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Abstract: In the present study, we investigated a part of the mechanism responsible for the effects of hot and cold
compresses for extravasation of doxorubicin. We injected 20 pl of doxorubicin (DOX) (1 pg/ul) subcutaneously into
the dorsal area in mice and observed the resulting skin lesions macroscopically and histologically from day 1 to day
14 thereafter in groups treated with a cold pack (18-20°C) and a hot pack (38-40°C) or left untreated (control).
Immunofluorescence and RT-PCR for C5a receptor (CD88), interleukin-8 receptor (IL-8RA), and transient receptor
potential cation channel subfamily V. member 1 (TRPV1) were also performed. Macroscopic observation showed
that the area of the skin lesion was significantly smaller in the cold group than in the control group, but was signifi-
cantly larger in the hot group. The neutrophil count in the lesion was significantly higher in the hot group than in the
cold (3 hrs) and control groups. The numbers of inflammatory cells expressing CD88 and IL-8RA were significantly
lower in the cold group than that in the other groups at almost time points and in the hot groups at later time points,
respectively. The number of nerve fascicles expressing TRPV1 was higher in the hot group than in the cold group
on days 1, 3 and 14. mRNA for CD88, IL-8RA and TRPV1 was detectable by reverse transcription-polymerase chain
reaction in both the cold and hot pack groups. Consequently, these results suggested that the cold pack for the
extravasation of DOX might reduce inflammation.

Keywords: Hot and cold compresses, doxorubicin, C5a receptor (CD88), interleukin-8 receptor, transient receptor
potential cation channel subfamily V. member 1

Introduction have included infusion of saline and hyaluroni-
dase [6] or wash-out at the leakage site [7].
Local injection of steroid and application of
dexrazoxane have been also recommended for
extravasation of DOX [8, 9]. Furthermore, local
cooling reduces the area that needs to be surgi-
cally resected, and decreases a recall phenom-
enon [10]. Animal experiments have demon-
strated that cooling decreases ulceration [11],
but other reports have indicated that neither
cooling nor warming reduces the ulcer size or
healing period [12].

Doxorubicin (DOX) is a commonly used anthra-
cycline anticancer drug. Since its introduction
in 1975, DOX has been used in rituximab plus
cyclophosphamide, DOX, vincristine, and pred-
nisolone therapy [1], adriamycin, bleomycin,
vinblastine and dacarbazine therapy, and modi-
fied cyclophosphamide, vincristine, doxorubicin
and methotrexate therapy for lymphomas. The
reported frequency of extravasation of infused
anticancer drugs is 0.01-6.5% in Europe and
America [2]. DOX is classified in a vesicant drug
that can cause serious injury to skin tissue
when it leaks out of blood vessels. DOX extrava-

Cooling causes local vasoconstriction, thus lim-
iting diffusion of the drug into tissue, whereas

sation causes pain and necessitates cessation
of treatment for wound healing, sometimes for
a long period, and skin grafting and flap surgery
may be necessary [3]. Application of a hot com-
press is also recommended for treatment of
extravasation [4, 5]. Other reported therapies

warming causes local vasodilatation, and pro-
motes absorption of the drug [13]. For drugs
that bind to DNA, local cooling has been report-
ed to reduce absorption of the drug by skin tis-
sue after leakage. However, the period of cool-
ing has varied, with sometimes the cold com-
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press being applied for 15-30 min every 1-2
days, or sometimes continuously for 1-3 hrs
[13, 14], and in fact the mechanism of the
effect of such compresses remains unclear.

The purpose of the present study was to deter-
mine a part of the mechanism responsible for
the effect of compress application by examin-
ing the migration of neutrophils to the site of
DOX leakage, and also the intracellular expres-
sion of C5a receptor 1 (CD88), interleukin-8
receptor (IL-8RA), and transient receptor poten-
tial vanilloid type 1 (TRPV1) at the leakage site.

Material and methods
Mice

Thirty-nine BALB/c mice (male, 6 weeks, 22-25
g) were obtained from Nippon Clea (Tokyo,
Japan) and housed at constant temperature
(22-23°C) under a 12: 12-hrs light-dark cycle in
sawdust floor cages with free access to stan-
dard laboratory chow and tap water. The mice
were anesthetized with isoflurane (Abbott
Japan, Tokyo, Japan) and their backs were
depilated with a commercial cream (Kanebo,
Tokyo, Japan).

This study was approved by the Research Ethics
Committee (22091) of Yamagata University
Faculty of Medicine, Yamagata, Japan.

Hot and cold compress application

Using a syringe (Nipro, Osaka, Japan) with a
30-gauge needle, 20 ul of DOX (Kyowa Hak-
kou Kirin, Tokyo, Japan) (1 ug/ul) was inject-
ed subcutaneously into the backs of the mice.
Using a Cold/Hot Pack (3 M Healthcare, Tokyo,
Japan), the site of injection was then either
cooled (18-20°C) or warmed (38-40°C) while
measuring the skin surface temperature with
a digital thermometer (CE-309, Sato Shoji,
Kawasaki, Japan). The mice were placed in a
supine position. The compress was applied 3
hrs or 20 min, four times every 6 hrs [13, 14].
The mice were divided into a control group (n =
15) not subjected to compress application after
DOX injection, a cold pack group (n = 15), and a
hot pack group (n = 15). The lesioned skin was
photographed before treatment and its area
was measured using Image J (Texel Studio,
Tokyo, Japan).

A picture of the lesion, including skin swelling
around redness considered as the greatest
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dimension of inflammation was taken on the
first and third days after DOX administration,
and its area was measured using the image
processing software Image J-Win Japanese edi-
tion. After photography on the third day, we
resected the skin tissue and fixed it in 10%
formaldehyde for histological examination. Skin
specimens were cut into parasagittal slices,
dehydrated, and embedded in paraffin using
standard procedures to prepare sections 5 um
thick. The paraffin sections were stained with
hematoxylin and eosin and assessed by light
microscopy. We photographed 6 fields (x400)
of the specimen, confirmed the presence of
segmented leukocytes, and measured the neu-
trophil count per 1 mm?2.

Measurement of vascular permeability

On the basis of a report by Yamaki [15], we
examined vascular permeability. A caudal vein
was injected with 100 mg/kg body weight of
fluorescein isothiocyanate (FITC)-labeled bov-
ine serum albumin (Inter-Cell Technologies,
Jupiter, FL), and then 20 pl of DOX was injected
into six sites in the panniculus carnosus mus-
cle. We subsequently applied one compress for
30 min (n = 15) or 3 hrs (n = 6). We divided
these mice into a control group (n = 7) untreat-
ed after DOX injection, a cold pack group (n =
7), and a hot pack group (n = 7). After applica-
tion of the compress, we collected blood from
the abdominal vena cava and centrifuged it
(3,000 rpm, 10 min) to obtain serum after leav-
ing it at room temperature for 60 min. We
resected the skin tissue using an 8-mm biopsy
punch (Kai Industries, Gifu, Japan), and placed
it in 24-well tissue culture plates (Falcon, 3047,
Beckton Dickinson Japan, Tokyo, Japan), fol-
lowed by incubation with 1 ml of formamide
(Kanto Chemical, Tokyo, Japan) at 50°C for 2
hrs for measurement of the fluorescence inten-
sity using a fluorescence plate reader (Gemini
EM, Japan Molecular Devices, Tokyo, Japan). In
addition, we added 50 pl of serum to 24-well
plates and added 950 ul of formamide to mea-
sure the intensity of fluorescence after warm-
ing treatment, similar to that for the skin
tissue.

Immunofluorescence for CD88, IL-8RA and
TRPV1

For this experiment 75 mice were used. We

injected 20 ul of DOX (1 pg/ul) into the pannicu-
lus carnosus muscle, and then treated the
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injection site with a compress for 3 hrs using an
appliance. After DOX injection, we divided the
mice into an untreated control group (n = 15), a
cold pack group (n = 15), and a hot pack group
(n = 15) as described previously.

We took pictures of the injection site on days 1,
3, 5, 7 and 14 after DOX administration and
measured the area of the lesion using Image
J-Win Japanese edition. We then resected the
tissue on days 1, 3, 5, 7 and 14 after DOX
administration. Formalin-fixed tissue was used
for histologic examination and fresh frozen ti-
ssue for immunofluorescence for CD88, IL-8RA
and TRPV1. Frozen tissue samples were mo-
unted in Tissue Tek OCT compound (Sakura,
Tokyo, Japan), quickly frozen in liquid nitrogen,
and stored at -80°C. We obtained frozen se-
ctions 5-10 um thick using a Cryostat (CM-
1850, Leica, Tokyo) and mounted them on MAS
glass cover slips (Matsunami Glass Industry,
Tokyo, Japan), followed by air-drying for 1 hr. We
then fixed the sections with cold acetone (4°C)
for 10 min, followed by addition of 3% skim mi-
Ik (Morinaga Milk Industry, Tokyo, Japan) dis-
solved in PBS after washing in 0.01 M phosp-
hate-buffered saline, pH 7.4 (PBS), for 15 min.
For double immunofluorescence, slide-mount-
ed tissue sections were incubated with a pri-
mary antibody [anti-CD88 (C5aR) antibody (ra-
bbit, polyclonal, Santa Cruz Biotechnology,
Santa Cruz, CA), anti-rat IL-8RA antibody (rec-
ognizing mouse IL-8RA, goat polyclonal, Santa
Cruz Biotechnology), anti-rat TRPV1 (recogni-
zing mouse TRPV1, rabbit, polyclonal, Alomone
Labs, Jerusalem, Israel) and mouse monocl-
onal anti-a-SMA antibody (Clone 1A4, mouse
IgG2a, Dako, Glostrup, Denmark)] overnight at
4°C. The tissue sections were washed in PBS,
and then incubated with the secondary an-
tibody [FITC-conjugated goat anti-rabbit I1gG
(H+L) antibody (Beckman Coulter, Brea, CA),
FITC-conjugated donkey anti-goat I1gG (H+L)
antibody (Beckman Coulter) and tetrameth-
ylrhodamine (TRITC)-conjugated donkey anti-
mouse 1gG (H+L) antibody (Jackson Immuno
Research, West Grove, PA) at room tempera-
ture for 3 hrs. Finally, the tissues were washed
in PBS, and mounted in Fluoromount (Diagnostic
BioSystems, Pleasanton, CA). As a negative
control, we used PBS, non-immune rabbit IgG,
mouse IgG, and goat IgG (Dako) in place of the
primary antibody.

After mounting, we observed CD88 and IL-8RA
in the specimen using a fluorescence micro-
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scope and took photographs of 6 fields (400x).
In addition, we performed double staining using
TRITC and FITC for TRPV1 and a-SMA to exclude
the erector pili muscle, which includes TRPV1.
Subsequently, we photographed 6 fields (400x)
including the TRPV1-positive funiculus, and
measured the number of cells positive for CD88
and IL-8RA per 1 mm?2,

Reverse transcription-polymerase chain reac-
tion (RT-PCR) for CD88, IL-8RA and TRPV1

A fresh frozen section of the lesion tissues with
a compress for 3 hrsondays 1, 3,5, 7 and 14
after DOX was also obtained for RT-PCR. mRNA
was purified using WaxFreeTM RNA (TrimGen,
Sparks, MD). cDNA was synthesized with Pri-
meScript reverse transcriptase (TaKaRa Bio,
Tokyo, Japan) and Random 6 mers. RT-PCR was
performed using EmeraldAmpTM PCR Master
Mix (TaKaRa Bio) and a Veriti thermal cycler
(Applied Biosystems, Foster City, CA). The cDNA
was amplified using the following PCR primers:
CD88 [16], sense: 5-TATAGTCCTGCCCTCGCTC-
AT-3’, anti-sense: 5-TCACCACTTTGAGCGTCTT-
GG-3, IL-8RA [17], sense: 5-GACACTCTCTTAG-
GAGCCCACTTG-3’, anti-sense: 5-CAGGGCCTG-
GTCAATGTCA-3’, TRPV1 [18], sense: 5-TTGGAT-
TTTCCACAGCCGTAGT-3’, anti-sense: 5-GAACT-
TGAACAGCTCCAGACATGT-3’, glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) [19], se-
nse: 5-ATCAAGAAGGTGGTGAAGCAG-3’, anti-se-
nse: 5-GAAGGTGGAAGAGTGGGAGTT-3'.

PCR amplification was performed as follows:
denaturation for 10 min at 95°C; followed by
40 cycles of PCR amplification, with each cycle
consisting of 40 s of denaturation at 95°C, 1
min of annealing, and 40 s of elongation at
72°C; and with one final cycle of elongation at
72°C for 7 min. The annealing temperature was
set at 60°C for CD88, IL-8RA and GAPDH, and
65°C for TRPV1. The amplified PCR products
were separated by electrophoresis on a 4.0%
agarose gel containing ethidium bromide, and
then visualized with UV illumination.

Statistical analysis

The data of vascular permeability are present-
ed as the mean + standard deviation (SD). For
the other data, the median of each group is
shown as a box plot with whiskers from mini-
mum to maximum. The interquartile range
shows as box with the median marked as a
horizontal line, and minimum and maximum
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Figure 1. Effects of compress application on the size of lesion area, neutro-
philic infiltrate, and vascular permeability. Both cold and hot compresses
were applied 20 min or 3 hrs four times every 6 hrs. Box plot explanation:
The median for each group is shown as a box plot with whiskers from mini-
mum to maximum. The interquartile range is shownas a box with the median
marked as a horizontal line; minimum and maximum from lower and upper
quartile represent error bar. A. The macroscopic lesioned area after cold and
hot compresses. After administering of doxorubicin into the dorsal skin of
the mouse, the lesioned areas (cm?) on the 1st and 3rd days were measured
and compared in each group. B. Relationship between neutrophilic infiltra-
tion and cold or hot compression time. After administering of doxorubicin
into the dorsal skin of the mouse, followed by cold or hot compression during
20 min or 3 hrs (4 times), the number of neutrophils (/mm?) was counted on
the third day. C. Vascular permeability: After doxorubicin administering into
mouse dorsal skin followed by 30-min or 3-hrs compress, the intensity of
fluorescein isothiocyanate-labeled bovine serum albumin was measured in
a fluorescence plate reader. *: P < 0.05.
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from lower and upper quartile
represent error bar. The Kru-
skal-Wallis and Bonferroni sig-
nificant difference tests were
used to analyze the results,
and differences at P < 0.05
were considered significant.
All tests were performed using
SPSS 16.0 for Windows.

Results

Effects of compress applica-
tion on the size of lesioned
area, neutrophilic infiltrate,
and vascular permeability

We compared the area of sw-
elling after application of ea-
ch type of compress on the
first and third days following
administration of DOX. This
showed that, relative to the
control group, the area of the
lesion in the cold pack gro-
up was significantly smaller
at both time points, where-
as that in the hot pack group
was significantly larger (Figure
1A). There was an evident te-
ndency to have higher neut-
rophil count in the hot pack
group on the third of 3 days
than in the other groups (Fi-
gure 1B). Vascular permeab-
ility was significantly increas-
ed at 3 hrs of hot pack appli-
cation relative to the other gr-
oups (Figure 1C).

Effects of compress applica-
tion to the prolongation of
inflammation

Next, we evaluated the prolon-
gation of inflammation on da-
ys 1 to 14 after DOX adminis-
tration followed by a cold or
hot compress. Because the
backs of mice had resumed
hair regrowth by day 14, the
area of the lesioned skin was
measured up to day 7. The
lesions in the cold pack group
were significantly smaller than
those in the other groups on
days 1, 5 and 7 (Figure 2A,
2B).

Int J Clin Exp Pathol 2019;12(4):1468-1477
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Figure 2. Histologic examination of prolongation of inflammation after administration of doxorubicin into mouse
dorsal skin followed by 3-hrs compress. (A) Macroscopic pictures. Greatest dimensions of lesions were measured
including edema. Bar = 10 mm. (B) Extent of the lesioned area after doxorubicin administration and 3-hrs cold or
hot compresses. Box plot explanation: The median for each group is shown as a box plot with whiskers from mini-
mum to maximum. The interquartile range is shown as a box with the median marked as a horizontal line, minimum
and maximum from lower and upper quartile represent error bar. *: P < 0.05. (C) Histologic findings (Hematoxylin
and eosin stain). (a) The dorsal skin of healthy mouse: epidermis (E), dermis (D), and subcutaneous tissue (Sc),
sebaceous glands (S), the hair follicle (H). (b) Control group: neutrophils (arrowheads). (c) Cold group: neutrophils
(arrowheads). (d) Hot group: neutrophils (arrowheads). Bar = 50 um. (D) The number (per mm?) of neutrophils after
3-hrs cold or hot compresses. Box plot explanation: The median for each group is shown as a box plot with whiskers
from minimum to maximum. The interquartile range is shown as a box with the median marked as a horizontal line;
minimum and maximum from lower and upper quartile represent error bar. *: P < 0.05.

The epidermis, dermis, subcutaneous tissue administration (Figure 2E). An ulcer had form-
and panniculus carnosus muscle were evident ed by the third day, and with local epidermal
in the dorsal skin tissue of the healthy mouse, hypertrophy and extension of the rete ridge.
and folliculus pili and sebaceous glands app- Collagen fibers in the deep dermis showed fine
eared in the dermis (Figure 2C). Infiltration of tears, and the panniculus carnosus muscle
neutrophils into areas of epidermal thinning showed edematous injury with inflammatory
and flattening, the dermis, and subcutaneous cell infiltration (Figure 2C). Neighboring epide-
tissue was evident on the first day after DOX rmal growth with sloughing of the skin was
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found on the fifth day (Figure 2E), with many
lymphocytes and macrophages other than ne-
utrophils in the dermis and subcutaneous tis-
sue. Re-epithelialization of the epidermis aro-
und the lesion was evident on the seventh day,
but many inflammatory cells were still present
in the dermis. Re-epithelialization under the
crust was advanced on day 14, and the epider-
mis continued, and it was localized, and subepi-
dermal bullae including lymphocytes and red
blood cells were found. The lesion became
fibroblast-rich, and granulation tissue was
reduced.

The neutrophil count was maximal on the third
day and decreased gradually thereafter. It had
an evident tendency to be lower in the cold
pack group in comparison with the other
groups, and there was a significant difference
between the cold and hot groups on days 1, 3,
5 and 14 (Figure 2D).

Immunofluorescence for CD88, IL-8RA, and
TRPV1

We observed autologous fluorescence of hairs
on the dorsal skin of mice. Because positivity
was found in the stratum corneum and follicu-
lus pili in the negative controls, these struc-
tures were omitted in subsequent examina-
tions. The number of inflammatory cells show-
ing positivity for CD88 and IL-8RA was a ten-
dency to be lower in the cold pack group than
the hot pack groups on any days and days 5, 7
and 14, respectively (Figure 3A-D). There was
also a tendency to observe less positivity for
TRPV1 in the funiculus in the cold pack group
than in the other groups, and there was a sig-
nificant difference between the cold and hot
groups on days 1, 3 and 14 (Figure 3E, 3F).

RT-PCR for CD88, IL-8RA, and TRPV1

RT-PCR of frozen tissue revealed the expres-
sion of mRNA for CD8S8, IL-8RA, TRPV1 and
GAPDH in the positive control. Similarly, in skin
tissue on the first day after DOX administration,
expression of mRNA for CD88, IL-8RA, TRPV1
and GAPDH was detected, but was absent in
the negative control (Figure 4).

Discussion

Currently there is no consensus regarding the
optimal period of treatment with hot or cold
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compresses for anticancer drug extravasation
[4, 20, 21]. A method involving repeated appli-
cation of compresses for 20 min has been
adopted empirically [12], but this was originally
based on PRICE therapy for sprains [22] and
cryotherapy for ankle strain [23]. In the prese-
nt cold pack group, the neutrophil count at 20
min did not differ significantly from that in the
control group, but was decreased at 3 hrs; also,
the neutrophil count in the hot pack group was
found to be increased regardless of the peri-
od of compress application. Repeated appli-
cation of a cold pack every 20 min inhibits ne-
utrophil infiltration relative to application of a
hot pack, but it is thought that continuous cold
pack application for 3 hrsis better. Furthermore,
application of a hot pack for 3 hrs increases
vascular permeability. A 30-min compress ap-
plication has been performed empirically, but
in the present study there was no significant
difference in vascular permeability between
the cold pack and hot pack groups. With regard
to the effect of 30-min cooling, a laboratory
study of rats has shown that inflammatory cell
infiltration and edema resulting from extravasa-
tion of an antibiotic agent were inhibited [24].
However, no study prior to the present one has
investigated leakage of an anticancer drug.
Because anticancer drugs are more injurious to
skin tissue and the resulting inflammation
tends to be protracted, brief cooling or warming
seems to have little effect. In addition, we fol-
lowed the protocol from preliminary research in
the injury of the skin with the doxorubicin
administration by this experiment andchose
suitable animal models [25]. Based upon these
previous findings, we studied the subcutane-
ous leakage of 20 ul of DOX (1 pg/ul) on the
panniculus carnosus muscle in the backs of
mice, and examined the mechanism of the
effect of 3-hrs compress application.

We examined the effects of compresses ap-
plied for 3 hrs on injury resulting from leakage
of doxorubicin into subcutaneous tissue. We
found that, in comparison with the cold pack
group, the lesions were exacerbated in the hot
pack group, and that the neutrophil count was
increased. In the cold pack group, inflammatory
cells positive for CD88 and IL-8RA were signifi-
cantly decreased on any days and days 1, 5, 7
and 14, respectively, as were funiculi positive
for TRPV1 and TRPV1 in the epidermis, relative
to the hot pack group. Furthermore, we were

Int J Clin Exp Pathol 2019;12(4):1468-1477
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Figure 3. Immunofluorescence for CD88, interleukin-8 RA (IL-8RA) and transient receptor potential cation channel
subfamily V. member 1 (TRPV1) on 3rd day after administration of doxorubicin into mouse dorsal skin followed by
3-hrs compress. Box plot explanation: The median for each group is shown as a box plot with whiskers from mini-
mum to maximum in (B, D and F). The interquartile range is shown as a box with the median marked as a horizontal
line, minimum and maximum from lower and upper quartile represent error bar. (A & B) Immunofluorescence for
CD88 (A) and IL-8RA (C), and the number (per mm?) of CD88 (B) and IL-8RA (D)-positive cells after 3-hrs cold or hot
compresses. Immunofluorescence of TRPV1-positive cells (E) and the number (per mm?) of TRPV1-positive nerve
fascicles (F) after 3-hrs cold or hot compresses. [(a) TRPV1 (fluorescein isothiocyanate; FITC), (d) a-smooth muscle
actin (a-SMA) (tetramethylrhodamine; TRITC), (g) merge TRPV1 (arrowheads); (b) TRPV1 (FITC), (e) a-SMA (TRITC),
(h) merge TRPV1 (arrowheads); (c) TRPV1 (FITC), (f) a-SMA (TRITC), (i) merge TRPV1 (arrowheads)]. (a) control group.
(b) cold compress group. (c) hot compress group in (A, C and E). Bar = 50 um, *: P < 0.05.
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by high fever (> 43°C) and

nitric monoxide, but when in-

flammation occurs, it is acti-
CcDss vated within the normal tem-
perature range and is asso-
ciated with inflammatory pain
[29]. In addition, in colitis, TR-
PV1 increases the number of
neutrophils migrating into ar-
eas of inflammation, and incr-
eases myeloperoxidase activ-
ity [30]. In the present study,
expression of TRPV1 was fo-
und in peripheral nerves from
the first day after DOX extra-
vasation. Expression of epid-
ermal TRPV1 was also obser-
ved from day 1. Expression of
CD88 was found from the fir-

IL-8RA

TRPV1

GAPCH

CD8S8, interleukin-8 RA (IL-8RA), and transient receptor potential cation

channel subfamily V. member 1 (TRPV1l). mRNAs of CD88, IL-8RA, and
TRPV1 including glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were
expressed in skin tissue on the first day after doxorubicin administration.
MM: molecular marker, Lane 1; positive control (brain), Lane 2; control (no
compress), Lane 3; cold compress, Lane 4; hot compress, Lane 5; negative

control.

able to determine the expression of mRNA for
CD88, IL-8RA and TRPV1 by RT-PCR. Chemo-
kines and Cba, including IL-8, are closely as-
sociated with migration of neutrophils into
inflammatory tissue. IL-8 is classified as a CXC
chemokine and is a chemotactic factor that
causes neutrophils to migrate into inflammato-
ry tissue after activation of its receptor, IL-8R
[26]. C3a and Cbha stimulate mast cells by acti-
vation of the complement system, bringing
about vascular hyperpermeability, followed by
migration of neutrophils and macrophages into
inflammatory tissue [27]. It inhibits the migra-
tion of neutrophils into skin tissue and decreas-
es their expression of CD88 and IL-8R, thus
decreasing any unnecessary injury.

In the present study, application of a cold pack
for 3 hrs tended to decrease the expression of
TRPV1 in peripheral nerves at the injury site on
days 1, 3 and 14, relative to that in the hot pack
group. TRPV1 belongs to the TRP superfamily
and is activated by capsaicin, being a channel
having high Ca?* permeability. It is a thermosen-
sor expressed on dorsal root ganglia and
C-fibers, which are sensory nerves releasing
neuropeptides such as substance P and calci-
tonin gene-related peptide [28]. It is activated

1475

st day of inflammation espe-
cially with the hot compress,
but a marked inflammatory
reaction was promoted by ma-
ny neutrophils that migrated
into the area of tissue injury,
and these were thought to
express TRPV1. In addition, the expression of
TRPV1 and CD88 continued after the first day,
and skin injury caused by DOX continued. DOX
that leaks into skin tissue binds to DNA, and
not only causes local cell death, but also
release of DNA-anthracycline complexes from
dead cells. These are taken up by neighboring
normal cells by endocytosis, thus increasing
the degree of cytotoxicity. However, in this
study, the expression of CD88 mRNA did not
seem to be consistent with the expression level
of immunofluorescence. Future work should
quantify these factors by real-time PCR and
quantify the amount of protein by western
blotting.

In this study, it was suggested that CD88 and
IL-8RA were expressed on neutrophils, and
TRPV1 was expressed on peripheral nerves,
and these were associated with expansion of
the injury. Three-hrs cooling inhibited the ex-
pression of these molecules, suggesting that
this would have been effective for inhibition of
the inflammatory reaction, whereas warming
worsened the lesion. In addition, application of
a hot pack for 3 hrs significantly enhanced vas-
cular permeability. These results suggest that
as well as inducing local vasodilatation [13], a
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hot pack does not promote healing, but rather
causes sudden edema.

In the present study, we were able to reveal the
following using mouse model for the first time:
(1) Application of a cold pack (20°C) for 3 hrs
inhibited the expression of CD88 and IL-8RA,
and decreased the neutrophil count. In addi-
tion, it significantly reduced the extent of the
lesion evident macroscopically until day 7. (2)
Application of a hot pack (40°C) aggravated
vascular permeability and increased the degree
of swelling. In addition, it increased the expres-
sion of CD88 and IL-8RA and raised the neutro-
phil count, significantly exacerbating the lesion.
In relation to risk management, it is important
to monitor the occurrence of cytostatic drug
extravasation in order to improve the quality of
nursing care provided to cancer patients.
Extravasation of anticancer drugs can cause
severe skin lesions, and is usually detected
clinically during routine patient care.

When infused anticancer agents leak from
blood vessels, both cold and hot packs are
commonly used to treat the skin surface.
However, application of a hot pack to damaged
skin tissue results in further injury, and our find-
ings suggest that such lesions might be agg-
ravated. In addition, increased expression of
TR-PV1 causes pain, and the excessive inflam-
matory reaction may prolong the healing peri-
od. We think that the present findings have
shed some light on the effects of application of
cold and hot packs that are used routinely in
clinical practice, and the underlying mecha-
nisms involved.
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