
level background of PAH from natural 
sources, but it seems clear that the major 
source of PAH in the present surface 
sediment at this location is anthropo- 
genic combustion. A more detailed in- 
vestigation of the depth distribution of 
PAH in sediments from a variety of dep- 
ositional environments, near and remote 
from urban areas, is needed to confirm 
this conclusion. For example, studies of 
PAH in anoxic, rapidly depositing, near- 
shore, marine or lake sediments would 
be ideal because these locations would 
not be subjected to the uncertainties in 
reconstructing historical records which 
are introduced into sediments with bio- 
turbated surface layers (22). 

RONALD A. HITES* 
ROBERT E. LAFLAMME 

Department of Chemical Engineering, 
Massachusetts Institute of Technology, 
Cambridge 02139 

JOHN W. FARRINGTON 

Chemistry Department, 
Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts 02543 

References and Notes 
1. R. A. Hites and W. Biemann, Adv. Chem. Ser. 

147, 188 (1975). 
2. M. Blumer and W. W. Youngblood, Science 

188, 53 (1975). 
3. W. W. Youngblood and M. Blumer, Geochim. 

Cosmochim. Acta 39, 1303 (1975). 4. A. Hase and R. A. Hites, in Identification and 
Analysis of Organic Pollutants in Water, L. H. 
Keith, Ed. (Ann Arbor Science Publishers, Ann 
Arbor, Mich. 1976), p. 205. 

5. A. Hase and R. A. Hites, Geochim. Cosmo- 
chim. Acta 40, 1141 (1976); G. Grimmer and D. 
Duevel, Z. Naturforsch. Teil B 25, 1171 (1970). 6. R. A. Hites, in Sources, Effects, and Sinks of 

Hydrocarbons in the Aquatic Environment 
(American Institute of Biological Sciences, 
Washington, D.C., 1976), pp. 325-332. 

7. M. Blumer, T. Dorsey, J. Sass, Science 195, 283 
(1977). 

8. W. Hom, R. W. Risebrough, A. Soutar, D. R. 
Young, ibid. 184, 1197 (1974). 

9. T. J. Chow, K. W. Bruland, K. Bertine, A. Sou- 
tar, M. Koide, E. D. Goldberg, ibid. 181, 551 
(1973). 

10. K. W. Bruland, K. Bertine, M. Koide, E. D. 
Goldberg, Environ. Sci. Technol. 8, 425 (1974). 

11. J. W. Farrington, S. M. Henrichs, R. Anderson, 
Geochim. Cosmochim. Acta, in press. 

12. V. T. Bowen, HASL-291 (U.S. Energy Re- 
search and Development Administration Health 
and Safety Laboratory, Washington, D.C., 
1975), p. 11-57. 

13. J. W. Farrington, N. W. Frew, P. M. 
Gschwend, B. W. Tripp, Estuarine Coastal 
Mar. Sci., in press. 

14. J. Burke, Limnol. Oceanogr. 13, 714 (1968). 
15. D Rhoads, Oceanogr. Mar. Biol. 12,263 (1974). 
16. M. L. Lee, G. P. Prado, J. B. Howard, R. A. 

Hites, Biomed. Mass Spectrom. 4, 182 (1977). 17. The gas chromatography was carried out on a 
stainless steel column 183 by 0.32 cm, with 3 
percent OV-17. The temperature was pro- 
grammed from 70? to 300?C at 8?C per minute. 
Gas chromatrographic mass spectrometry was 
carried out on a quadrupole mass spectrometer 
(Hewlett-Packard 5982A) with a data system 
(Hewlett-Packard 5933A)., 

18. This depth distribution cannot be the result of 
biodegradation of PAH in the deeper section. 
This zone was highly anoxic, and PAH are 
preserved under such conditions [T. B. Shelton 
and J. V. Hunter, J. Water Pollut. Control 

level background of PAH from natural 
sources, but it seems clear that the major 
source of PAH in the present surface 
sediment at this location is anthropo- 
genic combustion. A more detailed in- 
vestigation of the depth distribution of 
PAH in sediments from a variety of dep- 
ositional environments, near and remote 
from urban areas, is needed to confirm 
this conclusion. For example, studies of 
PAH in anoxic, rapidly depositing, near- 
shore, marine or lake sediments would 
be ideal because these locations would 
not be subjected to the uncertainties in 
reconstructing historical records which 
are introduced into sediments with bio- 
turbated surface layers (22). 

RONALD A. HITES* 
ROBERT E. LAFLAMME 

Department of Chemical Engineering, 
Massachusetts Institute of Technology, 
Cambridge 02139 

JOHN W. FARRINGTON 

Chemistry Department, 
Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts 02543 

References and Notes 
1. R. A. Hites and W. Biemann, Adv. Chem. Ser. 

147, 188 (1975). 
2. M. Blumer and W. W. Youngblood, Science 

188, 53 (1975). 
3. W. W. Youngblood and M. Blumer, Geochim. 

Cosmochim. Acta 39, 1303 (1975). 4. A. Hase and R. A. Hites, in Identification and 
Analysis of Organic Pollutants in Water, L. H. 
Keith, Ed. (Ann Arbor Science Publishers, Ann 
Arbor, Mich. 1976), p. 205. 

5. A. Hase and R. A. Hites, Geochim. Cosmo- 
chim. Acta 40, 1141 (1976); G. Grimmer and D. 
Duevel, Z. Naturforsch. Teil B 25, 1171 (1970). 6. R. A. Hites, in Sources, Effects, and Sinks of 

Hydrocarbons in the Aquatic Environment 
(American Institute of Biological Sciences, 
Washington, D.C., 1976), pp. 325-332. 

7. M. Blumer, T. Dorsey, J. Sass, Science 195, 283 
(1977). 

8. W. Hom, R. W. Risebrough, A. Soutar, D. R. 
Young, ibid. 184, 1197 (1974). 

9. T. J. Chow, K. W. Bruland, K. Bertine, A. Sou- 
tar, M. Koide, E. D. Goldberg, ibid. 181, 551 
(1973). 

10. K. W. Bruland, K. Bertine, M. Koide, E. D. 
Goldberg, Environ. Sci. Technol. 8, 425 (1974). 

11. J. W. Farrington, S. M. Henrichs, R. Anderson, 
Geochim. Cosmochim. Acta, in press. 

12. V. T. Bowen, HASL-291 (U.S. Energy Re- 
search and Development Administration Health 
and Safety Laboratory, Washington, D.C., 
1975), p. 11-57. 

13. J. W. Farrington, N. W. Frew, P. M. 
Gschwend, B. W. Tripp, Estuarine Coastal 
Mar. Sci., in press. 

14. J. Burke, Limnol. Oceanogr. 13, 714 (1968). 
15. D Rhoads, Oceanogr. Mar. Biol. 12,263 (1974). 
16. M. L. Lee, G. P. Prado, J. B. Howard, R. A. 

Hites, Biomed. Mass Spectrom. 4, 182 (1977). 17. The gas chromatography was carried out on a 
stainless steel column 183 by 0.32 cm, with 3 
percent OV-17. The temperature was pro- 
grammed from 70? to 300?C at 8?C per minute. 
Gas chromatrographic mass spectrometry was 
carried out on a quadrupole mass spectrometer 
(Hewlett-Packard 5982A) with a data system 
(Hewlett-Packard 5933A)., 

18. This depth distribution cannot be the result of 
biodegradation of PAH in the deeper section. 
This zone was highly anoxic, and PAH are 
preserved under such conditions [T. B. Shelton 
and J. V. Hunter, J. Water Pollut. Control 
Fed. 47, 2256 (1975)1. The PAH distribution can- 
not result from large changes in the sedimenta- 
tion rate because this rate has been constant 
over the period from 1850 to 1970; this conclusion 
is based on 210Pb data (11) and on the lack of 
visually noticeable discontinuitieG in the core. 

25 NOVEMBER 1977 

Fed. 47, 2256 (1975)1. The PAH distribution can- 
not result from large changes in the sedimenta- 
tion rate because this rate has been constant 
over the period from 1850 to 1970; this conclusion 
is based on 210Pb data (11) and on the lack of 
visually noticeable discontinuitieG in the core. 

25 NOVEMBER 1977 

19. H. C. Hottel and J.. B. Howard, New Energy 
Technology (MIT Press, Cambridge, Mass., 
1971), p. 4. 

20. Particulate Polycyclic Organic Matter (National 
Academy of Sciences, Washington, D.C., 1972), 
pp. 13-35. 

21. Coal, wood, and oil produce similar qualitative 
distributions of PAH, and these distributions are 
similar to those seen in this sediment. See (16) 
for detailed analyses of the PAH produced by 
these fuels. 

22. K. K. Bertine and E. D. Goldberg, Environ. Sci. 

19. H. C. Hottel and J.. B. Howard, New Energy 
Technology (MIT Press, Cambridge, Mass., 
1971), p. 4. 

20. Particulate Polycyclic Organic Matter (National 
Academy of Sciences, Washington, D.C., 1972), 
pp. 13-35. 

21. Coal, wood, and oil produce similar qualitative 
distributions of PAH, and these distributions are 
similar to those seen in this sediment. See (16) 
for detailed analyses of the PAH produced by 
these fuels. 

22. K. K. Bertine and E. D. Goldberg, Environ. Sci. 

Although the role of the lung in gas ex- 
change was defined more than 100 years 
ago by Magnus (1), many of its metabolic 
functions in the living organism remain 
obscure in part because arteriovenous 
(AV) metabolic gradients across the lung 
are diluted by the large pulmonary blood 
flow (2). However, we repeatedly mea- 
sured AV metabolic differences across 
the lungs of a diving mammal. Although 
the lung ceases to be a significant gas-ex- 
change organ during diving, it remains 
perfused by the entire cardiac output, 
while the 70 to 90 percent fall in cardiac 
output during diving (3) should increase 
the measurable pulmonary AV metabo- 
lite concentration differences. In our 

Table 1. Relationship between the decrease in 
glucose concentration in systemic arterial 
blood and the rise in lactate concentration. 
Whenever two dives were studied, we al- 
lowed the seal to recover completely from the 
first before beginning the second. In all cases, 
from half to all of the glucose utilized ap- 
peared as blood lactate. As the seals were 
awake and varied in condition and degree of 
stress, no close correlation between diving 
time and glucose utilization was expected or 
evident. 

Change in Change in 
Diving glucose lactate 

Seal length concen- concen- 
(min) tration tration 

(/xmole/ml) (gzmole/ml) 

1 5 -0.6 +0.5 
2 

Dive 1 10 -1.5 + 1.3 
Dive 2 22 -1.0 +1.7 

3 
Dive 1 20 -1.0 +1.1 
Dive 2 25 -1.5 +1.5 

4 
Dive 1 26 -0.9 +0.8 
Dive 2 46 -1.0 +2.5 
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studies of experimental diving by the 
awake Antarctic Weddell seal (Leptony- 
chotes weddelli), a species that can dive 
for more than an hour (4), we observed a 
decrease in glucose concentrations in 
systemic and pulmonary artery blood 
and an increase in lactate concentra- 
tions; at the same time, pulmonary AV 
differences of blood lactate and glucose 
were reciprocal. As all the enzymes 
necessaiPy for lactate use and for glucose 
formatibn were present in fresh seal lung 
tissue, our study suggests that lactate is 
used by the lungs as a preferred sub- 
strate and that the lungs may supplement 
the circulating blood supply of glucose 
for the brain. 

Weddell seals were captured at Turtle 
Rock on the Ross Island fast ice. Adult 
seals weighing 450 to 500 kg were herded 
into a large wooden box and hauled on a 
sled to the McMurdo Eklund Biological 
Laboratory. Here, the seal was tranquil- 
ized (intramuscular ketamine hydro- 
chloride, 2 mg per kilogram of body 
weight); the box was positioned with a 
forklift, and the animal was transferred 
to a mobile operating table. During sur- 
gery (5), anesthesia was maintained by 
the spontaneous breathing of halothane 
in oxygen. 

A large drop in glucose concentration 
was consistently seen during short- and 
long-term dives (Table 1) in samples of 
whole blood taken either from the pul- 
monary artery (mixed venous) or the 
aorta (6, 7). We believe that a notable 
fraction of the glucose used was being 
fermented for two reasons. (i) If all the 
glucose used were being fully oxidized 
metabolic rates would be far higher than 
expected (8) and P(,2 would drop further 
than observed (Fig. 1). (ii) Even in dives 
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Pulmonary Metabolism During Diving: 

Conditioning Blood for the Brain 

Abstract. During experimental diving by the awake Weddell seal, blood glucose 
concentration falls consistently. A large fraction of the glucose consumed from the 
central circulating blood appears as lactate. During diving, the lung utilizes blood 
lactate in preference to blood glucose as a source of both carbon and energy, and it 
is able to release glucose into pulmonary venous blood to supplement the supply 
available for brain metabolism. 
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or brain (9). In this connection, two ob- 
servations made in preliminary studies of 
the lung were relevant. (i) Blood glucose 
concentration in the pulmonary artery 
during diving could be consistently 
slightly higher than, equal to, or slightly 
lower than 'the concentration in the 
aorta. That is, glucose could be taken up 
or released by the lung under different 
conditions. Glucose uptake by perfused 

Fig. 1. Changes in glucose and 14 - Dive-- Recovery 
lactate concentration in the I 
blood of the central circulationo \E 
during a 46-minute exper- I 
imental dive of an awake, 10 - 
restrained 1100-lb (-500- 12 - I Pa 02 i 
kg) Weddell seal (seal 4, dive - 60 / 
2). Blood samples were takenl /11 
from catheters in the aorta 20 - 9.0 
(A0 samples) or pulmonary 10 - O 0 
artery (PA samples). The total E I - 18.0 
time period between the end of 9 - PA E \ E 
dive 1 and the beginning of Q 4 Lactate /I . 

, 4 , I 1 / /-.- 7.0 6 dive 2 was 2 hours. In dive X A \ 
1, about half the glucose usedoe 0 
had appeared as lactate in G uco /6.0 
blood; in the dive illustrated, 1 
all of the glucose used appears 2.0 PA" i 5.o0 
as lactate. During recovery Glucose 
from dive 1, only a modest 1.00 4 

oi4.0 amount of lactate had been -_F Lactatel 
observed to wash out of the - i 

.L.__a_e_ . _.l, . ..................... 

peripheral tissues and circu- -10 0 10 30 50 70 90 110 130 
lation (peak concentrations 
were only about 3.5 ,mole/ml); Time (minutes) 
during recovery from dive 2, however, much more lactate washed out from peripheral tissues, 
which produced central blood concentrations nearly 30 times greater than that found in the 
predive blood samples. Oxygen tensions (PO) in the aorta (PaP2) and the pulmonary artery 
(PvO,) are shown on the inset scale. 

Table 2. Enzyme activities in lung tissue of the Weddell seal. Units of activity are in micromoles 
of substrate converted to product per minute per gram at 37?C. Averages of three determina- 
tions are given. Assay procedures have been described (6). Lactate dehydrogenase (LDH) and 
pyruvate kinase were assayed at pH 7.4 in 100 mM tris (hydroxymethyl) aminomethane (tris); 
all other enzymes were assayed at pH 7.0 in 100 mM imidazole. The hexokinase preparations 
were in 250 mM sucrose in pH 7.0 imidazole containing 5 mM MgATP complex. Mitochondrial 
pellets were isolated as described (7). Abbreviations: G6P, glucose 6-phosphate; NADP+, nico- 
tinamide adenine dinucleotide phosphate; G6PDH, glucose 6-phosphate dehydrogenase; FDP, 
fructose 1,6-diphosphate; GPI, glucosephosphate isomerase; F6P, fructose 6-phosphate; 
NAD+, nicotinamide adenine dinucleotide; NADH, the reduced form of NAD+; a-GPDH, a- 
glycerolphosphate dehydrogenase (E.C. 1.1.1.8); ADP, adenosine diphosphate; and DTNB, 5,5'- 
dithiobis-(2-nitrobenzoic acid). 

Units of 
Enzyme Assay conditions activity activity 

Glucose-6-phosphatase 10 mM G6P, ImM Mg2+,pH 7.0 0.08 

Hexokinase (56 percent mito- 1 mM glucose, 5 mM MgATP, 1 mM NADP+, excess 1.1 
chondrial bound) G6PDH 

Fructose 1,6-diphos- 1 mM FDP, 1 mM MgCl6, excess GPI and G6PDH, 0.1 
phatase 1 mM NADP+ 

Phosphofructokinase 1 mM F6P, 1 mM ATP, 1 mM MgC2, 0.1 mM NADH, 1.8 
excess aldolase, triose-P isomerase, and a-GPDH 

Pyruvate kinase 2 to 4 mM phosphoenolpyravate, 1 mM ADP, 32.4 
1 mM MgCl2, 0.1 mM NADH, excess LDH 

Lactate dehydrogenase Back reaction: 50 mM lactate, 1 mM NAD+,pH 7.4 143.0 
Forward reaction: 1 mM, pyruvate, 0.1 mM 557.0 

NADH,pH 7.4 

a-Glycerolphosphate 0.5 mM dihydroxy acetone phosphate, 0.1 mM 0.16 
dehydrogenase NADH,pH 7 

Citrate synthase 0.5 mM acetyl CoA, 0.5 mM oxaloacetate, 0.1 mM 1.05 
DTNB,pH 7.5 imidazole 
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lung and lung slices has been noted by 
others (10, 11), but to our knowledge, 
glucose release by the lung has not been 
previously reported. (ii) With respect to 
lactate, concentration changes across 
the lung again could be either positive or 
negative, but concentration decrements 
were observed only in animals with 
profound diving bradycardia. Although 
statistically significant (12), such results 
were unexpected since in most mamma- 
lian lungs, the Fick principle for studies 
of substrate use and release cannot be 
used effectively (11) because of two re- 
lated problems: the large blood flow (car- 
diac output) and the relatively small lung 
mass (which implies a low absolute 
metabolic rate). By contrast, a 450-kg 
Weddell seal has about 5 kg of lung tis- 
sue. With its one unit of hexokinase per 
gram (Table 2), this lung could take up 
glucose at a rate of 5 mmole/min. Assum- 
ing a diving cardiac output of 5 liter/min 
(13), this enzyme activity could generate 
an easily measurable concentration dif- 
ference of 1.0 ,mole per milliter of blood 
perfusing the lung. The enzymic poten- 
tial for glucose release is lower (Table 
2), but it could still generate 0.1 to 0.2 

tmole per milliliter of glucose con- 
centration differences across the lung. 
And finally, the activity of the lactate 
dehydrogenase back reaction (lac- 
tate -> pyruvate) is about 140 unit/g 
(Table 2), an amount that in theory could 
generate large changes in lactate concen- 
tration in the blood as it perfused the 
lung. 

These considerations encouraged us to 
examine changes in the AV concentra- 
tion across the lung during diving. A typ- 
ical result for a 46-minute dive (Fig. 1) 
shows lactate gradually accumulating in 
peripheral tissues during diving and 
being washed out of them into the blood 
with their reperfusion (3). During diving, 
pyruvate concentrations rose slightly 
(from 0.06 to 0.12 /xmole/ml) while ala- 
nine levels remained unchanged. Arterial 
pressure fell by about 5 mm-Hg during 
the second half of the dive; at this time, 
the lung was no longer serving as a 
gas-exchange organ, the change in arte- 
rial and venous pressure being identi- 
cal (Fig. 1, inset). 

At all sampling times except the last 
(taken 75 minutes after completion of the 
simulated dive, at which time the lung 
appeared to be using glucose and releas- 
ing lactate), the lactate concentration 
was measurably lower in aortic blood 
than in pulmonary blood (mean of 0.105 
p.mole/ml for four samples taken during 

the dive). The probability that these val- 
ues would all differ in the same direction 
is P < .01. 
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of relatively short duration, a large frac- 
tion (50 percent or more) of the glucose 
used was represented by a concomitant 
lactate accumulation; in more extreme 
situations, the fall in blood glucose con- 
centration was approximately equal to 
the rise in that of lactate (Table 1). 

Initially, it was unclear whether lac- 
tate in the central circulation was due to 
glucose fermentation in the lung, heart, 



This type of experiment seems to dem- 
onstrate that the lung of the Weddell seal 
uses lactate as a substrate for metabo- 
lism, and, therefore that it cannot be the 
source of the rising blood lactate ob- 
served in the central circulation during 
diving. If half the lactate consumed were 
fully oxidized by the lung, a yield of 0.8 
Aumole of adenosine triphosphate (ATP) 
per gram of lung tissue per minute could 
be obtained, with a measured diving car- 
diac output of 5 liter/min; this metabolic 
rate is similar to that measured (1.2 
jumole of ATP per gram per minute) in 
respiring lung slices (10). One fate of any 
remaining lactate may be reconversion 
to glucose. If half of the consumed lac- 
tate were converted to glucose, it would 
generate a transpulmonary glucose gra- 
dient of about 0.025 ,xmole/ml, a value 
close to that observed, the average AV 
difference for the dive in Fig. 1 being 
0.035 ,xmole/ml. These AV differences in 
glucose concentrations across the lung 
were consistently in the opposite direc- 
tion to those for lactate. If such dif- 
ferences were due to manipulative arti- 
facts, lactate and glucose concentration 
profiles should be identical and not mir- 
ror images of one another. Our results 
therefore indicate that lactate is used in 
preference to glucose as substrate for the 
lung and that one fate of the consumed 
lactate may be reconversion to glucose 
for subsequent metabolism by other tis- 
sues of the central circulation. 

Additional evidence for a modified 
Cori cycle involving the lung comes from 
enzyme studies. We found that the seal 
lung displayed readily measurable 
amounts of fructose 1,6-diphosphatase 
(E.C. 3.1.3.11) (FDP) and glucose 6- 
phosphatase (E.C. 3.1.3.9) (G6P), the 
first capable of converting 0.1 to 0.2 
,tmole of substrate to product per gram 
of lung tissue per minute, the second oc- 
curring at about 0.08 such units of en- 
zyme activity (Table 2). As these are glu- 
coneogenic enzymes (14), we also 
looked for phosphoenolpyruvate car- 
boxykinase (E.C. 4.1.1.32) and pyruvate 
carboxylase (E.C. 6.4.1.1), two addi- 
tional enzymes that are often (14), but 
not always (18), required for de novo 
synthesis of glucose from triose or amino 
acid precursors. Although they do not 
occur at levels greater than 0.05 unit/g, 
pyruvate kinase (E.C. 2.7.1.40) activity 
in the gluconeogenic direction can occur 
at as much as 5 percent of the thermody- 
namically "downhill" rate (15), and its 
activity (Table 2) could readily pace 
those of fructose-1,6-diphosphatase and 
glucose-6-phosphatase. Finally, as al- 
ready emphasized, lactate dehydro- 
genase occurs at about 140 unit/g, as- 

25 NOVEMBER 1977 

sayed at pH 7.4 in the direction of lac- 
tate -> pyruvate. Thus, all the enzymes 
for converting lactate to glucose oc- 
cur in the seal lung, and under certain 
conditions, the lung may be able to 
supplement the supply of circulating 
glucose. 

Although the quantitative role of this 
process remains to be assessed, there is 
little doubt that the lung of the Weddell 
seal uses lactate, not glucose, during 
prolonged awake diving. It therefore is 
unlikely to contribute to the drop in 
blood glucose and rise in blood lactate 
concentrations during diving. The heart 
and brain are the most likely alternative 
organs for this role (3), and the final 
question remains as to which makes the 
larger contribution. Although a definitive 
answer will require studies of the metab- 
olite preferences of the two organs, a 
number of suggestive observations are 
already available. (i) Electron micro- 
graphs indicate extremely high quantities 
of glycogen (large rosette-shaped gran- 
ules) in the heart but not in the brain (16). 
(ii) The heart, with 3.1 units of hexoki- 
nase per gram, contains only about one- 
half the brain's potential for competing 
effectively for glucose (16). (iii) During 
diving, coronary blood flow drops by 
about 75 percent, while blood flow to the 
brain rises by about 30 percent (13). 
From these data, we tentatively conclude 
that during diving, the heart removes 
less glucose from the central circulation 
than the brain does. From Po, and blood 
lactate measurements (Fig. 1), it would 
appear that some complete glucose 
oxidation and some glucose fermentation 
contribute to the uptake of glucose by 
the brain, a situation similar to that in 
hypoxia in other mammals (17). 

Our studies indicate that during div- 
ing, the seal's lung conditions central cir- 
culating blood (i) by reducing lactate ac- 
cumulation through the use of lactate in 
preference to glucose for energy metabo- 
lism and possibly (ii) by releasing glu- 
cose into the blood, a process that would 
supplement the circulating supply for the 
brain. It is possible that in the Weddell 
seal we have described a process uncom- 
mon in terrestrial mammals; if universal, 
however, similar metabolic functions of 
the lung may be important in conditions 
such as severe shock, when cardiac out- 
put is reduced and lactate acidemia pre- 
vails. 
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in a Siamese cat (2). We now report fur- 
ther evidence that this disease is a lyso- 
somal storage disorder, that the muco- 
polysaccharide excreted in excess is der- 
matan sulfate, and that the defect is due 
to a deficiency in arylsulfatase B and rep- 
resents an animal model of Maroteaux- 
Lamy syndrome. 

The proposita was first seen at 21 
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months of age with an acute hindlimb 
lameness, small stature, a short broad- 
ened face with swollen drooping eye- 
lids, coreal clouding, and a history of 
progressive difficulties with locomotion. 
Radiographic findings included fusion of 
cervical and lumbar vertebrae, flaring of 
the ribs, multiple exostoses, and epiphy- 
seal dysplasia of the long bones. The cat 
excretes greatly increased amounts of 
cetylpyridinium chloride (CPC)-precipi- 
table glycosaminoglycans (GAG) in her 
urine (2). 

Measurement of the ratio of urinary 
polymeric GAG to oligosaccharides that 
contain uronic acid has been shown to be 
useful in detecting defects in mucopoly- 
saccharide degradation (3). This ratio in 
normal human urine varies between 0.1 
and 0.4 and is invariably less than 1. In 
pooled urine from eight clinically normal 
cats, the polymeric GAG: oligosaccha- 
ride ratio was 0.89 (1.16:1.30 mg of hex- 
uronic acid per 25 ml of urine, respec- 
tively); and in the affected cat it was 5.89 
(16.70: 2.83), the absolute amount of 
polymeric GAG in the affected animal's 
urine being approximately 14 times 
greater than that in normal cat urine. 

CPC-precipitable GAG's were isolated 
from the affected cat's urine and from 
pooled normal cat urine; Tamm-Horsfall 
glycoprotein was removed by salt pre- 
cipitation, and the purified GAG was 
separated by electrophoresis on cellu- 
lose acetate (4). The primary GAG com- 
ponent from the affected cat migrated 
with dermatan sulfate (DS) with a small 
amount of chrondroitin sulfate (CS), and 
a trace of heparan sulfate (HS) also pres- 
ent, whereas normal cat urine contained 
primarily CS, with a small amount of DS 
and a trace of HS (Fig. la). Determina- 
tion of the CS and DS content of similar 
urines by selective reaction with orcinol 
(5) confirmed the electrophoretic find- 
ings. Urine collected from eight clinical- 
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Fig. 1. Electrophoretic separation of urinary glycosaminoglycans 
(GAG). Separations were performed on strips (5 by 12.7 cm) of cellu- 
lose polyacetate (Sepraphore III, Gelman Instrument Co., Ann Ar- 
bor, Michigan) using 0.05M barium acetate, pH 8.0, at 100 volts for 
180 minutes. The GAG were visualized with either toluidine blue or 
alcian blue GZ. (a) Total GAG from urine of a human patient with 
Hurler's syndrome (1), pooled cat urine (2), and urine from the af- 
fected cat (3). (b) The GAG fraction obtained by alkaline copper pre- 
.cipitation from the affected cat's urine (1), DS from pig skin (Sigma 
Chemical Co., St. Louis, Missouri) (2), total GAG from patient with 
Hurler's syndrome (3). (c) Mixture of commercially available GAG 
(1); from top to bottom chondroitin sulfates A and C (CS), dermatan 
sulfates (DS), and heparan sulfate (HS). Total GAG from the affected 
cat's urine (2), same, after treatment with chondroitinase AC (3), 
same, after treatment with chondroitinase ABC (4). 
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Mucopolysaccharidosis in a Cat with Arylsulfatase B 

Deficiency: A Model of Maroteaux-Lamy Syndrome 
Abstract. A Siamese cat that presented clinical signs similar to those seen in hu- 

mans with mucopolysaccharidoses was studied. The animal excreted increased 
amounts of polymeric glycosaminoglycans in the urine, consisting almost entirely of 
dermatan sulfate. Electron microscopy of circulating polymorphonuclear leukocytes 
revealed the presence of many membrane-bound lamellar inclusion bodies. Sulfate 
incorporation studies with cultured skin fibroblasts indicated defective glycosami- 
noglycan degradation. These cells showed a deficiency in arylsulfatase B activity. 
The disorder appears similar or identical to the Maroteaux-Lamy syndrome de- 
scribed in humans. 
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