
[CANCER RESEARCH 46, 3299-3303, July 1986]

Effect of Dexamethasone on Vascular Function in RIF-1 Tumors1
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ABSTRACT

The present serÃesof experiments was conducted to determine the
effect of dexametnasone on vascular function and cell proliferation in s.c.
RIF-1 tumors. 12SI-BSA,"C'r-KDTA dilution techniques were used to

evaluate dexamethasone induced changes in tumor plasma water, capillary permeability, and extracellular water volumes, while wl-'e and slCr

labeled erythrocyte techniques were used to assess changes in tumor
exchangeable erythrocyte volumes. **RbCldistribution studies were also
conducted to evaluate vascular perfusion in RIF-1 tumors after dexa
methasone treatment. In this corticosteroid receptor containing tumor
model, dexamethasone had profound effects on all of the measured
parameters of vascular function. Reduced tumor cell proliferation after
dexamethasone treatments was accompanied by reduced capillary perme
ability, reduced interstitial water volumes, increased plasma volumes,
and reduced vascular perfusion. Serial studies after dexamethasone treat
ments indicated that increases in vascular perfusion preceded proliferativi'
recovery. Intervals of maximal |'H]th> midine labeling after dexametha

sone were characterized by transient increases in capillary permeability,
interstitial water volumes, and tumor erythrocyte exchange with the
general circulation. At intervals of maximal cell proliferation (36-48 h
after dex) "RbCl distribution in tumors was about 3 times that seen in

untreated controls. The results seem to indicate that, as in edematous
normal tissues, dexamethasone can have profound effects on vascular
function and water compartmentalization in RIF-1 tumors.

INTRODUCTION

Dexamethasone, a commonly used corticosteroid anti-in
flammatory agent, can have profound effects on vascular func
tion in diseased tissues. Numerous studies have indicated that
the tissue edema accompanying septic shock (1,2), inflamma
tion (3, 4), trauma (5), graft rejection (6) and neoplastic disease
(7) can be moderated by dexamethasone or other corticosteroid
analogues. Characteristically, anti-inflammatory steroids have
been shown to ameliorate tissue edema by reducing vascular
permeability to high molecular weight proteins. The mecha
nisms by which corticosteroids promote such responses are not
clearly understood, but they may be related to the immunosup-
pressive action of these agents (6), inhibition of prostaglandin
synthesis (3-5), and the synthesis of an anti-inflammatory
protein (3, 8, 9).

Solid tumors are usually poorly vascularized, but tumor ex-
travascular, extracellular water volumes are quite variable and
usually exceed those found in corresponding normal tissues
(10-18). Although increased intercellular water in tumor tissue
is undoubtedly a consequence of poorly developed and/or ob
structed lymphatic drainage, studies with radiolabeled serum
proteins indicated that increased capillary permeability in solid
tumors is a common finding (11, 12, 14, 16, 18-20).

Our previous studies have indicated that dexamethasone can
have profound, but reversible, receptor mediated, antiprolifer-
ative effects (21, 22) in the RIF-1 and other nonlymphoid
animal tumor models. Following cessation of dexamethasone
treatments, transient increases in chemosensitivity were tem
porally coincident with intervals of cell cycle progression and
increased S-phase cellularity (21-23). As cell proliferation and
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drug distribution in solid tumors may be limited by impaired
vascular supply and/or compromised vascular function (24,25),
the present studies were conducted to assess the effect of
dexamethasone on vascular permeability, water compartmen
talization, and blood flow in RIF-1 tumors.

MATERIALS AND METHODS

Animals and Tumor Models. The RIF-1 tumor model in 4-6-week-
old female mice (Jackson Laboratories, Bar Harbor, ME) was used
throughout these studies. The RIF-1 tumor model, originally obtained
from Dr. Robert Kallman (Stanford University, Palo Alto, CA), has
been maintained by sequential in vitro and in vivo passage as described
previously (23). RIF-1 tumors were produced in female C3H/HeJ (19-
21) mice by s.c. inoculation of 1 x 10s tissue culture cells and initiated

into studies 14 days later, when tumors were approximately 1.0 g. In
some studies to assess size dependent variations, tumors were used as
early as 10 days and as late as 21 days after inoculation. All mice were
housed 10-15 mice/cage in a temperature and humidity controlled
room with a 12-h light-dark cycle. Mice were fed standard mouse chow
(Purina, Evansville, IN) and water ad libitum.

Drug Treatments. Dexamethasone (Dexamethasone phosphate; ESI
Pharmaceuticals, Cherry Hill, NJ) was freshly prepared prior to use.
Animals were weighed and administered dexamethasone (10 rag/kg) in
0.2 ml every 12 h, for three doses, by i.p. injection.

Tumor Vascularity and Vascular Function. The PV2 and ECV of RIF-
1 tumors were determined using a 125I-BSAand "Cr-EDTA double

isotope dilution technique (18). Approximately 300,000 cpm dialyzed
I25I-BSA(approximately 25 pCi/ng BSA) and 400,000 cpm "Cr-EDTA
(200-500 Ci/g Cr; New England Nuclear, Boston, MA) were mixed to
0.1 ml and injected i.v. via the lateral tail vein. At various intervals (up
to 2 h) after injection, animals (5/time point) were killed by cervical
luxation. The tumors were immediately frozen in situ (dry ice-ethanol
bath) and resected in toto. The tissues were weighed and counted for
radioactivity in a 3 channel gamma well counter (Packard Instruments,
Downers Grove, IL). Immediately prior to killing, blood samples were
obtained from the post-orbital venous plexus, the plasma was separated
by centrifugation, and the radioactivity per ml was determined. Injec
tion standards were prepared and counted along with the tissue samples.
Radioactivity was expressed as the percentage of ID (%ID) per g tissue
or per ml plasma. Thus, at any time after injection, the distribution
volume of the labeled probe (I25I-BSA, 51Cr-EDTA) is calculated as:

%ID/g tissue â€¢+â€¢%ID/ml serum = ml/g tissue

Plasma volumes were estimated by extrapolating ml/g (12!I-BSA)versus
time to f = 0 (18). Lines of best fit for the I25I-BSAdata were determined

by linear least squares regression analysis. The slope of the regression
line, expressed as /xl/g/min, was taken as an estimate of the capillary
permeability surface area product (18). The mean ECV was determined
when plasma and ECV 5lCr-EDTA were in equilibrium (-20-30 min
after i.v. injection), that is, at plateau values for the "Cr-EDTA ml/g
versus time curve (12, 18).

Total tissue free water was determined by gravimetric analysis before
and after drying tissues (6 per study interval) in tared vials at 105Â°C
for 24-72 h. Usually 24 h/250 mg tissue was sufficient to reach a stable
dry weight. Total tissue water, taken as the difference between tissue
wet and dry weights, and corrected for ambient conditions, was ex
pressed as Â¿il/gwet weight.

The interstitial (extravascular, extracellular) water volume was cal
culated as the difference between the calculated ECV and PV. Cellular
water was calculated as the difference between the total tissue water

2The abbreviations used are: PV, plasma volume; BSA, bovine serum albumin;
ECV, extracellular water volume; [3H]dTdh, tritiated thymidine; ID, injected

dose; IWV, interstitial water volume; LI, labeling index; RBCE, exchangeable
erythrocyte volume; RBCT, total erythrocyte volume.
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VASCULAR FUNCTION IN RIF-1 TUMORS

content and the ECV. Both interstitial and cellular water volumes were
expressed as ii\/g wet weight.

The total and exchangeable packed RBC volume was determined by
5'Fe (12, 18) and "Cr-RBC (26), labeling techniques, respectively.
Tumor bearing mice were given injections with 2 Â¿Â¿Ciof "Fe-citrate (2-

40 Ci/g Fe; New England Nuclear), 3 to 5 days after tumor inoculation.
At least 7 days later, peripheral blood and tumor were sampled as
above. Peripheral RBCs were obtained by centrifugation and the radio
activity per ml of packed RBCs and the radioactivity per gram of tissue
were determined. vlI e injection standards were counted simultaneously.

Packed RBC and tissue radioactivity were expressed as %ID/ml packed
RBC and %ID/g tissue wet weight. Thus the RBC, was calculated as:

"Fe %ID/g tumor â€¢*â€¢"Fe %ID/ml packed RBC = ml/g

The packed RBC volume readily exchangeable with the peripheral
circulation was determined using the 5lCr labeled RBC dilution method.

Sodium eliminate 51 (400 Ci/g; New England Nuclear) was used to
label RBCs from donor mice of the same strain, age, and sex as
described previously (26). Chromium labeled mouse RBCs (-150,000
cpm in 0.1 ml) were injected, via the lateral tail vein, into "Fe prelabeled
mice 30 min prior to killing. Counting standards were prepared. s'Cr

radioactivity per ml of packed venous RBCs and per g of tumor tissue
were expressed as a percentage of the injected dose. Thus the RBCE
was determined from:

"Cr %ID/g -i-"Cr %ID/ml packed RBC = ml/g

The exchangeable RBC fraction is thus:

f(RBC) = RBCE - RBCT s l

Tumor vascular perfusion was determined by "''KM ÃŒdistribution as

first described by Saperstein (27). Approximately 200,000 cpm of
"RbCl (10-25 Ci/g; New England Nuclear), in 0.1 ml PBS, were
injected via the lateral tail vein. Forty-five s later, mice were killed by
cervical luxation, :w'. the tumors were quickly exposed and frozen in
situ 'dry ice, ethanol bath). Tumor tissue was removed in toto and

weighed, and the radioactivity was determined. As in the experiments
above, injection standards were used to control for machine counting
efficiency. Tissue "Rb activity was expressed as percentage of ID per g
wet weight. The "*Rb %ID/g, between 30 and 60 s after i.v. injection,

is analogous to the tissue vascular perfusion as a percentage of cardiac
output/g (27).

| 'I l|d i lui Labeling Indices. Tumor cell proliferation was assessed by
| 'I IId'l'lul labeling index determinations. Mechanically dispersed tumor
cells were labeled, in vitro, with [3H]dThd (2.0 nCi/ml; 20 Ci/mM; New
England Nuclear) for 30 min at 37Â°Cas described previously (23).
Cytocentrifuge preparations were subjected to autoradiography (NTB-
2 emulsion; Kodak, Rochester, NY), and [3H]dThd labeling indices

were determined by counting at least 400 cells in Giemsa stained
autoradiograms (23). Appropriate autoradiographic exposure times
were determined by test sets, and mean grain counts were in excess of
50 grains/cell. Background was generally less than 1 grain per equiva
lent cell area, and cells with 4 or more grains were considered labeled.

Data Analysis. Estimates of PV, vascular permeability, and ECV in
control tumors and at various intervals after dexamethasone were made
using at least 5 study intervals after isotope injection and at least 5
tumors per sampling interval. Least squares regression analysis was
used to estimate tumor plasma volume, capillary permeability, and their
respective 95% confidence limits (28). Student's f-test was used to
assess the difference between means, and P < 0.05 was considered
adequate to reject the null hypothesis. Extracellular water volumes were
estimated from the 51Cr-EDTA data, using an iterative least squares
curve fitting computer program for a line with the equation y = a â€”
be". The asymptote (a) for this line was taken to represent the ECV at

equilibrium. Analysis of covariance was used to assess the significance
of curve variations at intervals after dexamethasone treatment, and P
< 0.05 was considered adequate justification to reject the null hypoth
esis (28).

RESULTS
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Fig. 1. "Cr-EDTA (â€¢)and 125I-BSAdistribution (A) volumes in RIF-1 tumors.
Each point represents the mean from 3 replicate experiments for a total of 12-IS
tumors per point. liars, SE.

Table 1 Water compartmentatization in RIF-1 tumors

Tnmnr maÂ«(g)

PV0.20
Â±0.02Â° 36

0.40 Â±0.03
0.77 Â±0.04
0.95 Â±0.32
0.96 Â±0.10 34
1.60 Â±0.19
2.19 Â±0.18 31
Mean 34 Â±3*Mg/g

of tumor wetwt.ECV230210210215Â±

12IWV196176179184 Â±11RBCE28.5

Â±4.2Â°

25.9 Â±2.3
25.7 Â±5.018.0

Â±2.0RBCT28.0

Â±2.0Â°

25.0Â±3.124.7
Â±2.225.5

Â±2.0'

Mean Â±SE (n = 8).
6 Mean Â±SD.

Vascular Parameters in RIF-1 Solid Tumors. Fig. 1 shows the
pooled results from 3 separate experiments to assess ECV and

PV in RIF-1 solid tumors. Tumor plasma volumes determined
by extrapolation of the 125I-BSAml/g regression line to t = 0

provided a PV estimate of 34 Â±4 (95% confidence intervals)
/Â¿l/gwet weight. The mean capillary permeability surface area
product for 125I-BSAwas 0.64 Â±0.05 (95% confidence intervals)
/tl/g/min (3.8 ml/100 g tumor/n). 51Cr-EDTA distribution in

tumor and serum equilibrated within 10 min after i.v. injection.
The asymptote for the line of best fit provided an ECV estimate
of approximately 215 /Â¿1/gtumor wet weight.

Table 1 shows the results from studies to assess water space
parameters for various sized, untreated RIF-1 tumors. In these
experiments, tumor plasma volumes, ECVs, and IWVs were
influenced little by tumor size. Plasma volumes ranged from 31
to 36 jiil/g. Over the size range tested, ECVs and IWVs did not
vary significantly. RBCr in RIF-1 tumors was also not signifi
cantly influenced by tumor size up to 1.6 g, but RB( Vdecreased
with increasing tumor size. In RIF tumors averaging 0.40 and
0.96 g, the data indicated that the RBCT was readily exchange
able with the peripheral circulation. In larger tumors, averaging
1.60 g, the RBCE was significantly (P < 0.05) less than the
corresponding RBCT, indicating that approximately 30% of the
total RBC volume was sequestered in the tumor.

Fig. 2 shows the relationship between 86RbCl distribution
and tumor mass for untreated RIF-1 tumors. In the smallest
tumors studied (0.12 Â±0.03 g), 86RbCl distribution indicated a

vascular perfusion of about 5.4% of the cardiac output/g wet
weight. Studies in tumors up to 4.2 g indicated that tumor
vascular perfusion decreased with increasing tumor size. Ex
ponential regression analysis indicated that the vascular perfu
sion decreased by 0.8% of the cardiac output/g with each tumor
mass doubling.

Changes in Tumor Vascularity and Vascular Function after
Dexamethasone Treatment. Fig. 3 shows the 51Cr-EDTA distri
bution curves for control 14 day RIF-1 tumors and for tumors
studied at 4 and 36 h after dexamethasone treatments. Regres-
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Fig. 2. "RbCl distribution (%ID/g) in RIF-1 tumors at various sizes. Each
point is the mean for at least S tumors. The line of best fÃ®twas determined by
least squares regression analysis. Bars, SE.
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Fig. 3. "Cr-EDTA distribution volumes for control 14 day RIF-1 tumors (â€¢)

and for RIF-1 tumors at 4 h (A) and 36 h (â€¢)after dexamethasone treatments.
Each point represents the mean for 5-6 tumors. Bars, SE.

Table 2 Vascular parameters and water compartmentalization in RIF-I tumors
after dexamethasone treatment

Study
intervalControl

4h<12

h
24 h
36h
48h
72hTotal

water
(Ml/g)788

Â±17"
740 Â±24*

803 Â±17
802 Â±7
809 Â±7
817 Â±8
809 Â±10PVOil/g)34

Â±4*
49Â±3*63

Â±5"

22Â± 11
30 Â±12
28 Â±9Permeability

Oil/g/min)0.64
Â±0.05*

0.22 Â±0.29*0.27

Â±0.3T1

1.39 Â±0.51
0.81 Â±0.13
0.69 + 0.12ECVOJ/g)215

185313"

470*

209
205IWVW/g)184

136"250"

448"

179177Cell(Ml/g)577

Â±18"

555 Â±24489

Â±7"
339 Â±7"

608 Â±8
604 Â±10

' Mean Â±SD (n = 6).
* Mean Â±95% confidence interval.
' Number of h after three 10 mg/kg dexamethasone treatments, every 12 h.
" Significantly different from control at P < 0.05.

sion analysis provided lines of best fit with asymptotes at 215,
185, and 470 n\/g for the control, 4-h, and 36-h studies,
respectively.

Table 2 shows the changes in vascular and water space
parameters for RIF-1 tumors after three 10 mg/kg dexameth
asone treatments.

Total water content in RIF-1 tumors was minimally influ
enced by the dexamethasone treatments. At 4 h, total tissue
water was significantly (P < 0.05) reduced, but at other study
intervals, total water content was similar to that in controls.
I2SI-BSA distribution studies indicated significant increases in

tumor plasma volume for up to 24 h after dexamethasone
treatments. Control plasma volumes were reestablished by 36-
48 h after treatment. Capillary permeability was markedly
reduced at 4 and 24 h after treatment. At 36 h, capillary
permeability was increased to nearly twice that seen in untreated
controls. This increase was transient, as normal capillary
permeability was seen at 48 and 72 h.

51Cr-EDTA distribution studies indicated an ECV of 185 n\/

g at 4 h after dexamethasone; however, this decrease was not
significantly different from control by analysis of covariance.
At 24 and 36 h, RIF-1 tumor ECVs were significantly increased
above that in control tumors with pretreatment volumes rees
tablished by 48 h.

Tumor IWV was reduced by approximately 26% at 4 h after
dexamethasone treatments. Increases in tumor interstitial water
were noted at 24 and 36 h, with pretreatment volumes reestab
lished by 48 h after treatment.

Although no change was noted at 4 h after dexamethasone,
cell water was decreased at 24 and 36 h by 15 and 41%,
respectively. Pretreatment cell water volumes were reestab
lished by 48 h.

Fig. 4 shows the relationship between changes in tumor
plasma volumes and exchangeable RBC fraction in large (1.6
Â±0.19 g) RIF-1 tumors after dexamethasone treatments. The
exchangeable RBC fraction, expressed as the ratio between
RBC volumes determined by the "Cr-RBC (RBCE) and 59Fe-

RBC (RBGr) techniques, was significantly reduced at 4 h after
dexamethasone treatment, with recovery initiated by 24 h. At
36 h, RBCfi and RBCr were not significantly different, suggest
ing that the total tumor blood volume was freely exchangeable
with the peripheral circulation. By 48 h, pretreatment condi
tions were reestablished.

Fig. 5 shows the changes in "'RbCl distribution in RIF-1

tumors after dexamethasone treatments. Pretreatment studies
in control RIF-1 tumors (0.77 Â±0.03 g) indicated a perfusion
of approximately 3.3% of the cardiac output per g wet weight.
Although tumor mass was reduced by about 40% (0.45 Â±0.05
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Fig. 4. Changes in RIF-1 tumor plasma volume (â€¢)and exchangeable RBC
fraction (â€¢)after dexamethasone (/') treatments. The exchangeable RBC fraction
was determined for 8 mice per study interval, and each Â¡'ninirepresents the mean.
Bars, SE.
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Fig. 5. The "RbCl distribution (â€¢)and [3H]dThd LI (â€¢)in RIF-1 tumors after

dexamethasone treatments expressed as a percentage of pretreatment control
values. Pretreatment Lis and "RbCl %ID/g were 14.8 Â±0.7% and 3.3 Â±0.6%
ID/g, respectively. Each point represents the mean for 5 tumors. Bars, SE.

g), 86RbCl distribution at 4 h after dexamethasone was also
subnormal. By 12 h, pretreatment 86RbCl distribution was
reestablished. Increases in tumor 86RbCl distribution seen be

tween 36 and 72 h indicated a marked increase in tumor
vascular perfusion, even though tumor mass (1.26 Â±0.09 g) by
72 h was approximately 50% greater than in controls.

Previous studies have indicated that dexamethasone has a
profound effect on RIF-1 tumor clonogenic cell proliferation
in vivo (23). [3H]dThd labeling indices for RIF-1 tumor after

the dexamethasone treatment are also shown in Fig. 5. Tritiated
thymidine Lis were significantly reduced at 4 and 12 h after
the dexamethasone treatments. Recovery was initiated between
12 and 24 h, with peak Lis seen between 36 and 48 h. Lis
between 48 and 72 h after dexamethasone were significantly
higher than in the pretreatment controls.

DISCUSSION

Although previous studies have described changes in tumor
vascular function after X-irradiation (15, 26) and hyperthermia
(29, 30), we are unaware of previous studies to assess the effects
of corticosteroid hormones on tumor vascular perfusion, vas
cular permeability, and water compartmentalization. In un
treated RIF-1 tumors, PV, ECV, and IWV did not show a
significant variation with tumor size. In studies of vascular
perfusion, the results using 86RbCl distribution methods implied

that blood flow/g tumor decreased with increasing tumor size.
Although this conclusion could be biased by changes in cardiac
output secondary to the presence of the primary tumor, previous
studies using the labeled microsphere technique have shown
reduced tumor blood flow with increasing tumor size (31). Our
studies in large RIF-1 tumors also indicated that a significant
proportion of the total RBC volume may not exchange with the
peripheral circulation.

In the RIF-1 tumor model, the results from the present
studies indicate that the vascular response to dexamethasone
may not be unlike that observed in edematous normal tissues.
Short, high dose dexamethasone treatments led to profound
time dependent changes in tumor vascularity and tumor water
compartmentalization. I25I-BSA and 5lCr-EDTA distribution

studies indicated increased plasma volumes and reduced inter

stitial water volumes at 4 h after dexamethasone treatments.
Such changes in water compartmentalization could be ac
counted for by the establishment of new osmotic gradients
secondary to the observed reductions in capillary permeability.
Reduced capillary permeability after corticosteroid treatments
has been observed in several models of tissue inflammation (2,
6, 8). Total water content was only slightly reduced, and cell
water content was unaffected at 4 h after dexamethasone.
Although the dexamethasone treatment reduced tumor mass by
approximately 40% at 4 h, decreased tumor blood flow and
decreased exchangeable RBC fractions suggested that dexa
methasone had marked vasoconstrictive activity in this tumor.

The mechanisms by which corticosteroids decrease capillary
permeability in tumor tissue are not known. Studies in normal
tissue systems have indicated that dexamethasone can inhibit
prostaglandin E2 synthesis (3, 4), but corticosteroids have also
been shown to reduce edema in models in which specific pros
taglandin inhibitors are ineffective (6). In mice, dexamethasone
has also been shown to stimulate the synthesis of a protein
which may modulate normal capillary permeability (8, 9). Al
though such proteins have not been described in tumor systems,
we cannot preclude their existence.

Between 24 and 36 h after dexamethasone treatment, marked
changes in RIF-1 tumor vascular function and water compart
mentalization were again noted. The transient increases in
tumor interstitial water volumes at 36 h could have resulted
from newly established osmotic gradients, since markedly in
creased capillary permeability, increased vascular perfusion,
and reduced cell water volumes were observed at this time. The
mechanism for this rebound phenomenon is not known. How
ever, such responses might be anticipated if the dexamethasone
treatment resulted in transient inhibition of endogenous corti
costeroid production through ACTH suppression. Previous
studies in normal tissues have indicated that endogenous cor
ticosteroid hormones may play an important role in the regu
lation of capillary permeability in normal tissues (9).

Increases in the exchangeable RBC fraction were also noted
during the recovery interval. Such findings are also consistent
with vasodilation or the opening of previously collapsed tumor
blood vessels. Increased tumor blood flow, together with in
creased RBC exchange, could promote tumor oxygÃ©nationand
may, thus, provide a basis for previously observed increases in
RIF-1 tumor radiosensitivity after dexamethasone treatments
(32).

Several authors have indicated that tumor vascularity and
vascular perfusion may be limiting influences on tumor cell
proliferation and tumor growth fraction in solid tumors (24,
25). Although there is evidence to support the idea that the
antiproliferative effect of dexamethasone in solid tumor models
is mediated by dexamethasone receptors at the tumor cell level
(21-23), it is conceivable that the rebound proliferative response
observed after cessation of dexamethasone treatment is influ
enced by changes in tumor vascular perfusion, water compart
mentalization, and capillary permeability.

In the present studies, resumption of cell proliferation after
dexamethasone was temporally coincident with increases in
capillary permeability, IWV, and exchangeable RBC fraction.
| 'Il|d llul labeling indices, however, remained above control

limits when these parameters of vascular function returned to
pretreatment levels. Increases in tumor blood flow, however,
were not only temporally consistent with the resumption of cell
proliferation but remained above pretreatment levels through
out the interval of increased proliferation.

There is evidence from experimental model systems to sug
gest that corticosteroid-induced changes in tumor vascular func
tion could have significant implications for the design of che-
motherapeutic strategies. Although time dependent changes in
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vincristine responsiveness of RIF-1 (23) and other tumor
models (22) after dexamethasone can be explained on the basis
of changes in cell cycle distribution, observed increases in RIF-
1 tumor responsiveness to cyclophosphamide (23) might be
more easily explained by dexamethasone-induced changes in
tumor vascular function and increased drug delivery.

In other studies with the RIF-1 tumor, we noted increases in
the chemoresponsiveness of residual RIF-1 tumor, 3-4 days
after partial resection of subcutaneous tumors (33). This in
creased chemosensitivity was temporally coincident with in
creases in tumor growth fraction and increased cell prolifera
tion. Since marked but transient increases in endogenous
plasma corticosterone levels were observed after the surgical
procedure, this proliferative response, as well as the observed
increases in chemoresponse, could have been mediated by cor-
ticosterone-induced changes in tumor vascular function similar
to those seen after dexamethasone in the present studies.

The results from these and previous studies in the RIF-1 and
other tumor models (20-23) suggest that, although the antipro-
liferative effect of dexamethasone in RIF-1 tumors is mediated
by specific receptor hormone interactions at the tumor cell
level, proliferative recovery and chemoresponsiveness after dex
amethasone may be mediated by changes in tumor vascular
perfusion and capillary permeability.
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