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ABSTRACT

In the rabbit, intraarterial infusion of 5 ug/min
of terbutaline within the first two hours after
moderate thermal injury prevents edema and reduces
augmented lymph flow, lymphatic protein transport,
and tissue fluid protein concentration. Terbutaline,
however, fails to prevent edema 4 hours after ther-
mal injury although the increase of leg volume (24%)
is less than in the untreated, burned control leg
(56%). A higher dose of terbutaline (15 ug/min) also
fails to block edema 4 hours after burning and its ef-
fect on leg volume, lymph flow, and lymphatic pro-
tein concentration is similar to that of 5 ug/min in-
fusion. Terbutaline does not alter the extent of tissue
injury after burning as the increase in tissue fluid
lactic dehydrogenase and potassium are similar with
‘“treated” and ‘“‘untreated’’ burns.

Histamine and bradykinin are con-
sidered important mediators for increased
microvascular permeability in various in-
flammatory conditions. In the hamster
cheek pouch increased microvascular
permeability induced by these agents is
blocked by topical application of the 2
agonist, terbutaline (16). Infusion of ter-
butaline also prevents increases in lymph
flow and lymphatic protein transport in-
duced by histamine and bradykinin in the
dog hind limb (2, 16). In the present study,
we examined the effect of terbutaline on
edema formation, regional lymph flow and
lymphatic and tissue fluid protein concen-
trations after thermal injury in the rabbit

hind limb.

MATERIALS AND METHODS

Experiments were carried out using rab-
bits of both sexes of grey Hungarian stock
with body weights of 3.2-4.0kg under pen-
tobarbitone anesthesia. In 16 rabbits a hind
limb was immersed for 20 seconds up to the
knee joint in a water bath of 80°C. Im-
mediately after scalding in 8 rabbits ter-
butaline (Bricanyl-Geigy) was infused into
the femoral artery of the burned leg at a
rate of 5 yug/min. The other 8 rabbits
served as untreated controls. In each rabbit
a prenodal popliteal lymphatic vessel was
cannulated in both hind limbs. Lymph was
collected 30 minutes after thermal injury
and was continued in 30 minute intervals
for 90 minutes. The volume of the burned
limb was measured before and 2 hours after
scalding by water displacement after limb
immersion in a graduated cylinder. Popliteal
arterial blood was sampled before and 2 or
4 hours after scalding.

In a further group of 20 rabbits one
hind limb was burned as described above.
In 10 of these rabbits terbutaline was in-
fused intraarterially at a rate of 5 ug/min
with the other 10 rabbits receiving no infu-
sion and serving as “untreated” controls.
Tissue fluid was sampled from both legs by
the cotton wick method. Three-four cotton
threads 4-6cm long were sewn one hour
after burning into the subcutaneous tissue
of the shank. The threads were withdrawn
after one hour and the fluid expressed.
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Four hours after burning the volume of
each hind leg was measured as previously
described.

In six other rabbits popliteal lymph was
collected for four hours after burn and in
three of these rabbits intraarterial ter-
butaline was infused at 15 ug/min while the
other three were used as controls.

In blood plasma, popliteal lymph and
hind limb tissue fluid total protein was
measured according to Lowry et al(8) and
in tissue fluid lactic dehydrogenase (LDH)
activity was determined by method of

Wroblevsky and La Due (19).

RESULTS

The data shown in the text, tables, and
figures represent means+ S.E.M.

In control (“untreated”) rabbits the
volume of the burned leg increased 35% in
two hours from 105 to 142 ml, whereas in
rabbits receiving 5 ug/min terbutaline there
was no volume change. After four hours,
however, in the “treated” rabbits, the leg
volume increased by 24% (from 116 to 144
ml) but in control rabbits the burned leg
volume increased by 56% (108 to 169 ml)
(Table I). Terbutaline also reduced lymph
flow in the burned extremity. Thus in the
burned leg of controls, lymph flow varied
in the three collection periods between
22.7+#4.2 and 3.4+ 5.5 ul/min/g body
weight whereas in the terbutaline infused
rabbits lymph flow was between 6.2+ 2 and
9.2+5.3 ul/min (p<0.05). Terbutaline also
reduced popliteal lymph flow in the non-
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Fig. I: Effect of terbutaline on lymph flow, lymph
protein concentration and lymphatic protein transport
in the burned leg of rabbits. Full lines: burned leg;
broken lines: intact leg.

burned leg. Thus mean lymph flow in un-
burned legs without terbutaline was
7.8+0.2 ul/min whereas in rabbits receiving
terbutaline the flow was 5.4+ 0.1 ul/min
(p<0.01)(Table 2). Less marked changes
were also observed in the protein concen-
tration of popliteal lymph (Fig. 1). The

Table 1.
Effect of Terbutaline on the Volume of Rabbit Hindlimbs/ml after Burning

CONTROLS TERBUTALINE
Time Dose Burning Diff Burning Diff
(Hours) n  ug/ml Before After % Before After %
2 8 5 105+8 142+8 35 112+5 111+3 0
4 10 5 108+3 169+ 6 56 1165 144 £ 4 24
4 3 16 97 +1 148 +10 52 113+8 145+ 10 28
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average protein concentration in the
burned leg lymph of untreated rabbits was
42.1g/1 whereas in rabbits receiving ter-
butaline it was 33.8g/1 (p<0.01). In the un-
burned leg the protein concentrations were
24.8 and 20.5g/1 without and with ter-
butaline respectively. Protein transport in
the burned extremity of untreated controls
was 114.5+10.8 or approximately 6x the
unburned leg (19.2+5.2 ug/min/kg) and ap-
proximately 5x higher than rabbits with
burned legs receiving terbutaline (24.7+2.1
and approximately 11x greater than non-
burned legs with terbutaline (10.8+2.1
pg/min/kg) (Table 2). Terbutaline also in-
fluenced the protein content of tissue fluid.
Thus, total protein in tissue fluid of the
burned leg of untreated controls was
31.6+4.0 g/1 and in the normal leg
14.8+1.6g/1. The same values in “treated”
rabbits were 23.1+1.4 and 11.9%1.4g/1
respectively. For the burned legs the dif-
ference was significant (p<0.05).

Table

The difference in protein escape into
the extravascular space is reflected also in
loss of protein from blood plasma. With
burned rabbits without terbutaline, plasma
total protein concentration decreased in
two hours by about 10% whereas in ter-
butaline treated rabbits by 3.7% (p<0.05).

Terbutaline did not influence the
degree of tissue injury by burning. In un-
treated rabbits scalding increased tissue
fluid LDH activity from 473 +66 (normal leg)
to 10829+1279mU/ml. In “treated” rabbits
the change was from 498+ 130 to
12776 +2355mU/ml. Tissue injury was also
associated with a higher potassium concen-
tration in lymph from the burned limb
(4.6+0.15mmol/l) compared to the un-
burned limb (3.33+0.25mmol/1); these
values were unaffected by terbulaline.

A higher dose of terbutaline (15
ug/min/kg) did not prevent edema forma-
tion four hours after burning and its effect
on leg volume, lymph flow, and lymphatic

2

Mean Lymph Flow Rate, Protein Concentration and Transport
in the Rabbit Hindlimb after Burn

Terbutaline Collection Lymph flow ul/min/kg
dose ug/min  n period min
Controls Terbutaline
intact leg burned leg intact leg burned leg
5 8 30-120 78+0.2 27.3+£25 54+1.0 74+09
15 30-120 6.1+£0.4 23.4+1.4 45+0.2 8.0+£0.6
15 120-240 6.1+0.3 19.9+2.1 42+01 10.0+0.9
Lymph Total Protein g/l
5 30-120 248+0.7 421+0.4 205+1.4 33614
15 30-120 224+1.8 40.3+05 21615 341+14
15 120-240 20.8+1.1 39.7+£1.5 26.3+1.0 34.0+0.9
Protein Transport ug/min
5 30-120 19.2+52 1145+108 108=x21 24.7+4.2
15 30-120 13.2+29 945+53 79+1.0 272+ 21
15 120-240 12.7+ 3.4 76.6+6.2 9.4+ 3.1 34.0+4.2
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protein transport was similar to that after
infusion at 5 ug/min/kg (Table 1,2).

During 210 minutes of lymph collec-
tion, mean lymph flow in the burned leg
without terbutaline was 21.0+1.4ul/min/kg
compared with the unburned leg of 6.1+0.4
ul. In rabbits receiving terbutaline lymph
flow was 9.6 +0.6 (burned) and 4.3+0.2
ul/min (nonburned). Protein concentration
in the lymph of the burned extremity was
slightly higher in “untreated” controls than
in “treated” rabbit (39.9+1.2 versus
34.0x1.0g/1; p<0.05). Mean lymphatic pro-
tein transport was, however, substantially
greater in the burned legs of “untreated”
controls than in rabbits receiving ter-
butaline but the effect of 15 ug/min infu-
sion on lymph protein concentration and
transport was similar to terbutaline infu-
sions of 5 ug/min (Table 2).

DISCUSSION

Histamine-type mediators may be im-
portant factors in protein leakage and
edema formation after moderate thermal in-
jury. Until recently it has generally been
assumed that increased microvascular
permeability after scalding is secondary to
physical forces (15). Contraction of large
veins increases venular pressure with disrup-
tion of the vein wall and development of
submicroscopic gaps between endothelial
cells (10). The effect of histamine and
bradykinin on microvascular permeability,
however, is independent of increased
venular pressure (7,9). Rather, the increased
protein flux signaled by increased lymph
flow and total protein concentration is at-
tributable to a direct effect on the
microvascular membrane. Bradykinin
generates, for example, greater permeability
to fluorescent macromolecules and electron
microscopy of leaking venules reveals for-
mation of large gaps as endothelial cells
separate (11, 12, 17). In these experiments
(7, 9) simultaneously administered
catecholamines not only prevents protein
leakage but also decreases development of
venular gaps.

Experimental second degree burns pro-
duced by brief immersion in hot water in-
crease lymph flow and lymphatic protein
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transport (3,4,6,14) changes similar to that
seen after administration of histamine and
bradykinin. Indeed, Cope et al (4) recog-
nized that these physiological effects of ther-
mal trauma may be ameliorated by adrenal
cortical and posterior pituitary extracts. In
the present study terbutaline, a 2 agonist,
markedly reduced edema formation and
protein efflux after a scalding burn, but this
effect was most noticeable in the first two
hours after burn. After two hours edema
formation was not blocked even when the
dose of terbutaline was increased three-fold
and plasma protein extravasation, although
reduced, was not eliminated.

Edema formation and capillary leakage
in second degree burns is not simply a con-
sequence of derangements in blood flow
and microvascular pressure. With thermal
injury, as with administration of histamine
or bradykinin there is regional arterial
vasodilatation but postcapillary resistance is
not increased and microvascular filtration
pressure rises only slightly (1,13,17). These
hemodynamic effects are transient and
limited primarily to the first hour after in-
jury (1). Edema accumulation continues,
however, long after. Thus terbutaline’s
beneficial effect during the first two hours is
likely other than its  agonist vasoactive ac-
tion and its inability to block edema forma-
tion thereafter signifies some other ongoing
process.

Second degree burns locally injure cells.
The concentration of cytoplasmic enzymes,
especially LDH in the tissue fluid is a sen-
sitive indicator of tissue injury (18). Because
terbutaline does not alter the rise in tissue
fluid LDH after burns, this agent’s activity
is not directed at altering the degree of
tissue injury sustained.

Lack of protection against cell injury is
probably the main reason for failure of ter-
butaline to prevent edema formation after
two hours. In the early stages after burn in-
jury, plasma osmolality in venous blood
draining the burned area and tissue fluid
osmolality increase. This derangement
establishes a transcapillary osmotic gradient
which favors fluid extravasation into the
burned region (1). The local increase of
osmolality results from cell destruction or
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injured cell membranes which facilitates
escape of small molecules from cells into the
adjacent extracellular space. However, these
postulated disturbances of osmotic
equilibrium probably occur early post burn
(within 10 minutes) and accordingly it
seems unlikely that this explanation ac-
counts for late formation of edema. During
the first two hours in rabbits receiving ter-
butaline, protein and fluid efflux into the
extravascular space is lower than in burned
controls, and it is likely that functioning
lymphatics adequately cope with modest in-
creases in tissue protein and fluid extravasa-
tion when limited by infusion of this 8
agonist. After this time period, however,
edema results from several other factors.
Progressive microvascular permeability
seems unlikely because already augmented
lymphatic protein transport increases no
further two to four hours after burn (Table
2). On the other hand, a limited lymphatic
drainage capacity is only partly removing
the ever-rising tissue protein load and ac-
cordingly plasma protein progressively ac-
cumulates in the extravascular space with
greater osmotic imbalance between filtering
and reabsorbing forces. Edema is also
favored by extra- and intravascular clotting
of protein-rich fluid with obstruction of
regional lymphatics (6), a phenomenon seen
in our study as hypercoagulable lymph oc-
casionally blocked the cannulated lym-
phatics with fibrin 2-3 hours post burn.
After thermal trauma, besides early
microcirculatory derangements somewhat
amenable to treatment with vasoactive
agents such as terbutaline, there occurs a
more lasting direct injury to the en-
dothelium. This explanation is consistent
with observations about changes of
transcapillary leakage during healing of ex-
perimental burns (2). In second degree
burns, greater microvascular permeability is
maximal about one to three hours after in-
jury and thereafter gradually decreases. One
week post-burn, however, permeability is
still increased and a normal state is not
restored until three weeks. Protracted
altered microvascular permeability un-
doubtedly relates to direct anatomic injury

to the endothelium, a derangement not
readily responsive to infusion of vasoactive
agents.
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