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Assessment of Antiinflammatory
Agents Using '*’I-Labeled Human
Serum Albumin to Quantify Footpad
Edema Volume in the Rat
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Intravenously injected human serum albumin, labeled with radioac-
tive iodine ({*>’[JHSA), accumulates at inflammatory foci in propor-
tion to the volume of the exudate, making it possible to quantify the
volume of edema. This paper describes the use of ['*’I|HSA to
measure edema formation in the carrageenin rat-footpad model, both
continuously and at a single time point. In assessing antiinflamma-
tory agents, the method was shown to be more sensitive than the
most commonly used technique of thickness measurement. Because
anesthetics are known to suppress inflammation, the comparative
effect of five anesthetic agents on the inflammatory response was
determined. Ether was the only anesthetic tested that did not sub-
stantially inhibit the accumulation of edema. The technique over-
comes many of the limitations of previously used procedures and
has the potential to become the method of choice when assessing
edema in the rat footpad.

KEY WORDS: carrageenin edema; rat; measurement; radioisotope;
antiinflammatory drugs; anesthetics.

INTRODUCTION

The hind footpad of the rat has routinely been used for
the assessment of edema induced by a variety of chemical
and biological agents (1-4). The edema caused by the sub-
plantar injection of such compounds has provided a model of
inflammation which has been used extensively in the assess-
ment of antiinflammatory compounds. Footpad thickness,
measured using an engineer’s thickness gauge, is the sim-
plest and most commonly used method of assessing edema.
However, this measurement provides a one-dimensional es-
timate of a three-dimensional phenomenon and is prone to
subjective operator error. Intravenously administered, ra-
dioactively labeled, human serum albumin (['>’IJHSA) has
been used previously to measure edema in experimentally
induced cutaneous inflammation (5-8). However, to the best
of our knowledge, ['>I]JHSA has not been used to quantify
changes in footpad volume in response to drug administra-
tion. This report details an evaluation of the use of ['? I]HSA
to measure carrageenin-induced footpad edema and the ef-
fects of commonly used anesthetics on the response. Addi-
tionally, the ability of the procedure to delineate the edema-
reducing properties of antiinflammatory agents was deter-
mined.
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MATERIALS AND METHODS

Animals

Twelve-week-old male or female Dark Agouti (DA) rats
were used in all experiments.

Carrageenin-Induced Footpad Edema

Inflammatory edema was induced by the subcutaneous
injection of 0.1 ml of 2% kappa-carrageenin (Sigma Type III)
into the plantar region of each hind footpad (1). All injections
and measurements were carried out under anesthesia as de-
scribed under Results.

Assessment of Edema Using a Thickness Gauge

An engineer’s pocket thickness gauge (No. 7308, Mitu-
toyo Mtg. Co., Japan) was used to measure footpad thick-
ness. The gauge was modified by reducing the spring tension
and surface area of the striker. The increase in footpad thick-
ness was expressed as a percentage of the baseline thick-
ness.

Assessment of Edema with '*’I-Labeled Human
Serum Albumin

Continuous Monitoring of Footpad Edema. Each rat
was injected intravenously, into the ventral tail vein, with 1
pCi ['PIJHSA (Amersham Australia Ltd, Auckland). After
allowing 10 min for the isotope to distribute, a baseline read-
ing of the radioactivity in both feet was obtained. This was
accomplished by securing the foot of a lightly anesthetized
rat in the well of a dismounted, lead-shielded, solid-crystal
scintillation detector (Packard Selektronik) and counting for
1 min. At the time of counting, the terminal 2 mm of the tail
was snipped off and a 50-pl blood sample collected in a
heparinized microhematocrit tube. Carrageenin was then in-
Jjected into the footpads and the counts in each foot deter-
mined at timed intervals. Blood samples were taken coinci-
dent with each measurement. Plasma was separated in a
microhematocrit centrifuge, and the radioactivity in 25 pl of
plasma determined. The level of ['?*IJHSA in the plasma
decreased linearly with time and a mean half-life of 7.5 hr
was calculated. Conversely, edema formation is accumula-
tive. Edema was therefore calculated as follows: a regres-
sion line was fitted to the ['*’IlHSA decay data and the
predicted values for the individual time points, over the pe-
riod of the experiment, were determined. The baseline vol-
ume of plasma in the footpad was calculated by dividing the
counts per minute (cpm) per foot by the predicted ¢cpm per
microliter of plasma. To determine subsequent volumes, the
foot counts at each time point were subtracted from the
counts for the preceding time point to obtain the change in
radioactivity. This value was then divided by the mean of the
two predicted plasma counts for the current and previous
time points to give the increase or decrease in footpad vol-
ume. By adding/subtracting the change in foot volume to/
from the previous measurement, the accumulated volume of
edema was obtained.

Single-Time Point Measurement of Footpad Edema. At
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the time of footpad injection, each rat was injected intrave-
nously with 1 pCi of ['*’IJHSA. Four hours later, 2 ml of
blood was obtained by heart puncture from anesthetized an-
imals and transferred into a tube containing EDTA. Follow-
ing euthanasia, the hind feet were removed at the tarsal joint.
Blood was separated by centrifugation and 200 ul of plasma
diluted in 800 pl of distilled water. The level of radioactivity
in each foot and in the plasma samples was then determined.

The volume of the foot is expressed as microliters of
plasma equivalents, calculated as follows:

cpm/foot — background cpm correction factor
(0.7; see Results)

cpm/pl plasma — background cpm

Statistical Evaluation

Results were compared using the Wilcoxon sum of
ranks test for nonparametric data.

RESULTS

Continuous Monitoring of Footpad Edema Volume Using
["*IJHSA

Time Course. Three DA rats were injected intrave-
nously with 1 nCi of ['**I]JHSA, followed 10 min later by the
subcutaneous injection, into both hind footpads, of 0.1 ml of
2% carrageenin. The volume of the foot was determined just
prior to stimulation, 15 and 30 min later, and then at 30-min
intervals up to 5 hr. A biphasic response to carrageenin was
observed (Fig. 1A). In subsequent single-time point experi-
ments, which were designed to assess the method as a
screening assay for antiinflammatory drugs, edema was mea-
sured at 4 hr. Because plasma radioactivity decreased with
time, data obtained by simply dividing the counts in the foot
at 4 hr by the plasma count at 4 hr would have given erro-
neously high values. A correction factor, based on the dif-
ference between the actual volume determined as above and
the footpad volume calculated using the 4-hr values, was
therefore applied. In practice the corrected result was ob-
tained by multiplying the 4-hr single-time point edema vol-
ume by 0.7.

Comparative Effect of Different Anesthetics. The effect
of ether on the course of inflammation over a 3-hr period was
compared with that of four other agents commonly used as
small-animal anesthetics. The agents used were chloral hy-
drate (250 mg/kg i.p.), Nembutal (pentobarbitone sodium, 30
mg/kg i.p.), urethane (1200 mg/kg i.p.) and Innovar-Vet (fen-
tanyl/droperidol, 150 pl/kg i.m.). Thirty animals were di-
vided into five groups of six, one for each anesthetic to be
evaluated. All animals were given 1 uCi [***I]JHSA i.v. and
carrageenin by subplantar injection as in the previous exper-
iment. Footpad volume was determined at baseline (before
challenge) and at 30-min intervals thereafter (Fig. 1B). When
ether was used as the anesthetic, the profile of edema accu-
mulation followed the biphasic curve shown previously.
However, the response in those animals anesthetized with
the four parenterally administered agents was almost com-
pletely abrogated.

Use of ['2°I]JHSA to Assay Putative Antiinflammatory Agents

Two putative agents (mussel extract and cyclosporin A)
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Fig. 1. (A) Accumulation of inflammatory edema in the footpads of
rats injected subcutaneously with 0.1 ml of 2% carrageenin. Points
are the mean of three rats (six footpads); error bars represent one
standard deviation. (B) Comparative effects of five anesthetics on
the response to carrageenin in the rat footpad. For each anesthetic,
the accumulation was monitored at selected intervals in the same
animals. n = 12 for each data point.

were tested in the carrageenin footpad assay, using both the
accumulation of radioactive albumin and the increase in
footpad thickness to measure edema. Eighteen rats were di-
vided into three groups of six. Individuals in one group were
injected i.p. with green-lipped mussel extract (McFarlane
Laboratories Ltd., Auckland, New Zealand), at 300 mg/kg, 2
and 17 hr before challenge, while those in another group
were treated i.m. with 50 mg/kg cyclosporin A (CsA, Sandoz
Pharma Ltd, Auckland, New Zealand), 2 hr and 1, 2, and 3
days before carrageenin injection. The green-lipped mussel
extract inhibited edema formation by 80% when volume was
employed as the index of edema and by 50% when thickness
was used (Fig. 2). In both cases the difference was signifi-
cant at the P < 0.01 level. CsA pretreatment also resulted in
areduction in swelling, but to a lesser degree (24 and 26% for
the volume and thickness parameters, respectively). Statis-
tical analysis showed that, when thickness was used as the
index of edema, the inhibition of swelling was only margin-
ally significant (P < 0.05). However, if the ['*’IJHSA-
determined volume was used the results for CsA were highly
significant (P < 0.01). Thus, the use of ['*’IJHSA to assess
footpad swelling revealed an antiinflammatory effect which
was not obvious when footpad thickness was used as the
index of edema.
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Fig. 2. Demonstration of the increased sensitivity achieved using the isotopic method to measure
footpad edema. The antiinflammatory activity of two putative agents, mussel extract (300 mg/kg
i.p. at —17 and -2 hr) and cyclosporin A (CsA; 50 mg/kg i.m. at —3, —2, and —1 day and —2
hr), was evaluated using both the isotopic technique (left) and ventral-dorsal footpad thickness
measurement (right). Levels of significance are P values obtained when treated groups are com-
pared with controls using the Wilcoxon Sum of Ranks Test.

DISCUSSION

The rat hind paw is the site most frequently challenged
when animal models are used to evaluate potential antiin-
flammatory drugs (1-4). The end point of the assay is the
assessment of paw edema and two approaches have been
used to quantify this response. The first involves the use of
plethysmography, in which the volume of the footpad is
quantified by displacement of fluid. Although quantitative,
and reasonably accurate, the plethysmograph is an uncom-
mon piece of laboratory equipment and highly operator de-
pendent. In the second and, most frequently cited approach,
ventral-dorsal footpad thickness is measured using a modi-
fied engineer’s thickness gauge. This method is simple and
inexpensive but lacks sensitivity and is again operator de-
pendent.

A major benefit of the procedure described here is that
edema is measured independently and does not include the
nonfluid components of the foot, such as bone and tissue.
When other techniques are used the percentage increase in
footpad volume following carrageenin stimulation is between
50 and 100%. In fact, the true increase in fluid volume, as
demonstrated using the ['*’IJHSA localization, is between
500 and 700%. This is reflected in an increase in sensitivity,
as illustrated in Fig. 2. An additional and important advan-
tage of the method is that it can be readily adapted to allow
the time course of edema formation to be followed. The
continuous monitoring technique allows a comparative as-
sessment of the effect of drugs on the different phases of the
response to be carried out and should prove useful in iden-

tifying the site of action of individual antiinflammatory
agents.

The continuous monitoring procedure requires a subject
to be anesthetized for a 3- to 4-hr period and the effect of the
anesthetic agent on the inflammatory process needs to be
considered. Five anesthetics were evaluated, and all except
ether markedly inhibited the inflammatory response. A sup-
pressive effect of anesthetic agents on host defenses has
previously been observed and attributed to altered granulo-
cyte function (9). The inflammatory response to carrageenin
is known to be neutrophil dependent (10) and this may ac-
count for the suppressive effects of the parenteral anesthet-
ics on carrageenin-induced edema.

In conclusion, the use of ['**T]JHSA to measure edema
accumulation in the rat footpad has been shown to be an
accurate and simple means of directly assessing the ability of
antiinflammatory drugs to suppress carrageenin induced
edema. This technique is the only truly nonsubjective
method available for measuring exudate volume and signif-
icantly enhances the sensitivity of a widely used and effec-
tive drug evaluation protocol.
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