as brain, cerebrospinal fluid. 
fat and muscle( 1-3). The comparison be- 
tween ocular and spinal fluid was made be- 
cause embryological and physiological simi- 
larities exist between the 2 fluids(4). 

Barbital was de- 
termined by the method of Giotti and May- 

Methods and nzaterinls. 

* This work supported by contract irom Oflice o i  
Surgeon General, Dept. of Army, and by grants 
irom Nat. Inst. of Neurol. Dis. and Blindness, 
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nert ( 5 ) . Thiopental was mea-,u:ed by the 
method of Brodie et aZ.( 1)-  When concen- 
trations were low, after extraction of drug 
by the organic solvent, the drug was extracted 
into 1 or 2 ml of aqueous phase and measured 
either in micro or semi-micro cuvettes. The 
methods gave negligible blank values and re- 
coveries averaged 90-1 00%. 

Mongrel, adult female dogs weighing 7-20 
kg were used for this study. Barbital sodium 
( 100 m g k g )  as a 10% neutral solution or 
thiopental sodium (50 mg/kg) as an alkaline 
(pH 10.5) 2.5p solution was injected intra- 
venously within 5 seconds. Artificial respira- 
tion was given to the thiopental-treated dogs 
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TABLE I. Passage of Barbital into Cerebrospinal 
and Ocular Fluids of Dogs. 

Barbital sodi'clrii, 100 mg/kg i.v. 

Cone. of barbital sodium 
- 

Cereliro- 

Tiinti, Plasmn, fluid, fluid, ratios 
min. mg/l mg/l mg/l C!SF O F  

spinal Oculfir Concentration 

9 
9 

30 
30 
(;(I 
60 

180 
180 

200 
220 
150 
130 
100 
120 
94 

1 3 0 

31 
48 
95 
52 
97 

1 1 0  
87 

180 

47 
64 
81 
64 

110 
110 
110 
140 

P P  
.16 2 4  
.22 -29 
.62 .54 
.40 .49 
.98 1.1 
3 2  .92 
.95 2.2 
.Pt! 1.1 

by rhythmic inflation of the chest with room 
air through an endotracheal tube fitted with 
a non-rebreathing valve. Adequate thoracic 
excursions were maintained at  a rate of 16-20 
per minute until satisfactory spontaneous res- 
piration was resumed. A t  various time inter- 
vals the animals were sacrificed by rapid in- 
travenous injection of 4 to 6 ml of a satu- 
rated solution of potassium chloride which 
produced cardiac standstill within 5 seconds. 
Heart blood was immediately obtained by 
cardiac puncture and cerebrospinal fluid was 
withdrawn from the cisterna magna. Ocular 
fluid was sampled from anterior chamber of 
the eye by means of 26 gauge hypodermic 
needle. The needle was inserted through the 
cornea near its lateral margin and advanced 
between the cornea and the iris until the tip 
was lying free just in front of the lens. Gen- 
tle aspiration permitted removal of 0.5 to 1.0 
ml of clear ocular fluid. Each eye was used 

only once as a sample source. The ocular 
fluid value reported in Tables I and I1 is the 
average value; concentrations in the 2 eyes 
differed within experimental error (4-576). 

Results. Barbital concentrations in plasma 
were lower the longer the time interval after 
drug administration (Table I). Ocular fluid/ 
plasma concentration ratios were low at  first 
and rose to maximal values in a b u t  60 min- 
utes. Concentrations half that of plasma 
were reached in about 30 minutes. Cerebro- 
spinal /fluid plasma concentration ratios were 
generally slightly lower than ocular fluid/ 
plasma concentration ratios. Results of simi- 
lar experiments performed with thiopental are 
shown in Table 11. For thiopental, concen- 
tration ratios were corrected for the extensive 
binding to plasma proteins. After making 
this correction, concentration ratios for thio- 
pental were found much higher than for bar- 
bital a t  9 minutes. Cerebrospinal fluid/ 
plasma water concentration ratios were con- 
sistently (in contrast to barbital) higher at 3 
and 9 minutes than ocular fluid/plasma wa- 
ter concentration ratios. The data in Tables 
I and I1 indicate that thiopental enters ocu- 
lar and cerebrospinal fluid more rapidly than 
barbital and that cerebrospinal fluid/plasma 
and ocular fluid/plasma ratios of about one 
eventually are achieved for both drugs. 

Discussion. Some of the pertinent physical 
properties of the 2 barbiturates chosen for 
this study had been determined previously. 
The pKa is 7.8 for barbital and 7.6 for thio- 
pental. The partition coefficient between 
peanut oil and pH 7.4 phosphate buffer was 

TABLE IT. Passage of Thiopental into Cerebrospiiial and Ocular Fluids of Dogs. 
Thiopental sodium, 50 mg/kg i.v. 

Colicelitratioas of thio1mit:rl sodium Concentration ratios 
Cerebrospinal Ocular CSF O F  

Time, min. Plasma," mg/l fluid, mg/l fluid, mg/l Plasma water Plasma water 

3 
3 
9 
9 

30 
30 
30 
30 

72 (18 ) 13 
94 (24 ) 8.2 
67 (17 ) 11 
62 (16 ) 14 
33 ( 8.3) 11 

20 
50 (13 ) 13 
23 ( 5.8) 8.3 

- 

6.3 . i 2  .35 
6.1 .35 .2.5 
6.5 .65 .35 
8.7 .88 .54 
9.2 1.2 1 .I 

12 
11 1.0 .85 

6.3 1.4 1.2 

- -- 

* Values in parentheses are calculated values of drug coilcentrations in plasma water based 
on 757$ binding to plasma protein. 
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0.23 for barbital as compared with 6.3 for 
thiopental(2). Based upon the Hcnderson- 
Hasselbalch equation, at I )H i . 4 .  41:% of 

barbital is present in the unionized Form while 
a t  the same pH 61yL of the tliiopental present 
is unionized. Barbital is not q)precial)l>- 
bound to plasma protein whereas thiol)ental 
is extensively bound ( 65-75?;  ) (9-1 1 ) .  I t  i5 

evident that the 2 barliturates (1ifft.r niost 
strikingly i n  1i i ) i t l  solubility ant1 i n  the extent 
of their binding onto i)lasma ~)rotcin: at I )€ ]  

7.4 both are unionized to al)oiit the miie  es- 
tent. 

Based upon studies in the rabbit, ,\layer. 
3Iaickel and Brotlie( 12 ) c.;ilciil;itc.tl relative 
permeability constants for iwnetration in to  
cerelwospinal tliiicl by varioiis drugs. k’or 
thiopental and h r l i t d .  the!. io1I:d ;iveragt’ 
constants o f  0.69 ant1 0.059 min I riywc- 
t i d y .  ‘These authors suggested that the 
hloocl-brain and I)lootl-q)inal tluid lxtrriers 
1~eh:ive as ii lipid boundary 1vliic.11 drugs cro3s 
l+* simple diffusion. ;iccortling to  the esterit 
of their dissociation and the lipid solu\)ilit>. 
of the unionized molecules. These authors 
( 13) have also shown that thiopental leaves 
the cerebrospinal fluid more rapidlv than bar- 
bi tal. Recently, Brodie and co-workers es- 
tended their investigations. using the clog 
( 14) ; permeability constants (cerel)rosl,inal 
Huid ) were similar to those found for r:il)l)its 
--0.026 for liarhital and 0.50 min for  thio- 
pental, respectively. The present results with 
cerebrospinal an6 ocular 11 uids are consister] t 
with these findings, in that tmbital was foiind 
to enter both Hiiids more slowlj. t h a n  thio- 
pent a1 . 

Just as there is ;I b1ood-br:tin Inrriei. and 
a blood-spinal Huid barrier, there is also ;i 

blood-ocular fuid barrier to the free passage 
of certain substances from the gener;il cir- 
culation into the intraocular tluid. Ross( 6 )  
has suggested that lipid .;olul)ility is oi’ 
greater importance than mo1ecul;ir size i n  the 
passage of non-electrolytes into ocular Huitl. 
Other authors( 7,8) are in agreement with this 
concept though factors such as pK;i ( 14, I 5 ) , 
diffusion coefficient a i i d  state of h!~lrat ioti 
may also be involved. According to Uavson 
(7), there are two processes for penetration 

of substances from the blood into ocular 
fluid: (a) the secretory flow mechanism and 
( 1) )  the iris diffusion mechanism. The secre- 
tory mec.hanism i s  associated with the ciliary 
process and the relatively small posterior 
chamber: the diffusion mechanism is asso- 
ciated with the iris and the relatively large 
anterior chamber. These mechanisms involve 
1)assage of substances through one or more 
nieml)ranes. Lhvson( 7 )  has suggested that, 
! o r  it series of compounds of comparable 
tiiolecular size, rate of transfer by both 
mechanisms increases with increase in lipid 
solubility. However, rate of transfer by the 
hec-retory flow mechanism soon reaches a 
niasinium which is probably determined by 
rate of formation of ocular fluid itself by this 
Imcess. Beyond this point, a further in- 
crease in total transfer rate can still result 
from further increase in lipid solubility, due 
to increased transfer by the iris diffusion 
mechanism. Under the experimental condi- 
tions used. thiopental enters both ocular and 
ccwbroslinal fluids more rapidly than bar- 
I j i t a l .  Froni these data and the works cited 
:iI)ove it seems reasonable to implicate high 
lillid solubility as the key factor in rapid dis- 
tribution of thiopental into these body com- 
1)artments. Simple diffusion across lipoid 
i)c)iinrlaries may be the major mechanism in- 

)I vet1 . 
S i / u i i i z ~ ~ r ~ ~ .  Experiments with dogs have 

h ) w n  that thiopental enters ocular fluid and 
spinal fluid more rapidly than barbital does. 
This is probably due to the higher lipid solu- 
Ilility of the thio barbiturate. 

‘I’hc authors thank Ihs .  Bernard B .  Brodie and 
.I. .I. Burns for helpful criticism. 
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Studies of Alcaptonuria : Collagenase Degradation of Honiogentisic- 
T a n n e d  H i d e  Powder Collagen.* (26574) 

ROBERT AUSTIN MILCH (With the assistance of Richard A. Murray) 
Division of Ort hopaedic Surgery, Thc Johns Hopkins University School of Medicine 

and The Johns Hopkins Hospital, Baltimore, M d .  

Studies in this laboratory on the patho- 
genesis of alcaptonuric arthritis, the third of 
the 3 temporally related, characteristic com- 
ponents of the alcaptonuria syndrome (homo- 
gentisic aciduria, or alcaptonuria; ochronosis ; 
alcaptonuric, or ochronotic arthritis) have 
been concerned primarily with the interac- 
tions of various homogentisic acid solutions 
with collagen. Since it had been shown previ- 
ously( 1 )  that homogentisic acid does not in- 
teract with unbound chondroitin sulfate, it 
followed logically that interactions with col- 
lagen, the other and major component of car- 
tilage, as well as the other connective tissues, 
necessarily was implicated. 

Indeed. i t  was later shown(2,3) that ho- 
mogen tisic acid autoxidation polymers 
(HGA-OP) , in diametric oppositior. to unoxi- 
d izd ,  monomeric homogentisic acid solutions 
(HGA), become more or less irreversibly 
bound to collagen by a pH-independent reac- 
tion. For steric reasons, this results in sig- 
nificant cross-linking of adjacent collagen 
polypeptide chains and stabilization of the 
collagen structural lattice. As such, the re- 
sulting tanning reaction would be expected to 
result in a product which would not only re- 
sist water solubilization and heat degradation, 

*Aided by a grant from Nat. Inst. of Arthritis 
and Metab. Dis., Nat. Inst. Health, U. S. Dept. of 
HEW. 

as has been previously demonstrated, but 
would also be expected to result in increased 
resistance to the action of a number of pro- 
teolytic enzyme systems. The present report 
notes the result of one such study. 

Material and methods. Twelve gram 
batches of limed and neutralized (pH 5.4) 
bovine hide powder collagen (American 
Standard Hide Powder, purchased from 
Frank F. Marshall, Ridgeway, Pa.) were 
passed through No. 20 ASTM sieves, placed 
in covered Ehrlenmeyer flasks and reacted for 
approximately 7 5 hours at  room temperature 
(2lo-28"C) with 500 ml aliquots of water or 
of aqueous, au toxidized, polymeric homogen- 
tisic acid (HGA-OF) solutions (3 mg/ml), 
prepared as outlined previously (4) .  The li- 
quid phase was removed by suction filtration 
after the period of interaction and the solid 
(collagen) phase was freeze-dried. (A con- 
siderable quantity of the previously untreated 
hide powder collagen was lost by solubiliza- 
tion during water treatment, whereas signifi- 
cantly smaller amounts were sdubilized dur- 
ing interaction with HGA-OP. No attempt 
was made here, however, to provide quantita- 
tive data on the precise degree of solubiliza- 
tion in either instance.) 

Two hundred milligram samples of each 
collagen preparation were placed into dry, 
chemically clean screw-top 15 ml graduated 




