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Abstract. Diamide oxidizes glutathione and other cellular sulfhydryl groups. It decreases cal- 
cium ATPase activity and alters mitochondrial calcium flux, probably as a result of the sulfhydryl 
oxidation. We examined the effect of diamide (5 mg/kg, iv) on pulmonary vascular reactivity 
in 12 anesthetized dogs. Diamide reversed the pulmonary vasoconstriction caused by hypoxia 
in seven dogs (control APVR + 2.5 f 0.6 mm Hg/liter/min; postdiamide APVR - 0.1 f 0.4 
mm Hg/liter/min; P < 0.01). The pulmonary pressor response to prostaglandin Fza (5 pg/kg/ 
min, iv) was also reduced (control APVR + 3.8 f 0.5 mm Hg/liter/min; postdiamide APVR 
+ 1.1 f 0.7 mm Hg/liter/min; P < 0.0 1). However, in a further five dogs, diamide had only a 
small effect on the pulmonary vasoconstriction caused by angiotensin 11, while the pressor re- 
sponse to hypoxia was again inhibited. The mechanism by which diamide reverses pulmonary 
vasoconstriction is not certain but the effect is rapid, consistent, and reversible. Because the 
intravenous infusion of diamide does not produce systemic hypotension, during its period of 
action on the pulmonary vasculature, unlike the drugs currently available for the clinical treat- 
ment of pulmonary hypertension, further studies of its mechanism of action are indicated. 

Diamide [diazenedicarboxylic acid bis 
(N,N-dimethylamide) 111 was introduced in 
1969 as an agent which could rapidly oxidize 
glutathione (GSH) to glutathione disulfide 
(GSSG) in red blood cells without otherwise 
altering cellular metabolism ( 1). Glutathione 
is a sulfhydryl-containing tripeptide which is 
present in all mammalian cells (2) and acts 
as a redox buffer (3). Normally almost all in- 
tracellular glutathione is maintained in the 
reduced state by the NADPH-requiring en- 
zyme, glutathione reductase. When glutathi- 
one is oxidized by diamide, other sulfhydryl 
groups in enzymes and cell membranes are 
also rendered susceptible to oxidation (4). 
Sulfhydryl oxidation by diamide has been 
shown to alter (Ca2+ + Mg2+)-ATPase activity 
( 5 )  and calcium permeability in red cell mem- 
branes (6). Because of these observations and 
the demonstration that diamide inhibits the 
spontaneous contraction of rat muscle cells 
in culture (7), we wished to determine whether 
diamide would cause pulmonary vasodilata- 
tion. During normoxia the pulmonary vas- 

’ To whom requests should be addressed: Cardiovas- 
cular Section, VA Medical Center, 54th St. and 48th Ave. 
So., Minneapolis, Minn. 55417. 

culature is almost maximally dilated and ad- 
ditional dilatation is difficult to discern. Con- 
sequently the hemodynamic effect of diamide 
was determined in anesthetized dogs when the 
pulmonary vascular resistance was increased 
by hypoxia, prostaglandin F2a, or angiotensin 
11. A preliminary report of part of this study 
has been published (8). 

Materials and Methods. Twelve mongrel 
dogs of either sex (mean weight 24 k 1 kg), 
were anesthetized with pentobarbital sodium 
(30 mg/kg, iv), paralyzed with succinyl cho- 
line (2 mg/kg, iv), intubated with an endo- 
tracheal tube, and ventilated on room air with 
a Harvard (Harvard Apparatus, 150 Dover 
Rd., Millis, Mass. 02054) respirator. Addi- 
tional doses of pentobarbital sodium (1 5 mg/ 
kg, iv) were given during the experiment to 
maintain anesthesia. The respirator was ad- 
justed initially to maintain a systemic arterial 
pH of about 7.39. Ventilation thereafter was 
maintained constant throughout the experi- 
ment. Care was taken to “sigh” the dogs at 
regular intervals and to maintain the esoph- 
ageal temperature between 38.0 and 39.5”C. 
Polyethylene catheters were placed in the su- 
perior and inferior vena cavae and in the de- 
scending aorta. A Swan-Ganz balloon-tipped 
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catheter was advanced to a branch of the pul- 
monary artery. Pulmonary arterial, wedge, and 
aortic pressures were measured using Statham 
P23 ID (Statham Instruments Inc., Medical 
Sales Division, 2230 Statham Blvd., Oxnard, 
Calif. 93030) transducers and a Hewlett Pack- 
ard (Hewlett Packard, Medical Electronics 
Division, 175 Wiman Street, Waltham, Mass. 
02 154) 8-channel recorder. Cardiac output 
was determined by injecting 1.25 mg Indo- 
cyanine-green dye into the inferior vena cava 
and withdrawing blood from the aorta, at 20 
ml/min, through a Waters (Waters Instru- 
ments, Inc., P.O. Box 6 1 17, Rochester, Minn. 
5590 1)  cuvette densitometer. Pulmonary vas- 
cular resistance was calculated as mean pul- 
monary arterial pressure minus mean wedge 
pressure (mm Hg) divided by cardiac output 
(liters/minute). Systemic arterial oxygen and 
carbon dioxide tensions and pH were mea- 
sured with a Coming (Coming Glass Works, 
Medfield, Mass. 02502) Model 168 pH blood 
gas analyzer. In all the dogs, pulmonary and 
systemic hemodynamics (pressures, cardiac 
output, and systemic blood gases) were re- 
corded during normoxia and after 8 and 15 
rnin of hypoxia (inspired 0 2 :  12%). 

Seven dogs (Group 1 )  then had the se- 
quence of interventions shown in Fig. 1; i.e., 
prostaglandin Fk (5 ccglkglmin, iv, for 4 min), 
a second, third, and fourth hypoxic challenge 
(each of the same severity as the first), and 
finally a second prostaglandin F2a infusion 
(Sigma Chemical Co., St. Louis, Mo. 63178). 
The hemodynamics were recorded before, and 
at the end of, each prostaglandin infusion. 
Diamide (5 mg/kg dissolved in 10 ml saline) 
was infused intravenously over 1 min, im- 
mediately after the hemodynamic recordings 
made at 8 rnin in the third hypoxic challenge, 
and again at the start of the second prosta- 
glandin F2a infusion. 

Five dogs (Group 2), had the sequence of 
interventions shown in Fig. 3. The initial hy- 
poxic challenge was repeated and diamide was 
infused after 8 rnin of the second challenge. 
Angiotensin I1 (0.5 pg/kg/min) (Sigma Chem- 
ical Co., St. Louis, Mo. 63178) was infused 
intravenously for 4 min and the hemody- 
namic measurements were made before and 
at the end of the infusion. Between all the 
interventions a period of 30-40 min was al- 
lowed for the hemodynamics to become sta- 

ble. At the start of the second angiotensin I1 
infusion, the diamide was given intravenously 
as in the case of prostaglandin F2a. 

The data are given as the mean and stan- 
dard error of the mean. The hemodynamic 
changes (A) produced by hypoxia, prosta- 
glandin F2a, or angiotensin 11, before and after 
diamide, in the same dogs, were compared by 
the paired t test. In those dogs exposed to 
several hypoxic challenges, the challenge im- 
mediately prior to the diamide infusion was 
used for comparison. 

Results. The reduction in the inspired ox- 
ygen tension produced a reproducible in- 
crease in pulmonary arterial pressure and re- 
sistance (first hypoxic challenge: A PpA 14 f 1 
mm Hg and APVR 2.8 f 0.5 mm Hg/liter/ 
min; and second challenge: APpA 13 k 2 mm 
Hg and APVR 2.5 k 0.6 mrn Hg/liter/min) 
(Table I). The systemic arterial blood gases 
after 15 rnin of hypoxia for the two challenges 
were: PO2 33 f 1 and 32 f 1 mm Hg; K O 2  
27 f 1 and 27 f 1 mm Hg; pH 7.44 +_ 0.01 
and 7.45 k 0.01. 

Following the intravenous injection of 
diamide in Group 1 dogs, the pulmonary ar- 
tery pressure and pulmonary vascular resis- 
tance after 15 rnin of hypoxia were not sig- 
nificantly different from the normoxic control 
values (+3 f 1 mm Hg and -0.1 k 0.4 mm 
Hg/liter/min, respectively) (Figs. 1 and 2 and 
Table I). The systemic arterial blood gases were 
P O 2  34 k 1 mm Hg, K O 2  26 k 1 mm Hg, 
and pH 7.46 k 0.01. The same was true of 
Group 2 (APpA + 2 f 1 mm Hg and APVR + 0.3 f 0.3 mm Hg/liter/min after 15 rnin 
of hypoxia) (Table 11). In both groups, both 
the increase in pulmonary arterial pressure 
and pulmonary vascular resistance caused by 
hypoxia, and the absolute level of pressure 
and resistance attained, were reduced (P 
< 0.01) after diamide (Figs. 1-3 and Tables I 
and 11). The systemic arterial pressure, sys- 
temic resistance, and cardiac output were un- 
changed. Forty minutes after diamide, the 
pressor response to hypoxia in Group 1 had 
returned to control levels (Figs. 1 and 2). 

The increase in pulmonary arterial pres- 
sure and pulmonary vascular resistance stim- 
ulated by prostaglandin F2a in Group 1 dogs 
(APp, + 10 k 1 mm Hg and APVR + 3.8 
f 0.5 mm Hg/liter/min) and the absolute lev- 
els of pressure and resistance attained were 
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challenge (02: 12%) or prostaglandin F2a infusion ( 5  pg/kg/min, iv) reduces the pulmonary arterial pressure 
responses. P < 0.01 for the differences between the changes in pressure stimulated by hypoxia and pros- 
taglandin FZa, before and after diamide. 

reduced (P < 0.01) after diamide administra- 
tion (Figs. 1, 2, and Table I). Prostaglandin 
F2a caused a small increase in systemic vas- 

cular resistance in untreated dogs (ASVR + 4 k 2 mm Hg/liter/min). However, after 
diamide, the infusion of F2a was associated 
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FIG. 2. Diamide ( 5  mg/kg, iv) reduces the pulmonary vascular resistance response to hypoxia and 

prostaglandin F2=. P < 0.0 1, as for Fig. 1. 



c
.
 
0
 

0
 

Q
 5= z 

P
A

0
 

PP
A

 
M

P
A

 
P

W
 

co
 

SV
R

 
PV

R
 

A
PV

R 
2 

TA
B

LE
 1

1. 
D

IA
M

ID
E

 
R

ED
U

C
ES

 
TH

E 
P

U
L

M
O

N
A

R
Y

 
PR

ES
SO

R 
R

ES
PO

N
SE

 
T

O
 H

Y
PO

X
IA

 
(G

R
O

U
P 2:
 n
 =

 5
) 

W
 

L
I
 5 

N
or

m
ox

ia
 

13
0 
f
 9
 

11
 f
2
 

3
f
 1 

2.
4 
f
 0.
3 

5
7
f
 
8 

3.
4 
f
 0

.5
 

H
yp

ox
ia

 8
 rn

in
 

16
6 
f
 9
 

23
 f
 2
 

5
f
l
 

2.
9 
f
 0
.3
 

5
9
f
 

5 
6.
1 
f
 0
.6
 

v1
 

H
yp

ox
ia

 1
5 

m
in

 
15
8 
f
 9
 

24
 k

 2
 

13
 f
 2
 

4
f
 1 

2.
9 
f
 0.
3 

5
7
f
 
6 

6.
9 
f
 0

.5
 

3.
5 
f
 0.
4 

N
o r

m
 o x

 i a
 

13
0 
f
 7
 

10
 f
 2
 

3
f
 1 

2.
3 
f
 0.
2 

5
8
f
 6

 
H

yp
ox

ia
 8
 m

in
 

15
6 
f
 9
 

22
 f
 2
 

4
f
 1 

2.
8 
f
 0.
2 

5
8
f
 7

 
6.
5 
f
 0.
6 

D
ia

m
id

e 
- 

0
 

0.
3 
f
 0.
3*
 

D
ia

m
id

e 
2 

Pr
e-A

11
 (c

on
tro

l) 
12
6 
f
 7
 

11
 k
2
 

3
f
1
 

2.1
 f
 0.
1 

6
2
f
 6

 
4.
4 
f
 0.
8 

1.0
 f
 0.
3 

A1
1 
4 

rn
in

 
18
6 
f
 2
 

19
f 

1 
8
f
1
 

7
f
1
 

2.
3 
f
 0.
2 

8
5
f
 
9 

5.
4 
f
 0.
7 

Pr
e-A

11
 (c

on
tro

l) 
12
9 
f
 5

 
11

 f
 1 

3
f
1
 

2.
0 
f
 0.
2 

6
7
f
 6

 
4.
6 
f
 0
.7
 

<
 

D
ia

m
id

e 
- 

0
 z v, 

3.
4 
f
 0.
8 

g 
H

yp
ox

ia
 1
5 

m
in

 
15
2 
f
 6
 

12
f 

1*
 

2
+
 I*

 
3
+
1
 

2.
5 
f
 0.
2 

6
4
2
 7
 

3.
7 
f
 0.
5*
 

5 

A1
1 
4 

rn
in

 
18
2 

k
 4
 

16 
f
 lt

 
5f

 1 
8
f
 1 

1.7
 f
 0.
2t
 

11
3 
f
 1
4t
 

5.
2 
f
 0.
7 

0.
6 
f
 0.
4 

D
ia

m
id

e 

N
ot

e. 
PA

0,
 ao

rti
c 

pr
es

su
re

 (m
m

 H
g)

; P
p

A
, p

ul
m

on
ar

y 
ar

te
ria

l p
re

ss
ur

e (
m

m
 H

g)
; P

w
, pu

lm
on

ar
y 

w
ed

ge
 p

re
ss

ur
e (

m
m

 H
g)

; C
O

, c
ar

di
ac

 o
ut

pu
t (

lit
er

/m
in

); 
SV

R
, s

ys
te

m
ic

 
va

sc
ul

ar
 r

es
is

ta
nc

e 
(m

m
 H

g/
lit

er
/m

in
); 

PV
R

, 
pu

lm
on

ar
y 

va
sc

ul
ar

 r
es

is
ta

nc
e 

(m
m

 H
g/

lit
er

/m
in

); 
A

II
, 

an
gi

ot
en

si
n 

11
. *

D
iff

er
en

t 
fr

om
 c

on
tro

l 
(p

re
di

am
id

e)
 r

es
po

ns
e 

-1
 ;
 

2 9 
P

 <
 0.
01
. T

D
iff

er
en

t f
ro

m
 c

on
tro

l (
pr

ed
ia

m
id

e)
 re

sp
on

se
 P

 <
 0
.0
5.
 D

at
a 

is
 g

iv
en

 a
s 

m
ea

n 
f
 S
EM
. 



DIAMIDE INHIBITS PULMONARY VASOCONSTRICTION 101 

26 

24 

22 

u x 

E 20 
w 

v) 

a a 

9 18 

2 
a 

W 

U 
> 

16 

a s 
a 

12 

10 

X 

T 

Dl AMID€ 

N - 5  

I 7 
DI AMID€ 

FIG. 3. The administration of diamide (5 mg/kg, iv) to five anesthetized dogs during an hypoxic challenge 
(02:12%) or angiotensin I1 infusion (0.5 pglkdmin) reduces the pulmonary arterial pressure responses. 
P < 0.0 1 for the difference between the changes in pressure stimulated by 15 min of hypoxia, before and 
after diamide. P < 0.05 for the difference between the changes in pressure stimulated by angiotensin 11, 
before and after diamide. 

with a small decrease in systemic resistance 
(ASVR - 3 k 2 mm Hg/liter/min) (P < 0.05). 

The modest increase in pulmonary arterial 
pressure (APpA + 8 mm Hg) caused by an- 
giotensin I1 was slightly reduced by diamide 
in all dogs of Group 2 (APpA + 5 mm Hg; P 
< 0.01) (Fig. 3 and Table 11). However, in- 
fusion of angiotensin I1 after diamide was also 
associated with a small fall in cardiac output. 
Consequently the calculated pulmonary vas- 
cular resistance response to angiotensin I1 did 
not change after diamide (Table 11). 

Discussion. The hemodynamic data dem- 
onstrate that diamide temporarily reverses the 
pulmonary hypertension observed during al- 
veolar hypoxia. It also reduces the pulmonary 
vascular pressor response to prostaglandin FZa 
and induces a small decline in the pulmonary 
arterial pressure response to angiotensin 11. 
The fact that diamide prevents hypoxic pul- 
monary hypertension is of interest because of 
the potential therapeutic implications and the 
possibility that it may help to elucidate the 
mechanism of hypoxic pulmonary vasocon- 
striction. 

A selective pulmonary vasodilator is not 
available for clinical use in patients with pul- 
monary hypertension. As a result, the admin- 
istration of vasodilator agents in the treat- 
ment of pulmonary hypertension often causes 
systemic hypotension. In this study the intra- 
venous administration of diamide markedly 
decreased pulmonary vasoconstriction during 
hypoxia without changing cardiac output, 
aortic pressure, or systemic vascular resis- 
tance. Consequently it would be of interest to 
elucidate the mechanism by which diamide 
has a selective effect in this acute model. The 
observation that the activity of diamide was 
limited to the pulmonary vasculature could 
be due to a specificity of the agent for pul- 
monary arteriolar smooth muscle, or to the 
fact that it reached the pulmonary bed before 
the systemic. In either case, a selective action 
of this sort would be helpful in the manage- 
ment of patients with pulmonary hyperten- 
sion. Clearly, the finding that diamide causes 
pulmonary vasodilatation in the anesthetized 
dog does not mean that it would necessarily 
be effective in patients with chronic pulmo- 
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nary hypertension, but suggests that further 
studies of its mechanism of action are war- 
ranted. Experimental animal studies on the 
pulmonary and systemic hemodynamic ac- 
tions and the side effects of prolonged infu- 
sions of diamide, or a longer-acting analogue, 
would be necessary before any consideration 
could be given to clinical use. 

The mechanism by which diamide pro- 
duces pulmonary vasodilatation is not known, 
but several possibilities exist. (i) Acetylcholine 
has long been known to cause pulmonary va- 
sodilatation in the presence of pulmonary hy- 
pertension (9). Diamide increases acetylcho- 
line release at neuromuscular junctions, prob- 
ably by alteration of membrane protein 
sulfhydryl groups (lo), and consequently a 
higher local concentration of acetylcholine is 
one potential mechanism for the vasodilata- 
tion induced by diamide. (ii) Transmembrane 
calcium flux is necessary for pulmonary va- 
soconstriction during hypoxia ( 1  1). The 
sulfhydryl groups of calcium ATPase in the 
sarcoplasmic reticulum of skeletal muscle are 
essential for its transport function (12, 13). 
Diamide-induced oxidation of sulfhydryl 
groups in calcium-magnesium ATPase de- 
creases the ATPase activity, while reduction 
of the disulfides restores activity (5). The role 
of ATPase activity in the mechanism of hy- 
poxic vasoconstriction is unknown, but the 
inhibition of that activity by diamide and the 
reversal by diamide of hypoxic pulmonary va- 
soconstriction, suggest that further studies may 
be appropriate to explore the possible asso- 
ciation. (iii) The reduction of glutathione di- 
sulfide (GSSG) to glutathione (GSH) results 
in the consumption of NADPH. In vitro ox- 
idation of such pyridine nucleotides by di- 
amide (14) and other agents (1 5, 16) alters 
membrane permeability and calcium flux in 
mitochondria from liver and heart. Whether 
diamide alters calcium transport in pulmo- 
nary vascular smooth muscle mitochondria, 
sarcoplasmic reticulum, or cell membranes is 
unknown, but might constitute the mecha- 
nism of diamide-induced vasodilatation. One 
additional experiment makes it seem plausi- 
ble that sulfhydryl groups may be involved, 
whether in glutathione or elsewhere. Al- 
though diamide, which oxidizes sulfhydryl 
groups, causes pulmonary vasodilatation, 
substances that alkylate sulfhydryl groups 
cause pulmonary hypertension ( 17). 

Whatever the means by which diamide 
causes pulmonary vasodilatation, the agent is 
remarkable for its speed of action, consistent 
effect, and the absence of a systemic hemo- 
dynamic change. The pulmonary vasodila- 
tation induced by diamide was seen to almost 
the same extent during prostaglandin F2a in- 
fusion. This lack of specificity does not in- 
dicate whether diamide is causing vasodila- 
tation by the same mechanism as oxygen, in 
view of the fact that increasing alveolar ox- 
ygen tension also markedly diminishes the 
pulmonary vascular pressor response to pros- 
taglandin FZ, (1  8). 

This work was supported by NIH Grant HL 232 1 1 and 
a grant from the Minnesota Medical Foundation: HRF- 
19-80. We are grateful to Charlie Daering for technical 
assistance and to Margaret Chelmo and Mary Bougetz 
for the preparation of the manuscript. 

1. Kosower NS, Kosower EM, Wertheim B. Diamide, 
a new reagent for the intra-cellular oxidation of glu- 
tathione to the disulfide. Biochem Biophys Res Com- 
mun 37593-596, 1969. 

2. Kosower EM, Kosower NS. Manifestations of changes 
in the GSH-GSSG status of biological systems. In: 
Flohe L, Benohr H Ch, Sies H, Waller HD, Wendel 
A, eds. Glutathione. New York, Academic Press, 

3. Hams JW. Mammalian cell studies with Diamide. 
Pharmacol Ther 7:375-39 1, 1979. 

4. Kosower EM, Correa W, Kinon BJ, Kosower NS. 
Glutathione VII. Differentiation among substrates by 
the thiol-oxidizing agent, Diamide. Biochim Biophys 
Acta 2W39-44, 1972. 

5.  Scutari G, Ballestrin G, Covaz AL. Divalent cation 
dependent ATPase activities of red blood cell mem- 
branes: influence of the oxidation of membrane thiol 
groups close to each other. J Supramol Struct 141- 
11, 1980. 

6. Branca D, Scutari G, Siliprandi N. Diamide effect on 
the hypertonic calcium uptake by rat red blood cells. 
J Cell Physiol 95319-322, 1978. 

7. Kosower EM. A role for glutathione in muscle con- 
traction. Experientia 26:760-76 1, 1970. 

8. Weir EK, Lundquist LJ, Will JA, Chesler E. Tem- 
porary inhibition of the pulmonary vascular pressor 
responses to hypoxia and prostaglandin F2 by diam- 
ide. Fed Proc 40505 abstr 1564, 1981. 

9. Hanis P. Influence of acetylcholine on the pulmo- 
nary arterial pressure. Brit Heart J 19:272-278,1957. 

10. Publicover SJ, Duncan CJ. Diamide, temperature and 
spontaneous transmitter release at the neuromuscu- 
lar junction: stimulation of exocytosis by a direct ef- 
fect on membrane fusion? Eur J Pharmacol70:203- 
211, 1981. 

~~287-302, 1974. 



DIAMIDE INHIBITS PULMONARY VASOCONSTRICTION 103 

11. Tucker A, McMurtry IF, Grover RF, Reeves JT. At- 
tenuation of hypoxic pulmonary vasoconstriction by 
verapamil in intact dogs. Proc Soc Exp Biol Med 

12. Kawakita M, Yasuoka K, Kaziro Y. Selective mod- 
ification of functionally distinct sulfhydryl groups of 
sarcoplasmic reticulum Ca2+,M$+-Adenosine Tri- 
phosphatase with N-Ethylmaleimide. J Biochem 

13. Andersen JP, Moller JV. Reaction of sarcoplasmic 
reticulum Ca2+ ATPase in different functional states 
with 5,S-Dithinobis (2-nitro-benzoate). Biochim Bio- 

14. Palmer JW, Pfeiffer DR. The control of Ca2+ release 
from heart mitochondria. J Biol Chem 256:6742- 
6750, 1981. 

15. Lotscher HR, Winterhalter KH, Carafoli E, Richter 
C. Hydroperoxides can modulate the redox state of 

151:611-614, 1976. 

82609-6 17, 1980. 

phys Acta 485188-202, 1977. 

pyridine nucleotides and the calcium balance in rat 
liver mitochondria. Proc Nat Acad Sci USA 76:4340- 
4344, 1979. 

16. Lehninger AL, Vercesi A, Bababunmi EA. Regula- 
tion of Ca2+ release from mitochondria by the oxi- 
dation-reduction state of pyridine nucleotides. Proc 
Nat Acad Sci USA 75: 1690- 1694, 1978. 

17. Gruhzit CC, Peralta B, Moe GK. The pulmonary 
arterial pressor effect of certain sulfhydryl inhibitors 
J Pharmacol Exp Ther 101: 107- 1 1 1, 195 1. 

18. Tucker A, Weir EK, Grover RF, Reeves JT. Oxygen- 
tensiondependent pulmonary vascular responses to 
vasoactive agents. Canad J Physiol Pharmacol55:25 1 - 
257, 1977. 

Received October 14, 1982. P.S.E.B.M. 1983, Vol. 173. 




