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Haemorrhagic shock was produced in anaesthetized dogs, by rapid arterial bleeding to mean arterial blood 
pressure 35 mmHg, and maintained oligaemic for 4 h followed by return of withdrawn blood(R0WB). 
Dogs were observed for 72 h after ROWB for survival and recovery, and, for histopathological (HP) studies 
on liver, dogs were sacrificed 2 h after ROWB in non-survival experiments. Desferrioxamine mesylate 
(25mg/kg) was administered intra-muscularly at 2,3 and 4 h  after blood loss in survival experiments and 
for HP studies the drug was given at 4 h in one group and at 2 h plus 4 h after blood loss in the second group. 
With the drug given at  3 or 4 h, survival was 70% and 100% while in the 2 h and the untreated groups it 
was 50%. Recovery was rapid in all the drug treated survivors, few became conscious within 30min. 
showed slight activity by 4-6 h, all were almost normally active by 24 and fully so by 72 h after ROWB. 
All the 5 control survivors remained unconscious/drowsy upto 24 h; 3 were sluggish at 72 h. By group 
analysis, serum iron elevation during the oligaemic and at the end of the post-oligaemic phase was less in 
the drug-treated animals. HP changes of shock in the liver studied by light microscopy, were markedly 
reduced in severity and were less prevalent in the drug-treated dogs. The salutory effects of desferrioxamine 
may be due to inhibition of iron catalyzed free-radical production and tissue damage, through its strong 
iron chelating action. It may have a therapeutic advantage in this emergency condition without the 
disadvantages of toxicity inherent in prolonged use. 

KEY WORDS: Haemorrhagic shock, iron catalyzed free-radical production, desferrioxamine, recovery, 
liver, histopthology. 

INTRODUCTION 

Irreversibility of shock states continues to be a therapeutic challenge in the manage- 
ment of the critically-ill. The role of oxygen free-radicals in tissue damage is a new 
dimension to the irreversibility factors. Elevation of serum iron due to its release from 
ferritin in the hypoxic liver of haemorrhagic shock(HS) animals’ is suggestive of the 
possible role of iron in this shock state. Rapid recovery and increased survival rate of 
standard and clinical haemorrhagic shock dogs given desferrioxamine(DF), an iron 
chelator by i.v.infusion, has been reported earlier.’,’ 

Increased generation of activated oxygen  specie^,^ excessive decompartmentaliz- 
ation of iron,5 and, possible interaction between iron metabolism and free-radical 
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generation6 and formation of hydroxyl radical( * OH),’-’ is the likely ‘triad’ operative 
in the low flow state of the tissues in HS. 

Early appearance of histopathological(HP) changes in the organ of shock ani- 
mals,” and their persistance (upto 8 days in the liver”) reflects a relationship between 
extensive tissue damage and irreversibility in the oligaemic and post-oligaemic phase 
of HS. Generation of oxygen free-radicals is enhanced in the ischaemia and reper- 
fusion injury of the tissues.’2-’6 Improved survival rate and recovery with DF adminis- 
tered i.v.in the oligaemic phase of HS2,3 makes it a promising therapeutic possibility 
in its management. In the present study the effect of desferrioxamine on post-oligaem- 
ic shock has been investigated with the drug administered intra-muscularly. In chronic 
iron overload diseases, S.C. infusion and i.m.routes are reported to be equally or more 
effective than the intravenous route.”.’* 

MATERIALS AND METHODS 

Haemorrhagic Shock(HS) Model 

Healthy mongrel dogs of either sex (b.wt.9-17 kg), observed for 10 days for pre- 
experimental activity, feeding and bowel habits, were fasted for 12 h before the 
experiment. HS was produced by the method reported earlier,’ by which dogs re- 
mained oligaemic for 4 h after rapid arterial bleeding to 35 mmHg mean arterial blood 
pressure(MABP), followed by return of withdrawn blood(R0WB) stored in a suitable 
anticoagulant mixture in 4: 1 ratio. Initial MABP and the bleeding volume(BV) were 
noted for each dog. 

Drug Investigated 

Desferrioxamine mesylate(Desfera1) from (CIBA-Geigy Pharmaceuticals was ad- 
ministered intramuscularly as a freshly prepared 10% solution in normal saline. 

Experimental Groups and Parameters of Observation 

Survival experiments There were 4 groups of 10 dogs each, i) the control group, and 
the three DF-groups, with the drug given at: (ii) 2 h, (iii) 3 h and (iv) 4 h after bleeding. 
Survival rate for each group was the number of dogs surviving beyond 72 h after 
ROWB. Survival time of each dog during 24 h after ROWB (Post-oligaemic phase) 
was noted and the total 24h survival time and the Mean SD of each group 
calculated. Post-oligaemic recovery pattern was determined at different time intervals 
after ROWB in terms of, return of consciousness, level of activity, feeding and bowel 
movements. Serum iron elevation during the oligaemic and at  the end of 2 h post- 
oligaemic phase was calculated in relation to the pre-bleeding(initia1) value for each 
animal, and from this the Mean f SD O h  change for each group was obtained. Serum 
iron was estimated by the method of Ramsay” which calculates total iron without 
need for correction for DF.” Influence of initial MABP, BV (ml/kg) and serum iron 
rise on 24 h survival time, the 72 h survival rate and recovery, was assessed by group 
analysis and the statistical signiticance was determined by modified student’s t-test for 
unequal numbers. 
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Histopathological( H P )  changes of shock in liver 

HP changes of shock were studied in survival experiments in three groups of 6 dogs 
each: (i) control group, (ii) drug (25mg/kgi.m.) given at the end of 4 h  oligaemic 
phase, and, (iii) drug given in two doses (25 mg/kg each) at the end of 2 h and 4 h of 
the oligaemic phase. Liver was removed at the end of the 2 h post-oligaemic phase and 
immediately immersed in 10% formalin for subsequent sectioning (sections of 5-6 u 
thickness) and staining with haematoxylin and eosin for HP study by light micro- 
scopy. 

RESULTS 

Survival beyond 72 h and recovery during 72 h after RO WB (Table 1) 

All the dogs which received D F  at the end of 4 h oligaemic phase survived beyond 72 h 
while only 50% survived with the drug at 2 h and in the control group. All the five 
control survivors remained unconscious/drowsy upto 24, and, at  72h two were 
drowsy and three were sluggish. Amongst the twenty two DF-treated survivors, three 
were conscious within 30 min, all (except two) by 4-6 h, all were almost normal by 24 h 
and fully active by 72 h. The recovery was rapid in the 3 and the 4 h DF groups and 
dogs took milk feed soon after return of consciousness, while most of the controls had 
poor feeding upto 72 h. All the controls had bloody diarrhoea or blackish stools in 
the first 24-48h, persisting in some upto 72h. In most of the DF-treated dogs, 
diarrhoea was less severe and bowel movements were nearly normal by 48 h. There 
is RO correlation of the survival time and rate with the initial MABP and BV. 

Group Survival Time over 24 h after RO W B  (Table 1) 

During 24 h after ROWB, more dogs survived in the 3 and the 4 h DF-groups as 
compared to the control group and the individual D F  dogs survived longer. The 4 h  
DF-group has the maximum total (240 h )  and the mean (24.0 h) survival time, and, 
that of the control group is minimum ( I  22 h 03 min) as the total, and (12.05 h) as the 
mean. The differences between the groups are obvious, however, statistically signifi- 
cant only between the 4 h and 2 h DF-groups, and the 4 h and the control group. 

Changes in Serum Iron(SI) Levels (Tables 1 and 2) 

During the 4 h oligaemic phase of HS, both in the survival (Table I) and non-survival 
experiments (Table 2), the control and the groups given the drug at the end of 
4 h oligaemia, showed a higher mean serum iron elevation than the respective (Table 
1 and 2) drug-treated groups given D F  at 2 or 3 h after bleeding, and, the difference 
from the 2 h group is statistically significant. At the end of 2 h post-oligaemic phase 
(Table 2) the two dose (at 2 h + 4 h) DF-group had the minimum mean value and % 
age rise of SI, and the difference from the control and the single dose (at 4h)  
DF-group is statistically significant. 

Post-OIigaemic Histopathological changes in the Liver (Table 2, Figure 1,2 and 3) 
In the control group the HP changes of shock in the liver, removed after the post- 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Il
lin

oi
s 

C
hi

ca
go

 o
n 

11
/0

2/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



W
 

N
 

T
A

B
L

E
 1

 
Ef

fe
ct

 o
f D

es
fe

rr
io

xa
m

in
e 

m
es

yl
at

e 
(2

5 m
g/

kg
 i.

m
.) 

ad
m

in
is

te
re

d 
at

 d
iff

er
en

t h
ou

rs
(h

)*
 a

fte
r r

ap
id

 a
rte

ria
l b

le
ed

in
g 

of
 a

na
es

th
et

iz
ed

 d
og

s 
to

 M
A

B
P 

35
 m

m
H

g 
an

d 
m

ai
nt

ai
ne

d 
ol

ig
ae

m
ic

 fo
r 4

 h
, o

n 
se

ru
m

 ir
on

 ri
se

 a
bo

ve
 th

e 
pr

e-
bl

ee
di

ng
 (i

ni
tia

l) 
va

lu
es

, g
ro

up
 su

rv
iv

al
 ti

m
e 

du
rin

g 
24

 h,
 a

nd
 s

ur
vi

va
l a

nd
 re

co
ve

ry
 p

at
te

rn
 

ov
er

 7
2 h

, a
fte

r 
re

tu
rn

 o
f w

ith
dr

aw
n 

bl
oo

d 
(R

O
W

B
). 

C
or

re
la

tio
n 

of
 s

ur
vi

va
l a

nd
 r

ec
ov

er
y 

w
ith

 s
er

um
 ir

on
 e

le
va

tio
n,

 M
A

B
P’

 a
nd

 b
le

ed
in

g 
vo

lu
m

e 
(B

V
)’ 

Se
ru

m
 I

ro
n 

(u
g/

10
0m

l) 
Su

rv
iv

al
 ti

m
e 

up
to

 2
4 h

 a
fte

r 
R

O
W

B
 

Su
rv

iv
al

 b
ey

on
d 

72
 h 

af
te

r 
R

O
W

B
 

B
ef

or
e 

A
t 

th
e 

en
d 

of
 4

 h
 

O
lig

ae
m

ia
 

O
lig

ae
m

ia
 

R
et

ur
n 

of
 c

on
sc

io
us

ne
ss

 a
nd

 
ad

m
in

is
tra

tio
n 

(h
)*

 
In

iti
al

 
R

is
e 

M
ea

n 
k
 S

D
 

G
ro

up
 

to
ta

l 
Su

rv
iv

or
s 

re
co

ve
ry

 o
f 

su
rv

iv
or

s 
ov

er
 

D
%

 

af
te

r 
bl

ee
di

ng
 

M
ea

n 
k
 S

D
 

M
ea

n 
f
 S

D
 (%

) 
(h

) 
(h

) 
(m

in
) 

(n
o.

) 

C
on

tr
ol

 
(1

0)
 

10
7.

1 
“5

1.
25

 
12

.0
Y

 
12

0 
30

 
5 

24
 h:

 3
 U

N
 2

 D
R

 

2h
* 

(1
0)

 
11

4.
0 

16
.9

3 
13

.2
2”

’ 
I3

2 
15

 
5 

M
h

:
 2S

L
 

72
 h 

at
 (

h)
 a

fte
r 

R
O

W
B

 

f
 6

.7
8 

f4
.8

1 
(6

) 
-
 + 1

2.
59

 
72

 h:
 2

 D
R

 3
 S

L,
 f

ee
d 

po
or

 

f
 5.

01
 

f
 10

.4
8 

(8
) 

f
 1

1.
64

 
24

 h:
 a

ll 
fa

irl
y 

m
ob

ile
, 

fe
ed

 +
 

fe
ed

 n
or

m
al

 

-
 + 6

.5
 

k 
13

.4
4 

-
 + 1

1.
25

 
4-

6 
h:

 a
ll 

C
N

 4
 S

L
 

72
 h:

 a
ll 

fu
lly

 a
ct

iv
e,

 

3h
* 

(1
0)

 
11

1.
2 

‘3
9.

83
 

1
7

M
Y

 
16

9 
45

 
7 

O
ne

 C
N

 w
ith

in
 3

0m
in

 

24
 h

: a
ll 

al
m

os
t n

or
m

al
ly

 

72
 h

: a
ll 

fu
lly

 a
ct

iv
e 

m
ob

ile
 

4h
* 

10
) 

11
1.

0 
d5

7.
15

 
24

.W
’ 

24
0 

- 
10

 
Tw

o 
C

N
 w

ith
in

 3
0 

m
in

 
-
 + 5

.9
8 

-
 + 8

.4
7 

f
 0

.0
0 

4-
6 

h:
 2

 U
N

 8
 S

L 
24

 h
: a

ll 
fu

lly
 a

ct
iv

e 
an

d 
la

te
r. 

N
o.

 o
f d

og
s 

in
 p

ar
en

th
es

es
: P

 V
al

ue
s:

 a
-b

 &
 d

-b
 
=

 
<

 0.
00

1;
 c

-b
 
=

 
<

 0.
01

; x
-y

’ 
&

 x
’-y

’ 
=

 
<

 0
.0

1.
 U

N
: U

nc
on

sc
io

us
; C

N
: C

on
sc

io
us

; D
R

: D
ro

w
sy

; 
SL

: 

T
he

 d
iff

er
en

ce
s b

et
w

ee
n 

M
ea

n 
f
 S

D
 o

f: 
1.

 I
ni

tia
l M

A
B

P’
 (

m
m

H
g)

 o
f 

co
nt

ro
ls

 (
11

0.
9 
k
 6

.1
3)

 an
d 

D
F-

gr
ou

ps
 (

10
5.

5 
2 

28
.5

9;
 1

22
.5

 f
 3

3.
18

 a
nd

 1
08

.5
 f
 1

7.
38

), 
2.

 B
V

* (
m

l/k
g)

 o
f 

co
nt

ro
ls

 (2
1.

06
 

Sl
ug

gi
sh

 

7.
9)

 a
nd

 D
F-

gr
ou

ps
 (

18
.9

3 
f
 4

.5
5;

 2
1.

89
 k
 2

.5
2 

an
d 

19
.4

5 
&

 7
.4

8)
. a

re
 s

ta
tis

tic
al

ly
 i

ns
ig

ni
fic

an
t. 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Il
lin

oi
s 

C
hi

ca
go

 o
n 

11
/0

2/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TA
B

LE
 2

 
Ef

fe
ct

 o
f 

D
es

fe
rr

io
xa

m
in

e 
m

es
yl

at
e 

(2
5 m

g/
kg

 i
.m

.) 
ad

m
in

is
te

re
d 

at
 d

iff
er

en
t h

ou
rs

(h
)*

 a
ft

er
 r

ap
id

 a
rt

er
ia

l 
bl

ee
di

ng
 o

f 
an

ae
st

he
tiz

ed
 d

og
s 

to
 3

5 m
m

H
g 

an
d 

m
ai

nt
ai

ne
d 

ol
ig

ae
m

ic
 fo

r 4
 h

, o
n 

se
ru

m
 ir

on
 (S

I)
 ri

se
 ab

ov
e 

th
e 

pr
e-

bl
ee

di
ng

 (i
ni

tia
l) 

va
lu

es
, d

ur
in

g 
ol

ig
ae

m
ic

 ph
as

e 
an

d 
at

 th
e 

en
d 

of
 2

 h
 a

ft
er

 re
tu

rn
 o

f w
ith

dr
aw

n 
bl

oo
d,

 a
nd

. 
on

 th
e 

hi
st

op
at

ho
lo

gi
ca

l 
ch

an
ge

s 
in

 t
he

 li
ve

r r
em

ov
ed

 a
t 

th
e 

en
d 

of
 2

 h
 p

os
t-o

lig
ae

m
ic

 p
ha

se
. 

‘S
er

um
 I

ro
n 

(p
g/

 10
0 m

l) 

D
ru

g 
B

ef
or

e 
A

t 
th

e 
en

d 
of

 4
 h

 
A

t 
th

e 
en

d 
of

 2
 h 

ad
m

in
is

tr
at

io
n 

O
lig

ae
m

ia
 

O
lig

ae
m

ia
 

po
st

-o
lig

ae
m

ic
 p

ha
se

 
af

te
r 

bl
ee

di
ng

 
(I

ni
tia

l)
 

O
ve

r 
2%

 a
ge

 r
is

e 
ov

er
 in

iti
al

 le
ve

l) 
D

eg
re

e 
an

d 
pr

ev
al

en
ce

 o
f 

hi
st

op
at

ho
lo

gi
ca

l 
(h

)*
 

M
ea

n 
k
 S

D
 

M
ea

n 
f
 S

D
 %

 
M

ea
n 
f
 S

D
 Y

O
 

ch
an

ge
s 

in
 t

he
 li

ve
r 

C
on

tr
ol

 (
6)

 
88

.8
2 

f
 20

.4
7 

4h
* 

(6
) 

10
4.

7 
f
 75

.9
0 

?h
* 

(6
) 

78
.4

 
+ 4

h*
 

f
 1

4.
18

 

“6
3.

83
 

f
 1

1.
44

 

h7
4.

68
 

-
 + 1

4.
05

 

‘4
9.

95
 

f
 1

1.
48

 

d’
I 1

7.
7 

M
ar

ke
d 

di
la

ta
tio

n 
of

 c
en

tr
ilo

bu
la

r 
ve

in
 

(C
LV

) w
ith

 p
er

i-c
en

tri
lo

bu
la

r 
ve

in
 p

re
ss

ur
e 

ch
an

ge
s 

(P
-C

LV
PC

), 
si

nu
so

id
al

 c
om

pr
es

si
on

, 
ce

llu
la

r b
re

ak
 u

p.
 t

ra
ns

lu
ce

nt
 a

nd
 

va
cu

ol
at

ed
 h

ep
at

oc
yt

es
 -

 a
 p

re
do

m
in

an
t 

pi
ct

ur
e 

in
 f

ou
r 

do
gs

. i
n 

fe
w

 a
re

as
 in

 o
ne

 a
nd

 
ch

an
ge

s 
m

ild
 in

 o
ne

. M
od

er
at

e 
ne

ut
ro

ph
ili

c 
in

fil
tra

tio
n 

pr
es

en
t 

in
 a

ll 
an

d 
m

ar
ke

d 
in

 o
ne

. 

C
LV

, P
-C

LV
PC

 a
nd

 o
th

er
 c

ha
ng

es
 o

f 
m

od
er

at
e 

pr
ev

al
en

ce
 a

nd
 s

ev
en

ty
 in

 f
ou

r 
an

d 
m

ild
 in

 t
w

o,
 in

te
rs

pe
rs

ed
 w

ith
 n

ea
r 

no
rm

al
 l

ob
ul

ar
 p

at
te

rn
. 

C
LV

, P
-C

LV
PC

 a
nd

 o
th

er
 c

ha
ng

es
 w

er
e 

m
ild

 in
 f

ou
r 

an
d 

m
od

er
at

e 
in

 t
w

o,
 p

re
- 

do
m

in
an

tly
 s

o 
in

 m
os

t 
ar

ea
s,

 in
te

rs
pe

rs
ed

 
w

ith
 n

ea
r 

no
rm

al
 l

ob
ul

ar
 p

at
te

rn
. 

-
 + 7

.2
3 

h’
99

.6
9 

-
 

+2
1.

23
 

“7
3.

07
 

k
 13

.5
7 

To
ta

l 
N

o.
 o

f 
do

gs
 in

 P
ar

en
th

es
es

 
+S

I e
st

im
at

io
n 

in
 5

 d
og

s 
ea

ch
 g

ro
up

. 
P 

va
lu

es
: 

W
 

W
 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Il
lin

oi
s 

C
hi

ca
go

 o
n 

11
/0

2/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



34 S.  SANAN er al. 

FIGURE 1 Photomicrograph of the liver of a control dog, removed at the end of 4 h oligaemic followed 
by 2 h post-oligaemic phase of haemorrhagic shock (HS): showing very marked centrilobular vein (CLV) 
dilatation with peri-centrilobular vein pressure changes (P-CLVPC). Loss of normal lobular pattern, 
obliteration of sinusoids and vacuolation of hepatocytes is predominant (H & E x LOO). 

FIGURE 2 Photomicrograph of the liver of a single dose DF-treated HS dog, removed 2 h after 
desferrioxamine injection and return of withdrawn blood (interval subsequent to bleeding same as in the 
control dog). There is moderate dilatation of the centrilobular vein with partial peri-centrilobular vein 
pressure changes. Sinusoidal spaces and normal lobular pattern are evident and few vaculotated cells are 
seen (H & E x 100). 
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FIGURE 3 Photomicrograph of the liver of a two dose DF-treated HS dog. removed 2 h after the second 
desferrioxamine injection and return of withdrawn blood (as in the one dose group). First injection was 
given 2 h after bleeding. Centrilobular vein not dilated. lobular pattern and sinusoidal spaces appear near 
normal and vacuolation seen in very few cells ( H  & E x 100). 

oligaemic phase of 2 h, were severe, predominant and occurred in all the dogs and the 
normal lobular pattern was scanty. In the DF-treated dogs, changes were predomi- 
nantly moderate and mild respectively in the one dose and the two dose groups, and 
the normal lobular pattern was more prevalent. 

DISCUSSION 

State of shock following acute blood loss in the oligaemic phase may continue or even 
be perpetuated after replacement of lost blood,21 and, this is termed as the post- 
oligaemic or post-infusion phase of HS. Irreversible post-infusion fall in blood 
pressure was attributed to a myocardial depressant factor (MDF) dectected in the 
plasma of experimental animals" released from pancreas" and i n t e ~ t i n e . ~ ~  The role of 
superoxide radical ( -  0; ) and its dismutation product HzOz, in ischaemia and reper- 
fusion injury of tissues, and protection by superoxide di~mutase,"-'~ adds a new 
dimension to the cause of irreversibility. The results of the present study on desfer- 
rioxamine in HS, have relevance to the possible role of iron catalyzed oxygen derived 
free-radicals in the organ damage in this shock state. 

Widespread tissue ischaemia/hypoxia and acidosis are accompaniments of the 
oligaemic phase of HS, and, deterioration of the organ function initiated in this period 
extends into the post-oligaemic phase. Decreased ATP syn thes i~ , l~~*~  deranged ATP- 
dependant Na+ K+ pump of cell plasma membrane," release of proteolytic enzymes 
from disrupted lysosomes possibly injuring more normal cells and sublethal mito- 
chondrial damage seen in the liver within one hour of the bleeding," and, increased 
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generation of superoxide radical ( * 0; ) due to enhanced leakage of electrons from the 
damaged m i t o ~ h o n d r i a ~ ~ . ~ ~  may well be the initial events, subsequently self perpetuat- 
ing, in the progressive deterioration of HS. Any increase, in the generation of -0; and 
consequently of hydroxyl radical ( -  OH) from - 0; and its dismutation product H 2 0 2  
by the Haber-Weiss reaction, and of other powerful implicates i r ~ n , ~ ” ~ ’  
and aggravates cell damage through lipid pe r~x ida t ion~~  and its cytotoxic end 
products.33 Acidosis of HS favours formation of * HO; from - 0, ; the former crosses 
the biological membranes more easily, participates in lipid pe r~x ida t ion ,~~  keeps iron 
in Fe2+ state and is a most potent free-radical generat~r . ’~ Recently, the ability of 
oxyhaemoglobin and methaemoglobin to generate * OH and another highly reactive 
species in the presence of H 2 0 2 ,  has been r e p ~ r t e d ; ~ ~ . ~ ~  its relevance to shock state 
could be significant in the presence of haemorrhages in the hypoxic tissues. 

Activation of phagocytes due to tissue injury of haemorrhage and ischaemia/ 
h y p ~ x i a , ~  enhanced oxidative metabolism and consequent tissue damage,7.384 are 
factors conducive to early and sustained decompartmentalization of iron; this state of 
‘acute iron overload’ in the present context, is enhanced by lowered threshold for 
transferrin ~a tura t ion .~  Serum iron rise (possibly a reflection of the decompartmen- 
talized iron) during 4 h of oligaemia (Tables 1 and 2) confirms that reported by Janoff 
el af.’ A superoxide radical ( -  0; ) dependant release of iron from the liver ferritin& 
can be immediately used for the formation of .OH radi~a l .~’  The reactions between 
superoxide and redox active iron assume toxicological significance in HS because of, 
(i) tissue hypoxia-initial cellular damage-release of lysosomal enzymes and further 
tissue damage, (ii) free-radical generation interacting with excessive decompartmen- 
talisation of iron, and (iii) acidosis, an inevitable accompaniment of severe and 
prolonged low flow state. 

A link between toxicity of activated oxygen and the normal and pathological 
metabolism of iron, and the value of iron chelation in preventing the chain reactions, 
has been ~uggested.~.’ DF, a powerful iron chelator and a free radical ~cavenger ,4~.~~ 
firmly binds the Fe3+ salts, preventing their reduction, and hence production of -OH 
radical@45 and other oxidants.46 Thus the detoxication of iron loaded cells47 with D F  
would be continual, and the suppression of tissue damage reported in whole animals, 
hepatocytes and other cellular  system^*^^*-^^ and that observed in the present HP 
studies, expectedly sustained. Clinically, D F  is used in chronic iron overload disease 
such as haemochromat~sis~~ and in j3-thalassaemia, a condition with transferrin 
saturation and excess i r ~ n ’ ~ . ’ ~  possibly mediating free-radical cell damage.47 Desfer- 
rioxamine is a specific antidote for acute iron poisonings4 and its use in a shock like 
episode in haemochromatosis has been ~peculated.~‘ 

A post-oligaemic salutory effect of desferrioxamine is evident from the more rapid 
recovery, longer survival time and higher survival rate with the drug at 3 or 4 h after 
blood loss (Table I )  and a smaller rise in serum iron levels during the post-oligaemic 
phase (Table 2) and reduction of the HP changes in the liver with the drug at 4 h and 
2 plus 4 h (Figures 2 and 3). With D F  given at  the end of the oligaemic phase or a short 
time earlier, the iron catalyzed free-radical production and the tissue damage continu- 
ing in the post-oligaemic phase of HS are presumably more effectively arrested due 
to greater availability of the iron chelating agent in the immediate post-oligaemic 
phase of HS. Early return of consciousness and rapid recovery of the animals is 
suggestive of similar effect on the other vital organs and a salutory effect on CNS 
which is highly vulnerable to free-radical mediated tissue damage in the absence of 
iron binding antioxidants in CSF.* 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Il
lin

oi
s 

C
hi

ca
go

 o
n 

11
/0

2/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



HAEMORRHAGIC SHOCK A N D  DESFERAL 37 

The results of the present study with desferrixoamine, such as increase in the 72 h 
survival rate and 24 h survival time, rapid recovery, concomitant minimising of serum 
iron elevation and the histopathological changes (Tables 1 and 2; Figure 1, 2 and 3) 
are indirect evidence for the crucial role of iron in the severe tissue damage and 
irreversibility of HS, and support the speculation that this agent may emerge as a life 
saving drug for this critical clinical condition. Its efficacy by intramuscular route, in 
either phase of HS, is of distinct advantage in this emergency condition. Its strong 
chelating action,5s of dubious vlaue due to cerebral and ocular t o x i ~ i t y ~ " ~ ~  with 
prolonged use in chronic conditions,s' could be of advantage for emergency use in the 
critically ill. 
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