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Dexamethasone exacerbates cytotoxic chemotherapy induced lethargy and weight
loss in female tumor free mice
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ABSTRACT
Cytotoxic chemotherapy can induce a systemic inflammatory response which has been proposed to be an
underlying mechanism of cancer treatment related fatigue. Dexamethasone, a synthetic glucocorticoid
that has potent anti-inflammatory effects, is incorporated into chemotherapy regimens to prevent
chemotherapy-induced nausea and vomiting (CINV). The purpose of this study was to determine whether
by suppressing cytotoxic chemotherapy-induced inflammation, dexamethasone could ameliorate
chemotherapy induced fatigue/lethargy in tumor free mice. The effect of dexamethasone (DEX) on
Cytoxan-Adriamycin (CA)-induced inflammation was assessed by measuring circulating levels of IL-1b,
TNF-a, IL-6, GCSF, KC, and MCP-1 twenty-four-hours post CA injection. Decline in voluntary wheel running
activity (VWRA) from baseline (used as a proxy for fatigue/lethargy), body weight and composition, and
food intake were monitored in mice administered four cycles of CA every two weeks with or without DEX.
CA increased circulating levels of IL-6, GCSF, KC, and MCP-1 and caused a rapid decline in VWRA and body
weight immediately following CA-injection. Although the acute CA-induced decline in VWRA and body
weight was not evident in mice administered CA C DEX, DEX alone had a suppressive effect on VWRA, and
body weight continued to decline in mice administered both CA and DEX while it returned to baseline in
CA-treated mice. CA or DEX alone had no long term impact on VWRA but DEX exacerbated lethargy and
weight loss in CA-treated mice. Despite dampening the systemic inflammatory response to
chemotherapy, dexamethasone failed to ameliorate acute or long term chemotherapy related fatigue/
lethargy. Our pre-clinical findings suggest that supportive therapies like dexamethasone used to acutely
control nausea and vomiting in cancer patients may actually contribute to overall symptom burden in
cancer patients.

Abbreviations: BMC, bone mineral content; BDNF, brain derived neurotropic factor; CA, Cytoxan-Adriamycin; CAF,
Cytoxan-Adriamycin-5-fluorouracil; CINV, chemotherapy-induced nausea and vomiting; CTRS, cancer treatment-
related symptoms; DEX, dexamethasone; FM, fat mass; HPA, hypothalamic pituitary adrenal; LM, lean mass; LSD,
least significant difference; NS, normal saline; SSRI, selective serotonin reuptake inhibitor; VWRA, voluntary wheel
running activity
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Background

Fatigue is a common symptom experienced by cancer patients
undergoing cancer chemotherapy regardless of tumor type or
chemotherapy type.1–6 Fatigue can persist after tumor control
or treatment cessation.7–9 Fatigue affects physical functioning,
quality of life, and intervention adherence.2,3,10 The cause of
cancer treatment-related fatigue has not been fully delineated,
but it is likely multifactorial and influenced by other treatment
related side effects including anemia, skeletal muscle atrophy,
cardiopulmonary, hepatic or renal impairment, malnutrition,
impaired sleep quality, depression, anxiety, and cognitive dys-
function.11,12 The induction of inflammatory cytokines by cyto-
toxic chemotherapy is a proposed etiological mechanism of
cancer treatment related fatigue and related symptoms.13

Fatigue, or lethargy as it is often referred to in rodents, is a pre-
dominant symptom of sickness behavior, a cluster of symptoms
that occur following immune challenge that are triggered by the
production of the pro-inflammatory cytokines IL-1b and TNF-

a. These two cytokines are called initiator cytokines because
they induce the production of several other inflammatory cyto-
kines and chemokines including GCSF, IL-6, KC, and MCP-1.
This acute inflammatory response activates the hypothalamic
pituitary adrenal (HPA) axis resulting in the production of
endogenous glucocorticoids: cortisol in humans and corticoste-
rone in mice which have anti-inflammatory properties.14 In
rodent models of sickness behavior, an immune challenge such
as injection with bacterial endotoxin causes a decrease in loco-
motor function, used frequently as a proxy for cytokine-
induced lethargy, hypophagia, transient weight loss, and behav-
ioral depression.15–19 These behavioral changes coincide with
increased production of inflammatory cytokines and chemo-
kines in the peripheral circulation and brain including the
hypothalamus, hippocampus, and cerebellum. A similar
inflammatory and behavioral response occurs in rodents
injected with cytotoxic chemotherapy which led us and others
to conclude that the chemotherapy-induced inflammatory
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response may contribute to the burden of acute cancer treat-
ment-related symptoms (CTRS) in cancer patients.13,20,21

Dexamethasone is a synthetic glucocorticoid and, like all
glucocorticoids, has potent anti-inflammatory effects: blocking
the synthesis of histamines and prostaglandins in vivo.22,23 and
inflammatory cytokines in vitro.24–26 It is prescribed to treat a
variety of inflammatory conditions and is effective at reducing
inflammation in variety of rodent inflammatory disease mod-
els.27–30 Low dose dexamethasone is routinely used to prevent
chemotherapy-induced nausea and vomiting (CINV) in cancer
patients exposed to highly emetic chemotherapeutic agents.
Adriamycin and Cytoxan are commonly used agents used in
the adjuvant treatment of early stage breast cancer. When com-
bined, these drugs are highly emetogenic, and as such are
administered with dexamethasone and other antiemetic
agents.31 Oral dexamethasone (4 mg) is usually administered
prior to the start of chemotherapy infusion and then daily for
up to 4 d post each chemotherapy infusion.31 Given the poten-
tial link between cytotoxic chemotherapy-induced inflamma-
tion and treatment related fatigue, it is possible that by
dampening chemotherapy-induced inflammation dexametha-
sone could ameliorate acute treatment related fatigue and other
CTRS. Indeed Yennurajalingam and colleagues found that a
two-week course of dexamethasone significantly reduced physi-
cal fatigue and improved appetite relative to placebo in
advanced cancer patients although participants were not in
active chemotherapy treatment.32

While beneficial at reducing CINV and potentially fatigue,
negative side effects of dexamethasone include insomnia and
anxiety both of which are associated with fatigue in disease free
breast cancer survivors during and following primary treat-
ment.33–38 Glucocorticoids also have catabolic effects on skele-
tal muscle39 and it is possible that dexamethasone when used as
an antiemetic during multiple cycles of chemotherapy could
contribute to weight loss observed in cancer patients undergo-
ing cytotoxic chemotherapy.40–43

The impact that dexamethasone, alone or in combination
with cytotoxic chemotherapy, has on fatigue and other CTRS
has not been investigated in the clinical setting because dexa-
methasone is incorporated into chemotherapy regimens as stan-
dard clinical care. Thus, the purpose of this observational study
was to use a previously established mouse model of breast can-
cer chemotherapy symptoms to examine the impact of dexa-
methasone alone or in combination with cytotoxic
chemotherapy on inflammatory signaling, fatigue/lethargy, food
intake, body weight and composition in tumor free female mice.

Methods

Mice

All animal procedures were performed according to protocols
approved by the Institutional Animal Care & Use Committee
at Massachusetts General Hospital. Female C57BL/6 mice,
10–12 weeks old (18–21 grams) were purchased from Jackson
Laboratories (Cat #000664, Bar Harbor, ME) and unless stated
otherwise were group housed in rooms with 12-h light-dark
cycle with ad lib access to mouse chow and water. Mice for
CTRS assessment were housed singly in a cage fitted with a

running wheel (diameter 11.5 cm). All mice had ad lib access to
food and drinking water supplemented with antibiotics
(1.3 mg/ml sulfamethoxazole and 0.3 mg/ml trimethoprim) to
prevent infection related to neutropenia, secondary to chemo-
therapy-induced bone marrow suppression. Mice were moni-
tored daily for signs of morbidity due to the experimental
procedure and were removed from the study if they; 1) lost �
20% of their body weight or developed a body condition score
of 1.44 Mice displaying these signs were removed from the study
and sacrificed according to protocols established at the MGH
Department of Comparative Medicine.

Drug administration in mice

Mice were administered CA, a combination of cyclophospha-
mide (Cytoxan) and doxorubicin (Adriamycin), at concentra-
tions of 167 mg/kg and 4 mg/kg, respectively. CA was chosen
because it is currently a common adjuvant regimen used in the
treatment of breast cancer. CA was administered to mice by
intraperitoneal (i.p.) injection in a volume of 1 mL of normal
saline (NS). Control mice were injected with the same volume
of NS without drug. DEX was administered by subcutaneous
(s.q.) injection in the flank in a volume of 200 mL NS. Control
mice were injected with 200 mL of NS alone. The dosage of
DEX and CA injected into mice were based on the human
equivalent dose according to the body surface area normaliza-
tion method.45 In Experiment 2, DEX was administered daily
for 8 d (See Fig. 1 for treatment outline). Briefly, mice were
injected with 5 mg/kg DEX on days one to five, 2.5 mg/kg DEX
on D 6 and 7, and 1.25 mg/kg on D 8. This tapering DEX regi-
men was chosen to reduce the likelihood of adrenal suppression
and to approximate the multi-day dosing schema used in the
clinical setting. Control mice were injected with the same vol-
ume of NS without DEX.

Experiment 1: Assessment of the effect of DEX on
CA-induced inflammatory cytokine and chemokine
expression.

For the measurement of circulating cytokines 48 mice were sep-
arated equally into four treatment groups; NS C NS (Sham),
DEX C NS (DEX), DEX C CA, and 4) NS C CA (CA). Mice in
the DEX and DEX C CA groups were injected with 5 mg/kg
DEX or NS for 3 d. On the 3rd D mice were injected with either
CA or NS. Approximately 24-hours after the CA injection,

Figure 1. Mice were separated into four treatment groups; Sham, DEX, CA, and
DEX C CA as described in the methods section. Mice in the Sham and CA groups
were injected subcutaneously with NS on D1 to D8 of each treatment cycle (filled
arrows). Mice in the DEX and DEX C CA groups were injected sq with 5 mg/kg
DEX on days one to five, 2.5 mg/kg DEX on d 6 and 7, and 1.25 mg/kg on D 8. On
Treatment D 3 (D3) mice in the CA and DEX C CA groups were injected i.p. with
Cytoxan C Adriamycin (CA) while mice in the Sham and DEX groups were injected
with the same volume of normal saline (NS).
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mice in all groups were terminally sedated and peripheral blood
collected by cardiac puncture. Peripheral blood collected by
cardiac puncture was allowed to clot for 1 hour and then centri-
fuged at 8000 RPM for 10 minutes at room temperature (RT).
Serum was removed, aliquoted and immediately stored at
-80�C until analysis. Levels of IL-1b, TNF-a, IL-6, G-CSF, KC,
and MCP-1 were measured in duplicate using a magnetic bead-
based immunoassay (Cat# MCYTOMAG-70 K, EMD Milli-
pore, Billerica, MA). Data were collected and analyzed using
the Luminex-200 system Version IS (Luminex, Austin, TX). A
four or five-parameter regression formula was used to calculate
the sample concentrations from the standard curves.

Experiment 2: Assessing the effect of DEX and CA on CTRS

Mice were housed singly in cages fitted with running wheels to
allow daily monitoring of voluntary wheel running activity
(VWRA), which was used as a proxy for fatigue. Wheel turns
were collected automatically in 60 min bins with a magnetic
reed switch (MiniMitter, Bend, OR) and the Vital View Data
Acquisition System (Vital View, Bend, OR). After acclimation
for 10 d baseline wheel running activity, food intake, and body
weight were measured daily for 14 d after which time mice
were separated into four treatment groups (n D 10 per group):
Sham, DEX, CA, and DEX C CA. Mice underwent four treat-
ment cycles at 18–20 d intervals. Approximately 4 weeks after
the last treatment cycle mice underwent body composition
assessment by dual-energy X-ray absorptiometry (DEXA)
densitometry using a Lunar PIXImus II (software version
1.42.006.010; Lunar Corp, Madison, Wisconsin).

Analysis

Kaplan-Meier analysis was used to estimate survival rate. Log-
rank testing was used to evaluate the equality of survival
curves. In Experiment 1, IL-1b and IL-6 serum level data were
not normally distributed and were log10 transformed prior to
analysis. Two-way ANOVA with DEX and CA as the inde-
pendent variables was used to examine DEX x CA interaction
effects on serum cytokine and chemokine levels. For Experi-
ment 2, VWRA during the 12 hour dark phase was used to
calculate dark phase time on wheel, total VWRA, average
speed, and peak speed. Total VWRA was the number of wheel
turns in 12 hours; time on wheel was the number of 1 hour
intervals where wheel rotations were � 600 (i.e. � 10 turns
per minute), average speed was total VWRA divided by time
on wheel, and peak speed was the maximum speed reached
during a 60 minute interval. One-way ANOVA with Fisher’s
least significant difference (LSD) post-hoc tests were used to
examine group differences in outcome variables with Bonfer-
roni correction for multiple comparisons as indicated (.05/
number of comparisons).

Results

In the first experiment we sought to determine whether DEX
could dampen the expected CA-induced increase in circulat-
ing inflammatory cytokine and chemokines. Fig. 2 shows
serum levels of IL-1b, TNF-a, IL-6, MCP-1, GCSF, and KC in

the Sham, CA, DEX, and DEX C CA treatment groups. In
contrast to IL-1b and TNF-a, serum levels of KC, GCSF, IL-6,
and MCP-1 were significantly increased in CA-treated mice
compared to sham-treated mice injected with NS alone
(Fig. 2) Two-way ANOVA with DEX and CA as the indepen-
dent variables revealed a significant interaction DEX x CA
effect for serum MCP-1 (F(3,44) D 6.507, p D .015), KC (F
(3,46) D 5.394, p D .025), GCSF (F(3,47) D 12.072, p D .001),
IL-6 (F(3,46) D 11.225, p D .002) but not IL-1b (F(3,46) D
.109, p D .743) or TNF-a (F(3,46) D .091, p D .764).
Although levels of MCP-1, KC, GCSF, and IL-6 were signifi-
cantly higher in DEX C CA treated mice relative to their
DEX-treated counterparts, the magnitude of the CA-induced
inflammatory response was dampened by approximately 2-
fold in DEX treated animals (Fig.2).

In Experiment 2 we examined the effect of DEX either
alone or in combination with cytotoxic chemotherapy on
fatigue, food intake, body weight and composition in mice
administered four treatment cycles. Mice were separated into
four treatment groups; Sham, DEX, CA, and DEX C CA as
described in the methods section. Daily VWRA, body weight,
and food intake were measured daily throughout 4 cycles of
treatment and up to three weeks thereafter. Body composition
was assessed before and then three weeks after the final treat-
ment cycle by DEXA. All of the mice in the Sham and DEX
alone groups completed the four treatment cycles, whereas
one CA-treated mouse and three CA C DEX treated mice
met criteria for removal from the study after the 3rd and 4th

treatment cycles. There was no statistically significant differ-
ence in survival between the CA and DEX C CA treatment
groups (p D .182).

Figure 3 shows plots of hourly VWRA during a 9-d period;
1-d prior to (B) and throughout the first 8-d treatment cycle
(D1 to D8). DEX and/or CA did not cause a transient shift in
the circadian pattern of VWRA throughout the treatment cycle
since mice in each treatment group initiated VWRA at the
onset of the dark phase. In Fig. 4 we show further analysis of
dark phase VWRA during B and then D1 to D8 of the treat-
ment cycle; i) total VWRA, ii) time on wheel, iii) peak VWRA,
and iv) average speed (see methods section for further descrip-
tion of these variables). One-way ANOVA with Bonferroni
correction for multiple comparisons (p<.006) was used to
detect significant group differences in VWRA outcome variable
for each treatment day. Significant group differences were only
observed for total VWRA (F(3,36) D 12.832; p<0.001), time
on wheel (F(3,36) D 18.141; p<0.001), peak VWRA (F(3,36)
D 4.764; p D 0.007), and speed (F(3,36) D 7.448; p D 0.001)
on treatment Day 3 (D3) which corresponded to the day of CA
injection. To determine which treatment groups differed on
D3, we conducted follow up post-hoc tests. We found that
mice in the DEX alone treatment group spent significantly less
time on their wheels (p D .016), and ran at a lower speed (p D
.003) than mice in the Sham-treatment group which resulted
in a lower total VWRA (p D .001). Peak speed however was
not significantly different between these two groups (p D .082).
Comparing CA versus sham treatment groups we found that
CA-treated mice ran significantly less during the dark phase
(p<.001) because they spent significantly less time on their
wheels (p<.001), ran at slower speeds (p<.001), and achieved
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Figure 2. Serum levels of IL-1b, TNF-a, IL-6, GCSF, KC, and MCP-1 in mice 24-hours after CA or NS injection in the presence or absence of DEX (12 mice per group). Each
bar represents the mean § SEM of each value. P-values derived from one-way or two-way ANOVA are indicated in each figure. The threshold for detection was 3.2 pg/
mL. P-values derived from one-way or two-way ANOVA are indicated in each figure.

Figure 3. Number of wheel turns per hour in the dark and light phase one day prior to (B) and throughout the first 8-d treatment cycle (D1 to D8) in sham and CA treated
mice (Top Panel) and Dex and DEX C CA treated mice (Bottom panel). Solid arrows indicate the timing of s.q. normal saline or dexamethasone injection. Open arrows
indicate the timing of CA or NS i.p. injection. Each data point represents the mean § SEM of each value.
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a lower peak speed (p<.001). In contrast, we did not observe a
significant difference between the DEX and DEX C CA treat-
ment groups in total VWRA (p D .0576), time on wheel (p D
.633), peak (p D .498), or speed (p D .467). Comparing the CA
and DEX C CA treatment groups we found no significant dif-
ference in total VWRA (p D .221), peak (p D .285), or speed
(p D .682), but mice in the CA C DEX group spent less time
on their wheels than mice in the CA only treatment group
(p < .001).

Figure 5A shows plots of hourly VWRA during a 3-d period
2 weeks after the 4th treatment cycle. All of the mice in the
Sham and DEX groups completed the four treatment cycles,
whereas two CA-treated mice and three CA C DEX treated
mice group met criteria for removal from the study after the 3rd

and 4th treatment cycle and their data were therefore not
included in the analysis. Again we did not observe any shift in
the circadian onset of VWRA in that mice in all groups initi-
ated VWRA at the beginning of the dark phase. Fig. 5B shows
i) total VWRA, ii) time on wheel, iii) peak VWRA, and iv) and
speed averaged across the 3-d. One-way ANOVA using treat-
ment group as the independent variable revealed a significant
group difference in time on wheel (F(3,34) D 5.599, p D .003),
total VWRA (F(3,34) D 3.606, p D .024), peak (F(3,34) D
2.985, p D .046) but no group difference in speed (F(3,34) D
.2.047, p D .128). Follow up post-hoc tests revealed no signifi-
cant difference between mice in the Sham and CA treatment
groups for any of the outcome variables. Similarly there were
no significant differences between mice in the Sham and DEX
treatment groups. In contrast, mice in the DEX C CA treat-
ment group spent less time on their running wheels (p D .021),

and when they did run they reached a lower peak speed
(p D .026), a lower average speed (p D .04), and as a result had
a lower total VWRA (p D .012) than mice treated with DEX
alone (Fig. 5B).

Figure 6 shows percentage change in body weight from base-
line (B) for each day of the 1st treatment cycle (D1 to D8). One-
way ANOVA with Bonferroni correction for multiple compari-
sons (p<.006) with treatment group as the independent vari-
able revealed a significant group difference in body weight
change on treatment D4 to D8 (p < .006). Compared to sham-
treated mice CA-treated mice showed a significant difference in
body weight only on D4 which corresponded to the day follow-
ing CA-injection (p<.001). On this day CA-treated mice lost
approximately 5% of their body weight. Mice in the DEX only
group did not show any significant changes in body weight
throughout the treatment cycle when compared to sham-
treated mice. In contrast, weight loss was significantly greater
for mice in the DEX C CA treatment group than for mice in
the DEX alone or CA alone treatment groups (p<.05). On D8
mean weight loss in DEX C CA mice was approximately 8%
compared to 2% in the DEX alone and CA alone groups respec-
tively. Fig. 6B shows food intake from baseline throughout the
8-d treatment cycle. One-way ANOVA with Bonferroni correc-
tion revealed a group difference in food intake only for D3
(F(3,38) D 6.285, p D .002). Follow up post hoc tests showed
that compared to shams, DEX-treated mice ate significantly
more on this day (p D .034), while there was no significant dif-
ference in food intake between sham and CA alone treated
mice (p D .321), DEX and DEX C CA mice (p D .551), or CA
and DEX C CA treated mice (p D .321).

Figure 4. i) total VWRA, ii) time on wheel, iii) peak VWRA, and iv) average speed (see methods section for further description of these variables) in Sham and CA-treated
mice (Top Panel) and DEX and DEXCCA treated mice (Bottom Panel). Each data point represents the mean § SEM of each value. Open arrows indicate the timing of CA
or NS i.p. injection. Group differences on each day of treatment were examined by one-way ANOVA with Bonferroni correction for multiple comparisons. Follow-up post
hoc tests (LSD) were performed to determine which groups differed (See results for details). Significant differences between Sham and CA-treated mice (Top panel) or
DEX and DEXCCA treated mice are indicated by a �.
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Figure 7 shows group differences in body weight and
composition two weeks after the 4th treatment cycle
(Fig. 5B). One-way ANOVA revealed a significant group
difference in body weight (F(3,34) D 13.196, p<.0001), fat
mass (FM) (F(3,34) D 8.676, p < .0001), and lean mass
(LM) (F(3,34) D 6.797, p D .001) and a trend towards a
significant group difference in bone mineral content (BMC)
(F(3,34) D 2.853, p D .053). Follow up post-hoc tests
revealed that mice injected with CA alone weighed signifi-
cantly less than sham-treated mice at the end of the treat-
ment regimen, which was related to reduced FM (p D
.002), LM (p D .014), and BMC (p D .012). Compared to
the DEX alone group mice in the DEX C CA group had
reduced body weight (p < .0001), LM (p D .001), and FM
(p D .002) compared to mice in the DEX only group but
no statistically significant difference in BMC. Comparing
CA and CA C DEX treated mice we observed a significant
difference in body weight (p D .019) and LM (p D .036).
These significant group differences remained after control-
ling for group differences in average daily VWRA and food
intake throughout the experiment (statistics not shown).
DEX treatment alone did not significantly affect body
weight, LM, or FM. There was, however, a trend towards a
significant decline in BMC in DEX treated mice compared
to Sham-treated mice (p D .055).

Discussion

Here we demonstrate the impact that dexamethasone alone or
in combination with cytotoxic chemotherapy has on chemo-
therapy-induced fatigue/lethargy and other CTRS in tumor free

mice. Consistent with our previous work we found that cyto-
toxic chemotherapy (CA) increased circulating levels of inflam-
matory markers. The dexamethasone regimen used in the
present study, chosen to reflect a similar regimen used clinically
for the management of CINV, did not completely block the
acute CA-induced inflammatory response but reduced it by
approximately 2-fold. In our recent study using mice lacking
both IL-1 and TNF-receptors, we found that complete blockade
of the chemotherapy-induced inflammatory response impairs
survival.17 In the present study we did not observe a significant
difference in survival between the CA and CA C DEX treat-
ment groups, which suggest that the dexamethasone regimen
used in the present study did not appear to impair recovery
from cytotoxic injury.

Breast cancer chemotherapy regimens in the past included
5-fluorouracil (5-FU), a pyrimidine analogue that was fre-
quently combined with CA (CAF). We used CAF in prior stud-
ies to examine patterns of lethargy in tumor free mice
throughout multiple drug doses thereby mirroring the clinical
scenario. We found that CAF caused a rapid increase in leth-
argy following each of the first three CAF doses which gradu-
ally resolved over several days post-treatment. After the fourth
CAF dose however, fatigue became persistent and several weeks
post-CAF remained significantly higher than in sham-treated
control mice. In the present study we excluded 5-FU from the
drug regimen because CAF is no longer a commonly used treat-
ment regimen for early stage breast cancer. Compared to CAF-
treatment, where mice displayed reduced VWRA for several
days post-injection, CA only caused a transient decline in
VWRA during the active period immediately following injec-
tion. Moreover, while repeated rounds of CAF caused a

Figure 5. (A) Number of wheel turns per hour in the dark and light phase during a 3-d period two- weeks after the 4th treatment cycle in sham and CA treated mice (Top
Panel) and DEX and DEX C CA treated mice (Bottom panel). Each data point represents the mean § SEM. (B) i) total VWRA, ii) time on wheel, iii) peak VWRA, and iv)
speed averaged across the 3-d. Each bar represents the mean § SEM of each value. Group differences were examined by one-way ANOVA. Significant group differences
are indicated by p-values.
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persistent decline in VWRA, this did not occur in mice treated
with CA without 5-FU. Based on earlier studies in which short
term dexamethasone decreased endotoxin-induced inflamma-
tory signaling in rodents and attenuated endotoxin-induced
sickness behavior,46,47 we reasoned that DEX would similarly
attenuate CA-mediated fatigue. Indeed, the acute drop in
VWRA immediately following CA-injection was absent in CA
C DEX treated mice. However, DEX treatment alone had a
suppressive effect on VWRA. Several prior studies have shown
that dexamethasone has a suppressive effect on locomotor
activity in rodents.48,49,50 In the majority of studies movement
around the home cage or in an open field apparatus was used
as a measure of locomotor activity rather than VWRA. In addi-
tion to general locomotor supression, chronic DEX exposure
increases immobility time in the Forced Swim and Tail Suspen-
sion tests and decreases consumption of sucrose solution all of
which model depressive behavior in mice.49 These DEX driven
behavioral effects have been shown to result from the impaired
synthesis of brain derived neurotropic factor (BDNF), a neuro-
trophic signaling molecule that plays a central role in neuro-
genesis.51 The hippocampus, the brain region responsible for
coordinating learning, memory, and emotion is one of the few
brain regions to undergo neurogenesis into adulthood.52

Rodent studies suggest that by reducing BDNF synthesis, DEX
impairs hippocampal neurogenesis leading to behavioral

suppression.53,54 There is growing appreciation that the antide-
pressant effects of selective serotonin reuptake inhibitor (SSRI)
antidepressants are due in part to their ability to increase
BDNF levels.55 Using the SSRI fluvoxamine, Terada and col-
leagues were able to prevent the DEX-mediated decrease in
open field locomotor activity and immobility in the forced
swim test and this effect was associated with an increase in
BDNF function.48 Given the impact that DEX exposure has on
locomotor activity it is unclear why persistent fatigue observed
in DEX C CA mice was not observed in mice injected with
DEX alone. Decreased VWRA in the DEX C CA treatment
group was not due to increased morbidity in the remaining
mice in this group in that all of the surviving mice in the DEX
C CA treatment group survived for several months after the
last treatment cycle (data not shown).

The impact of CA and DEX on body weight and composi-
tion may explain the persistent decline in VWRA in mice
injected with both CA and DEX since DEX combined with
CA appeared to exacerbate weight loss. We found that CA
also caused an acute drop in body weight which did not occur
in CA-treated mice that were also treated with DEX. Body
weight continued to decline in DEX C CA treated mice dur-
ing the days post-CA injection whereas in CA-treated mice it
returned towards baseline. Taken together, we cannot con-
clude that DEX, by dampening CA-induced inflammation,

Figure 6. (A) Percent change in body weight and daily food intake from the day before treatment (B) and each treatment day (D1 to D8) of the 1st cycle in sham and CA-
treated mice (Top panel) and DEX and DEXCCA treated mice (Bottom Panel). Open arrows indicate the timing of CA or NS i.p. injection. Each data point represents the
mean § SEM of each value. Group differences on each day of treatment were examined by one-way ANOVA with Bonferroni correction for multiple comparisons. Follow-
up post hoc tests (LSD) were performed to determine which groups differed. Significant differences between Sham and CA-treated mice (Top panel) or DEX and DEXCCA
treated mice are indicated by a �.
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blunted the acute CA-induced decline in VWRA and weight
loss. In prior experiments using CA combined with 5-fluoro-
uracil (CAF) we found that mice injected with multiple cycles
of CAF developed persistent weight loss in that their body
weight failed to return to baseline three weeks after a fourth
CAF injection.17 Persistent weight loss in these mice was
associated with the loss of fat, lean, and bone-mass in
CAF-treated mice. In the present study we found that CA
injected without 5-fluorouracil also caused a reduction in
lean-, fat-, and bone-mass. Chemotherapy-induced inflam-
matory signaling has been implicated in skeletal muscle atro-
phy.14 By activating the HPA axis, inflammatory cytokines
like IL-6 increase production of endogenous glucocorticoids:
cortisol in humans and corticosterone in mice. Braun and
colleagues showed that CAF administration increased circu-
lating levels of corticosterone and caused a significant loss of
skeletal muscle mass in mice.14 The effect of CAF on skeletal
muscle mass was blocked in mice lacking a functional gluco-
corticoid receptor in skeletal muscle, which suggests that
CAF-induced skeletal muscle atrophy is mediated by cortico-
sterone. Similarly mice lacking IL-6, a potent activator of the
HPA axis, are protected from CAF-induced loss of lean body
mass.56 Given the impact of glucocorticoids on skeletal mus-
cle atrophy, it is not surprising that mice in the CA C DEX
group had the lowest body weight and LM of all the other
treatment groups. Nonetheless, body weight and composition
was not significantly different between DEX-treated mice ver-
sus shams.

Because dexamethasone is incorporated into chemotherapy
regimens as standard clinical care to prevent CINV, no one had
previously investigated the effect of fatigue/lethargy on patients
undergoing active cytotoxic chemotherapy treatment. Our cur-
rent pre-clinical data demonstrated that, despite its ability to
suppress circulating levels of inflammatory cytokines, dexa-
methasone when applied in combination with CA reduced
body weight and LM compared to CA alone and exacerbated
fatigue/lethargy during the course of treatment.
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