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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 μm. (D) The number (per mm2) 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 
and panniculus carnosus muscle were evident 
in the dorsal skin tissue of the healthy mouse, 
and folliculus pili and sebaceous glands app- 
eared in the dermis (Figure 2C). Infiltration of 
neutrophils into areas of epidermal thinning 
and flattening, the dermis, and subcutaneous 
tissue was evident on the first day after DOX 

administration (Figure 2E). An ulcer had form- 
ed by the third day, and with local epidermal 
hypertrophy and extension of the rete ridge. 
Collagen fibers in the deep dermis showed fine 
tears, and the panniculus carnosus muscle 
showed edematous injury with inflammatory 
cell infiltration (Figure 2C). Neighboring epide- 
rmal growth with sloughing of the skin was 
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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 mm2) 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 mm2) of TRPV1-positive nerve 
fascicles (F) after 3-hrs cold or hot compresses. [(a) TRPV1 (fluorescein isothiocyanate; FITC), (d) α-smooth muscle 
actin (α-SMA) (tetramethylrhodamine; TRITC), (g) merge TRPV1 (arrowheads); (b) TRPV1 (FITC), (e) α-SMA (TRITC), 
(h) merge TRPV1 (arrowheads); (c) TRPV1 (FITC), (f) α-SMA (TRITC), (i) merge TRPV1 (arrowheads)]. (a) control group. 
(b) cold compress group. (c) hot compress group in (A, C and E). Bar = 50 μm, *: P < 0.05.
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able to determine the expression of mRNA for 
CD88, IL-8RA and TRPV1 by RT-PCR. Chemo- 
kines and C5a, 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 C5a 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 Ca2+ 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 

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 

Figure 4. Reverse transcription-polymerase chain reaction (RT-PCR) for 
CD88, interleukin-8 RA (IL-8RA), and transient receptor potential cation 
channel subfamily V member 1 (TRPV1). 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. 

by high fever (> 43°C) and 
nitric monoxide, but when in- 
flammation occurs, it is acti-
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- 
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 


