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Mediator-induced changes in microvascular permeability were studied in rodent skin. To 
monitor these changes, Evans blue dye, iodinated rat albumin and IgG. and tritiated neutral 
dextran molecules having dtflerent molecular radii were used. After intradermal injections of 
serotonin, histamine, and bradykinin, the degree of radiolabeled tracer e&x was determined by 
measuring the extent of blueing and the level of radioactivity in skin biopsy specimens. Although 
the mediators varied in potency on a molar basis (serotonin > bradykinin > histamine), the 
e&x resulting from each was similar. Furthermore. kinetic studies revealed that each of these 
vasoactive agents caused a marked but transient increase in macromolecular permeability that 
lasted less than 30 minutes. To determine the pore size created and the e#ect of charge on the 
transudation of macromolecules into the interstitium, fractions of neutral [‘H]dextrans with a 
known molecular size (average radii, I2 and 4.4 nm, respectively) were infitsed either singly or 
in combination with “‘I-labeled rat albumin andlor IgG before intraalermal injection of 
serotonin, histamine, bradykinin, or compound 48180. Regardless of the mediator used, no 
differences could be demonstrated in macromolecular eflux, as indicated by either the 
molecular size of the charge of the tracer used. Thus, all mediators of immediate 
hypersensitivity reactions that were studied produce venular gaps >I2 nm in addition to 
displaying similar vasopermeable characteristics. (J ALLERGY CLIN IMMUNOL I!291 ;87:586-94. j 

It is well established that intradermal administration 
of several mediators of immediate hypersensitivity re- 
actions induce permeability in the cutaneous vascu- 
lature of many species, including man.’ It has been 
demonstrated that these mediators act directly on the 
microvascular membrane and cause a marked increase 
in the number of venular gaps or pores, which then 
allows the rapid escape of serum proteins.24 The eftlux 
of proteins into the interstitium decreases the effective 
transmural colloid osmotic pressure gradient, pro- 
moting marked increases in net fluid filtration. Our 
current understanding of the process is that intercel- 
lular gaps are formed exclusively in the postcapillary 
venules. This mechanism is secondary to a dose- 
related, mediator-induced contraction of the acto- 
myosin filaments within the endothelial cells.5 Al- 
though these gaps have been demonstrated through 
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Abbreviations used 
DPM: Disintegrations per minute 

HMW-D: High molecular weight dextran 
LMW-D: Low molecular weight dextran 

PBS: Phosphate-buffered saline 

direct intravital microscopy of various organ sys- 
tems6. ’ little information exits on the effective size of 
the gaps created by mediators in the cutaneous mi- 
crovasculature . 

The increase in macromolecular permeability pro- 
duced by vasoactive mediators may be demonstrated 
through the efflux of intravital dye (i.e., Evan’s blue 
dye). Furthermore, the degree of efflux can be deter- 
mined by quantifying the escape of radiolabeled pro- 
teins or other macromolecules from the plasma into 
the skin or by measuring the increase in the concen- 
tration of proteins in lymphatic drainage. In many 
permeabihty studies, the molecular probes used have 
been treated as rigid structures, and the electrical 
charge of the probes and their relative molecular size 
have been considered unimportant. Recent advances 
in microvascular research have demonstrated that 
there are inherent physiologic barriers to the passage 
of macromolecules, demonstrating the impormnce of 
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FIG. 1. The effects of serotonin, histamine, and bradykinin on cutaneous vascular permeability. 
Rats were injected intravenously with 0.5 ml of 2.5% Evan’s blue dye containing 1 KC/ of ‘?- 
labeled IgG. Immediately thereafter, intradermal injections of A, 50 pl of serotonin (0.01 to 
50 +g), B, histamine (10 to 400 mg), and C, bradykinin (1 to 80 pg) were made. Animals were 
killed 30 minutes later, and biopsy specimens of injected sites were counted for ‘251-labeled IgG. 
Results are presented as the mean counts per minute in the skin biopsy specimens -C SEM 
corrected for counts per minute after injection with PBS (*p < 0.01, **p < 0.01, and +**p < 0.001 
compared with control sites). N, number of animals used; plasma samples (1 ml), obtained from 
each animal at the time of death, are presented as the mean counts per minute 2 SEM (A, 
26,673 2 2348; B, 23,265 + 1865; C. 28,463 r 1264). 

molecular size, molecular charge, and molecular com- 
position in the determination of which molecular spe- 
cies will successfully traverse the microvascular mem- 
brane into the extravascular space.8e’o 

In the present study, intradermal injections of 
serotonin, histamine, bradykinin, and compound 
48/80 were used to measure permeability in the cu- 
taneous microvasculature of rodents. Neutral dextran 
tracers of varying Stokes-Einstein radii were used to 
measure the venular gap size created by these inflam- 
matory mediators. Furthermore, we examined the 
ability of anionically charged protein tracers, as com- 
pared to neutral dextran tracers, to traverse the cu- 
taneous microvascular membrane. 

MATERIAL AND METHODS 
Chemicals 

Histamine dihydrochloride, bradykinin triacetate, 5- 
hydroxytryptamine hydrochloride (i.e., serotonin), com- 
pound 48180, sodium barbital, protein A Sepharose CL-48 
(Sigma Chemical Co., St. Louis, MO.), dextran T2000, 
Sepharose 6B, Sepharose 4B, Sephadex G150, PD-10 
(Sephadex G-25) columns (Pharmacia Fine Chemicals, Pis- 
cataway, NJ.), [‘IsI]sodium iodide (10 @J/O.1 mol/L 
NaOH) (New England Nuclear, Boston, Mass.), Iodobeads 
(Pierce Chemical Co., Rockford, Ill.), rat albumin, goat 
antirat IgG, goat antirat albumin (Cappell Laboratories, 
West Chester, Pa.), ultrafiltration membranes (Ditio; Ami- 
con Corp., Lexington, Mass.), tissue solubilizer 450, Ready 
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TABLE I. Characteristics of dextran fractions 

Daxtrsn Average 
fraction Stokes-Elnstdn 

(DPMIpl) radius (nm) 
Concentration 

(pmol/mol) 

A 
31,600 I2 I so 

B 
73,054 4.4 42 

Solve NA scintillation cocktail, and Ready Solve MP scin- 
tillation cocktail (Beckman Instruments, Inc., Irvine, Calif.) 
were purchased directly from the manufacturers. 

Preparation of purified rat IgG 

Rat IgG was prepared by ammonium sulfate fractionation 
of serum (fraction precipitating between 20% and 50%), 
followed by dialysis against deionized water for 2 hours and 
affinity chromatography over protein A Sepharose 4B. IgG 
was applied to the column in buffer and eluted with 60 to 
100 ml of I mol/L of acetic acid, and the elute was then 
dialyzed against PBS. The retentate was concentrated by 
ultrafiltration (filter UMIO, Amicon Cop) under nitrogen 
pressure. Ouchterlony analysis revealed a single precipitin 
band against goat antirat IgG. 

Molecular sizing on a Sepharose 4B gel filtration column 
revealed a single peak at a molecular size of 160.000 dal- 
tons. One hundred microliter aliquots were frozen at 
- 70” C for subsequent radiolabeling. 

lodination of rat IgG and rat albumin 

Radioiodination of rat IgG and albumin was performed 
with the use of Iodobeads. Four Iodobeads were added to 
100 Fg of either IgG or albumin in 1 ml of PBS and allowed 
to incubate with [**‘l]sodium iodide for 30 minutes at room 
temperature. The reaction volume was separated from the 
Iodobeads lo terminate iodination and separated on a PD- 
IO column. HMW fractions were pooled. dialyzed against 
PBS (24 hours), and frozen at -70” C in aliquots. This 
procedure resulted in a 50% incorporation of the sodium 
iodide (resulting in a specific activity of 4 to 5 &i/pg of 
protein) and an 80% protein recovery. 

Preparation of tritiated neutral T2WO 
dextran fractions 

One gram of neutral dextran T2000 was radiolabeled by 
catalytic ion exchange in solution with 25 Ci of tritium gas 
(Amersham Corp., Arlington Heights, Ill.). Aliquots of 
[3H]T2000 were chromatographed on a Sepharose 6B col- 
umn (60 by I .6 cm) equilibrated with 1 mol/L of PBS (pH 
7.2). Distribution coefficients (determined with the formula 
Ve - Vo/Vt - Vo, in which Ve = the elution volume for 
the test substance, Vo = void volume, and Vt = total bed 
volume) for the molecules that served as standards were 
calculated and plotted against the known molecular radii. 

The molecular radii for [‘Hldextran fractions wt‘re calcu 
lated from this curve as previously reported.” 

Column fractions were pooled, dialyzed agamsr pyrogcn 
free water (2 hours), lyophilizcd. and frozen .I! 70” C‘ 

Samples were subsequently resuspended in PBS :rnd rc 
chromatographed on Sepharosc 6B. and the .ivcrapc tnc:- 
lecular radius was then determined for each group 

Measurement of cutaneous vascular 
permeability in rat skin 

All animal experiments were in accordance with Health 
and Human Services/Public Health Services/National In- 
stitutes of Health publication 86-23, “The Guide for the 
Care and Use of laboratory Animals.” The dorsal aspect ot 
normally hydrated male Sprague-Dawley rats (250 to 300 
gm) were shaved I8 to 24 hours before experimentation. 
On the day of experimentation, the animals acre lightly 
anesthetized with ether and injected intraperitoneally with 
sodium pentobarbital (40 mg/kg: total injection volume. 
I .O to I .5 ml). Once anesthetized. the animals were injected 
intravenously with 2.5% Evan’s blue dye and radiolabeled 
protein or dextran tracers, either singly or in combination 
(total injection volume, 500 to 600 ~1) before intradermal 
injection of the test mediators and PBS. ‘The intradennally 
injected volume was 50~~1. and the skin injections were made 
in a standardized manner in six to eight symmetrically lo- 
cated sites on the back. In the control sites, dilucnt alone 
was used. After predetermined time intervals. the animals 
were killed in a CO2 inhalation chamber. At postmortem. 
3 ml of blood was collected by intracardiac puncture and 
stored in tubes with ethylenediaminetetraacetic acid. 

In experiments with Evan‘s blue dye, the blue-stained 
areas were measured with calipers. and radioactivity of all 
plasma samples were determined from use of u I ml aliquot 
of plasma. The microvascular permeability was expressed 
as the mean area (square millimeter) of blueing. In instance\ 
in which “‘I-labeled protein tracers were used. the entire 
reaction site was excised with a punch (14.25 mm in di- 
ameter) for counting in a gamma spcctrophotomctcr (Scarlc 
model 1185. Searle Analystic. Inc.. Des Plaint,. III.). The 
amount of radioactivity in postmortem plasma was utcd for 
determining the adequacy of intravenous injections. Skin 
biopsy specimens and plasma containmg 1 ‘Hldcxtran tracer\ 
were added to 3 ml of tissue solubilizer in glass scintillation 
vials with plastic cone-lined caps and incubated overnight 
at 55” C until they were completely digested. The samples 
were neutralized to a final pH of 7.0. The radioactivity in 
a I ml aliquot placed in scintillation cocktail was then de- 
termined with an LS 9000 scintillation counter (Beckman 
Instruments, Irvine. Calif.). When two radionuclidcs were 
present in the same sample (i.c.. “‘I and ‘HJ. skin biopsy 
specimens and plasma were initially counted m a gamma 
spectrometer before tissue digestion and subsequent scin 
tillation counting. The activity of the ‘Z’I-labeled protcim 
was determined with a Beckman T!XlOO with Horrock’\ “‘I 
efficiency program. These samples were then used to dc- 
velop a dual label ‘*‘l/‘H quench curve. Tritium counts were 
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FIG. 2. Time course of microvascular permeability in response to vasoactive agonists as mea- 
sured by radiotracer efflux. Animals were injected intradermally immediately after receiving ‘% 
labeled IgG and Evan’s blue dye and at varying time intervals up to 2 minutes before being 
killed. All animals were killed 40 minutes after tracer injection. A, The response to serotonin (10 
+g). B, Response to histamine (200 pg). C, Responseto bradykinin (40 kg) (*p < 0.05, **p < 0.01, 
and ***p < 0.001 compared with control sites). N, the number of animals used; plasma samples, 
obtained from each animal at the time of death, are presented as the mean counts per min- 
ute f SEM (A, 25,192 r 2802; B, 21,571 2 598; C, 24,832 f 724). 
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discriminated from the ‘=I in the scintillation counting by 
a correction based on the established quench curves. 

Microvascular permeability was calculated by expressing 
the relative amount of radiolabeled tracer in skin corrected 
for that in PBS control sites (usually <350 cpm). The 
amount of radioactivity in postmortem plasma was used to 
indicate the adequacy of intravenous injections. In all ex- 
periments in this article, each animal had the same plasma 
radioactivity * 12%, 

Statistics 

Mean values were compared by application of Student’s 
two-tailed t test. Linear regression analysis was used to 
compare the magnitude of extravasation of radiolabeled 
markers after treatment with the various agonists. The dis- 
tribution of the deviations from the fitted values of data 
illustrated in Fig. 2, A and C (six time points, each panel) 

was checked with a Shapiro-Wilk test, and in both cases 
the deviations were found to be normally distributed. 

RESULTS 
Determination of Stokes-Einstein radii and 
radiolabeled tracers 

To monitor the increase in size of the pores between 
endothelial cell walls and the resulting increase in 
microvascular permeability, radiolabeled tracers of 
widely ranging size were required. 3H-neutral dextrans 
were prepared and fractionated on a calibrated Se- 
pharose 6B column. I1 The average Stokes-Einstein 
radii were calculated from diffusion coefficients of 
two pooled dextran fractions and are presented in 
Table I. For purposes of reference, dextran fraction 
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PIG. 3. Comparison of the vasopermaable characteristics of [3HjHMW-D and ‘nl-labeled IgG in 
response to intradermal injections of vasoactive agonists. In these experiments, 2 uCi of 
PH]HMW-D and 0.5 @Zi of l%labeled IgG were intravenously injected simultaneously before 
intradermal injection of serotonin (10 ug) (ma), histamine (100 pg) (v/%4), and bradykinin (40 kg) 
(111111). Animals were killed at 30 minutes. Results are presented for A, PHjHMW-D and B, T- 
labeled IgG as the mean DPM in the skin biopsy specimens + SEM corrected for DPM after 
injection with PBS (*p < 0.05, ‘*p < 0.01, and l **p < 0.001 compared with the control sites). 
N, the number of animals used; plasma samples are also expressed as the mean DPM 2 SEM 
(A, 39,122 2 2128; B, 34,180 t 822). 

A (radius, 12 nm) will be referred to as HMW-D and 

fraction B (radius, 4.4 nm) as LMW-D. The Stokes- 
Einstein radii of rat albumin and IgE are 3.55 and 
4.8 nm, respectively. 

The radius of each radiotracer was initially deter- 
mined in buffer but was confirmed after exposure to 
rat plasma in vivo and in vitro. The radiotracers re- 
covered in postmortem plasma fractionated at the 
same size as equivalent markers in buffer. Thus, the 
radii determined in vitro held true under in vivo con- 
ditions. 

Measurement of cutaneous 
microvascular permeability 

In initial studies, we used 1.0 l&i of [?]IgG in 
association with Evan’s blue dye to outline the area 
of microvascular permeability. The results of 
[“‘I]IgG leakage into sites injected with vasoactive 
agonists are illustrated in Fig. 1, A to C. Intracuta- 
neous serotonin (0.01 to 50 kg per 50 u.1 injection, 
Fig. 1, A), histamine (10 to 400 pg, Fig. 1, B), and 
bradykinin (1 to 80 pg, Fig. 1, C) each caused a dose- 
related increase in cutaneous radioactivity in the pres- 

ence of equivalent circulating levels of [‘=1&G 
(mean -c SEM, 26,133 2 1524 cpm); on a molar 
basis, serotonin > bradykinin > histamine in terms 
of their ability to cause vascular permeability. 
The median effective dose for serotonin was 
1 kg; for histamine, -50 kg; and for bradykinin, 
10 I%. 

Before biopsy specimens were obtained from skin 
sites and the radioactivity was quantitated, the area 
of microvascular permeability was simultaneously 
measured as a function of Evan’s blue dye leakage. 
Linear regression analysis was used to compare the 
area of blueing with IgG leakage for each of the three 
agonists. In each instance, the correlation coefficient 
(r) was highly significant (~0.98). When Evan’s blue 
dye circulates, it is complexed primarily with albu- 
min, which has a Stokes-Einstein radius of 3.55 nm, 
whereas IgG has a radius of 4.8 nrn. Thus, the close 
concordance noted between these monitoring systems 
were not unexpected and further substantiates the va- 

lidity of both for measuring microvascular perme- 
ability. 

The time course of leakage of IgG and Evan’s blue 
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FIG. 4. Comparison of the ability to use HMW-D and LMW-D to monitor vascular permeability 
in response to vasoactive agonist. In these experiments, animals were intravenously injected 
with radiolabeled dextran in parallel with serotonin (0.01 to 25 kg). Animals were killed 30 
minutes after injection. Results are presented as the mean DPM in skin biopsy speci- 
mens + SEM: HMW-D (0); LMW-D (0); (*p < 0.05, **p < 0.01, and ***p < 0.001 compared with 
control sites). N, the number of animals used; plasma samples, obtained from each animal at 
the time of death, are presented as the mean DPM + SEM (HMW-D, 49,557 f 2491; LMW-D, 
25,510 + 1945). 

dye into skin test sites was examined next. The an- 
esthetized animals were injected intravenously with 
both tracers. Subsequently, the animals were skin 
tested with serotonin (10 p,g), histamine (200 p,g), 
and bradykinin (40 pg) at various times thereafter. 
After 40 minutes, the animals were killed. Each ex- 
periment was done two or more times. In these ex- 
periments, the amount of plasma [‘zsI]IgG at the time 
animals were killed ranged from 21,571 to 25,192 
cpm (mean & SEM, 23865 f 1151). With all three 
agonists, the time course of increased permeability 
lasted 20 to 30 minutes, although the bulk of the 
leakage was completed within 10 to 15 minutes (Fig. 
2, A to C). Moreover, vascular leakage was apparent 
in all instances within 2 minutes of skin testing. In 
parallel, we used Evan’s blue dye leakage in the same 
animals to assess the vascular permeability. No dye 
leakage was noted within 2 minutes of skin testing, 
although the results of this means of assessment were 
roughly equivalent to results from the assessment of 
radiolabeled leakage into skin at later time points. 
Thus, IgG was a marginally more sensitive monitor 
of early vascular leakage than visual detection of 
Evan’s blue dye in these experiments. 

Because IgG is negatively charged and of inter- 

mediate size (4.8 nm), it was of interest to determine 
whether larger neutral molecules behaved in a similar 
fashion (Fig. 3). In this experiment, 1 &i of neutral 
HMW-D and 0.5 pCi of [‘251]IgG were administered 
intravenously, after which, the animals were skin 
tested with serotonin (10 pg), histamine (100 kg), 
and bradykinin (40 pg). Biopsy specimens were ob- 
tained 30 minutes later. At plateau concentrations of 
vasoactive agonists, both HMW-D (Fig. 3, A) and 
IgG (Fig. 3, B) leaked into the skin, suggesting that 
microvascular leakage resulted from the development 
of endothelial pores >12 nm. Moreover, the anionic 
charge of IgG versus neutral HMW-D appeared to 
have no effect on permeability. This experiment was 
extended by comparing the leakage of HMW-D to 
LMW-D in relation to a dose response of serotonin 
(0.01-25 pg) (Fig. 4). In these experiments, animals 
were injected with either HMW-D or LMW-D and 
immediately skin tested with serotonin; vascular per- 
meability was determined 30 minutes later. Although 
slightly higher levels of radioactivity were noted in 
skin specimens from animals injected with HMW-D, 
this was attributable to the relatively higher circu- 
lating plasma levels of this tracer as compared 
to LMW-D (MHW-D, 46,557 ” 2481; LMW-D, 
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FIG. 5. Comparison of the relative ability of HMW-0, LMW-D, and albumin to monitor vascular 
permeability in response to compound 48/80. Groups of animals were intravenously injected 
with either 2 f&i of HMW-D, 2 &i of LMW-D, or 1 FCi of ‘z51-labeled rat albumin. Compound 
48/80 was subcutaneously injected (0.1 to 50 kg), and the animals were killed 30 minutes after 
injection. Results are presented for both ‘%labeled albumin and PHjdextran tracers as the mean 
DPM in skin biopsy specimens 2 SEM: HMW-D (01; LMW-D (01; albumin (A) (*p < 0.05, 
l *p =z 0.01, and l **p < 0.001 compared with control sites). N, the number of animals used; 
plasma samples are also expressed as the mean DPM _’ SEM (HMW-D, 34,969 -t 2495; LMW- 
D, 11,578 -c 617; albumin, 24,412 r 8561. 

255 10 ? 1846). Thus, no significant difference be- 
tween the cutaneous permeability as measured by ei- 
ther tracer could be demonstrated. 

The activity of compound 48180 causes mast cells 
to release vasoactive mediators, increasing vascular 
permeability and causing edema. The objective for 
performing the following experiments was to analyze 
endothelial “pore” size after mast cell degranulation. 
Thus, groups of animals were injected with HMW- 
D, LMW-D, and 1’2SI]albumin. The animals were sub- 
sequently skin tested with compound 48/80 (0. I to 
50 pg) . These data are presented in Fig. 5 and indicate 
that mast cell-induced vascular leakage can be as- 
sessed equally well with any of these agents. As a 
corollary conclusion, compound 48 I80 induces leak- 
age in the microvascular membrane by producing 
pores >12 nm. 

It may be noted that plasma radioactivity was higher 
for HMW-D than for either albumin or LMW-D (Figs. 

3 to 5). These observations are consistent with pre- 
vious studies and suggest that small molecules (-4.4 
nm) are cleared from the circulation rapidly, partic- 
ularly via renal filtration, neutral molecules of com- 
parable size being filtered more easily than anionically 
charged molecules. “’ To determine the time course of 
the various radiotracers used in these experiments. 
groups of rats were injected intravenously with ra- 
diolabeled HMW-D, LMW-D, and albumin. HMW- 
D remained relatively constant in the circulation 

throughout the 30-minute increase in permeability, 
whereas both LMW-D and [‘*‘l]albumin decreased 
progressively over this time (Fig. 6). 

DISCUSSION 

Vasoactive mediators produce an increase in the 
macromolecular permeability of the microvascular 
membrane as a consequence of venular endothelial 
cell separation. “. ” As a result of endothelial gap for- 
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FIG. 6. Time course of macromolecular tracer clearance after intravenous injection. In these 
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and l **p <c 0.001 compared with 2-minute values]; N, the number of animals used. 

mation, macromolecules rapidly exit from the circu- 
lation, decreasing the transmural colloid osmotic pres- 
sure gradient, which results in the production of tissue 
edema. The passage of macromolecules across mi- 
crovascular walls should be limited to the size of the 
venular cap created as well as by natural physiologic 
barriers, including the negatively charged basement 
membrane separating the endothelium from the inter- 
stitium. Pericytes may also be capable of affecting the 
effective “pore” size. Thus, factors important in de- 
termining which molecular species will cross any or 
all of these barriers include molecular size, molecular 
charge, and perhaps molecular composition. l4 

To compare the vasoactive characteristics of sero- 
tonin, histamine, bradykinin, and compound 48/80 
in the rodent, the cutaneous efflux of various exoge- 
nously administered macromolecular tracers was stud- 
ied. The tracers used were Evan’s blue dye, anioni- 
tally charged proteins (i.e., IgG and albumin), and 
neutral dextran polymers with average radii of 12 and 
4.4 nm. The question addressed was, “Could specific 
mediators be distinguished by their relative ability to 
induce macromolecular leakage on the basis of either 
tracer size (i.e., Stokes-Einstein radii) or charge?’ 
These data clearly demonstrate that with each of the 
mediators studied, venular gaps > 12 nm were created, 
and similar kinetic characteristics were displayed. 

Studies with Evan’s blue dye and radiolabeled rat 
IgG confirmed differences in the potency of vasoac- 
tive mediators on a molar basis (serotonin > brady- 
kinin > histamine), although each respective media- 
tor induced similar vascular leakage at plateau doses. 
Furthermore, since Evan’s blue dye circulates in a 
complex primarily with albumin and both albumin and 
IgG are anionically charged proteins of similar mo- 
lecular size, the concordant dose relationship noted 
between these systems might be expected. These find- 
ings further underscore the established usefulness of 
both systems in measuring increases in vascular per- 
meability. 

Kinetic studies with the same tracers revealed that 
macromolecular leakage could be demonstrated by 
radiotracer efflux, but not by visual detection of 
blueing, within 2 minutes of intradermal mediator in- 
jection. With all three vasoactive agonists, vascular 
permeability reached its highest level within 10 to 15 
minutes of injection and was complete within 20 to 
30 minutes. Thus, the increase in macromolecular 
permeability is marked but transient, lasting less than 
30 minutes regardless of the vasoactive mediator used. 
Previous studies in which intravital microscopy of flu- 
orescein isothiocyanates-dextran leakage was used as 
a marker for vascular permeability have demonstrated 
similar kinetics for histamine-, bradykinin- , and 
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leukotriene-induced vascular leakage in the hamster 
cheek pouch. I53 I6 These findings may be interpreted 
to reflect the temporal development of an increase in 
“pore” size and density that accompany mediator ac- 
tivation of postcapillary venules. ” 

To study potential differences in the venular gap 
size created by the various mediators, molecular trac- 
ers of various radii were used. Neutral dextran mol- 
ecules were isolated for this purpose because they 
could be demonstrated to retain their state of disper- 
sion and size distribution in plasma. Studies with sin- 
gle and multiple tracers failed to demonstrate any dif- 
ferences between the respective vasoactive agents 
based on the efflux of 3.55, 4.4 or 12 nm molecules. 
Thus, after mediator activation, the cutaneous micro- 
vascular membrane develops venular gaps in excess 
of 12 nm and does not selectively impede the efflux 
of anionic proteins into the interstitium as compared 
to neutral dextran molecules of similar radii. Degran- 
ulation of skin mast cells with compound 48/80 was 
also examined and found to be associated with en- 
dothelial pores > 12 nm. Furthermore, it should be 
noted that both albumin and LMW-D were progres- 
sively cleared from the plasma but that HMW-D has 
a longer and predictable plasma half-life. 
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