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Abstract
Doxorubicin (DOX) is a potent anti-tumor agent. DOX can also induce cardiotoxicity, and high
cumulative doses are associated with recalcitrant heart failure. Children are particularly sensitive to
DOX-induced heart failure. The ability to genetically modify mice makes them an ideal experimental
system to study the molecular basis of DOX-induced cardiotoxicity. However, most mouse DOX
studies rely on acute drug administration in adult animals, which typically are analyzed within one
week. Here we describe a juvenile mouse model of chronic DOX-induced cardiac dysfunction. DOX
treatment was initiated at 2 weeks of age and continued for a period of 5 weeks (25 mg/kg cumulative
dose). This resulted in a decline in cardiac systolic function, which was accompanied by marked
atrophy of the heart, low levels of cardiomyocyte apoptosis, and decreased growth velocity. Other
animals were allowed to recover for 13 weeks following the final DOX injection. Cardiac systolic
function improved during this recovery period but remained depressed as compared to the saline
injected controls, despite the reversal of cardiac atrophy. Interestingly, increased levels of
cardiomyocyte apoptosis and concomitant myocardial fibrosis were observed following DOX
withdrawal. These data suggest that different mechanisms contribute to cardiac dysfunction during
the treatment and recovery phases.
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Etiologies of childhood cardiomyopathy are diverse, however, one of the most common is
chemotherapy, such as anthracycline-induced cardiotoxicity (1). The anthracyclines, primarily
doxorubicin (DOX) but also daunomycin, epirubicin and idarubicin, are among the most widely
used and successful chemotherapeutics for childhood cancers. About half of the young adult
survivors of childhood cancer have received anthracyclines at some point in their treatment.
Unfortunately, these drugs are also cardiotoxic. The acute responses to anthracyclines include
hypotension, tachycardia, arrhythmia and transient depression of left ventricular function (2–
4). Higher cumulative doses are associated with late-onset cardiomyopathy that is refractory
to standard treatment and thus limits the total amount of DOX, which may be administered
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(5,6). Children and adolescents are particularly susceptible to the cardiotoxic effects of
anthracycline chemotherapy, and a significant portion of children treated with DOX develop
cardiomyopathy a year or more after cessation of chemotherapy (5,7–9).

Although the precise mechanism underlying DOX-induced cardiotoxicity is uncertain (10,
11), most studies indicate that free radical-induced oxidative stress plays a central role.
Anthracyclines undergo one electron reduction by complex I in mitochondria (12) and in the
process generate superoxide and hydroxyl radical (13). Reactive oxygen species-induced
mitochondrial damage is thought to contribute to DOX-induced cardiotoxicity (14). DOX is
also known to promote DNA damage and inhibit DNA and protein synthesis (15–17), promote
myofiber degeneration (18), inhibit expression of cardiomyocyte specific genes (19), and
induce cardiomyocyte apoptosis via a caspase 3-dependent mechanism (20–23). Thus, DOX-
induced cardiotoxicity is complex and multifaceted.

Animal models have been widely utilized to study the molecular basis underlying DOX
cardiotoxicity, and to develop strategies aimed at evoking therapeutic cardioprotection (24).
Given the ease of generating specific gain- and loss-of-function genetic models, mice are
particularly useful for DOX cardiotoxicity studies. Since children can be expected to survive
for decades after being cured of their malignancy, albeit with a propensity for subsequently
developing heart failure, an important component of any animal model should be persistent
cardiac dysfunction after anthracycline withdrawal. Here we describe a DOX-induced
cardiotoxicity model using juvenile mice. DOX administration for 5 weeks resulted in a decline
in cardiac systolic function, which was accompanied by a marked atrophy of the cardiac muscle,
low levels of cardiomyocyte apoptosis, and myofiber disarray. Reversal of cardiac atrophy and
normalization of myofiber organization were observed after a 13-week recovery period.
Despite this, cardiac systolic function remained suppressed and was accompanied by an
increased level of cardiomyocyte apoptosis and concomitant myocardial fibrosis. The
implications and potential utility of this model are discussed.

Methods
DOX treatment

Juvenile DBA/2J mice received a total of 25 mg/kg of DOX (5 intra-peritoneal injections of 5
mg/kg in saline, given at 7-day intervals beginning at 14 days of age, Sigma, St. Louis, MO;
control mice received saline injections). To avoid local tissue damage, a different region of the
peritoneal cavity was injected at each time point, and no overt inflammation/tissue damage
was apparent. One cohort of mice was sacrificed 1 week after the final DOX injection to study
acute cardiotoxicity (treatment phase). A second cohort was sacrificed 13 weeks after the final
DOX injection to study the chronic effects of the drug (recovery phase). Mortality with this
protocol was 10%. All animal protocols were approved by the Indiana University School of
Medicine Institutional Animal Care and Use Committee.

Echocardiography
Transthoracic echocardiography was performed immediately before each DOX injection
during the treatment phase, and then monthly during the recovery phase, as previously
described (25). Mice were lightly anesthetized with 1.5% isofluorane until the heart rate
stabilized at 400 to 500 beats per minute. Two-dimensional short-axis images were obtained
using a high resolution Micro-Ultrasound system (Vevo 770, VisualSonics Inc., Toronto,
Canada, 40-MHz probe). Left ventricular internal diameter during diastole (LVIDD), left
ventricular internal diameter during systole (LVIDS), and fractional shortening (FS) were
calculated using the Vevo Analysis software (version 2.2.3) as described (25).
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Tissue and Serum Analyses
Tissues were harvested and processed for cryo or paraffin sectioning using standard techniques
(26). Hematoxylin and Eosin staining was performed according to the manufacturer's protocols
(Sigma Diagnostics, St. Louis, MO). Minimal cardiomyocyte fiber diameter was calculated as
described (27). At least 400 randomly selected cardiomyocytes from each animal were
analyzed. Cardiac alpha-actinin (antibody EA-53, Sigma Diagnostics, St. Louis, MO) immune
reactivity was performed on permeiabilized, post-fixed sections (rhodamine conjugated
secondary antibody). Activated caspase-3 immune reactivity (antibody #G7481, Promega,
Madison, WI) was performed on post-fixed sections (horseradish peroxidase-conjugated
secondary antibody, diaminobenzidine reaction) as described previously (28). Four transverse
sections from each heart, sampled from the midpoint between the apex and base, were analyzed.
TUNEL analyses were performed on adjacent sections using the ApopTag Apoptosis Detection
kit according to the manufacturer's procedures (Chemicon International, Billerica, MA). Sirius
red-Fast green staining was performed and quantitated on sections post-fixed in Bouin's
solution as described previously (29,30). Hematocrit and hematologic analyses were performed
using standard analyses. Serum Troponin I levels were determined using a commercial ELISA
kit (Life Diagnostics, Inc., West Chester, PA).

Western blot analyses
Protein was isolated in NP40 buffer and subjected to Western analysis as previously described
(31,32). Antibodies used recognized myosin heavy chain (H-300, #SC-20641, Santa Cruz
Biotechnologies, Santa Cruz, CA), phosphorylated GSK3β (#9331, Cell Signaling
Technology, Danvers, MA), total GSK3b, (#9315,Cell Signaling Technology), phosphorylated
Akt (#9271, Cell Signaling Technology) and total Akt (#9272, Cell Signaling Technology).
Signal was visualized by the ECL method according to the manufacturer's protocol
(Amersham).

Statistic analysis
All values are presented as mean ± SEM. Statistical significance (p<0.01) was determined by
Student's t-test (for groups of two), or by one-way ANOVA with Bonferroni adjustment (for
groups of three or more).

Results
Juvenile DBA/2J mice received weekly injections of saline or DOX, beginning at 2 weeks of
age and continuing for a period of 5 weeks. Echocardiography was used to measure fractional
shortening (FS) of the short axis of the left ventricle. Base line FS was similar before the
initiation of saline or DOX treatment (Figure 1A, Table 1). Cardiac function in the saline-
injected mice remained constant over the 5-week treatment phase with an FS of approximately
60%. In contrast, FS was suppressed 1 week following the first DOX-injection, and remained
suppressed with a value of approximately 45% at the end of the treatment phase (Figure 1A,
Table 1). These animals were sacrificed for cell and molecular analyses (see below).
Importantly, DOX-treatment had the anticipated impact on hematologic parameters, and serum
cardiac Troponin I ELISA analyses indicated the presence of myocardial damage (Table 2).

A second group of mice subjected to the same regimen of saline or DOX injection was allowed
to recover for 13 weeks. DOX treatment resulted in a similar decrease in cardiac function (not
shown). Cardiac function remained suppressed in the DOX-injected animals throughout the
entire recovery phase as compared to the saline-injected controls (Figure 1A). Decreased left
ventricular contraction was apparent in representative echocardiograms from DOX-injected
mice at the end of the treatment and recovery phases, as compared to the saline-injected controls
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(Figure 1B). Of interest, mechanical alternans were occasionally observed in the DOX-injected
group.

Growth velocity was markedly lower in the DOX-injected animals during the treatment phase
as compared to the saline-injected mice. Although growth velocity was similar in the two
groups during the recovery phase, absolute body weight was less in the DOX treated animals
due to growth inhibition during the treatment phase (Figure 2A). A reduction in heart weight
was noted at the end of the treatment phase in DOX-injected animals as compared to saline-
injected control animals. However, by the end of the recovery phase heart weight in DOX-
injected mice was largely restored, approaching values observed in control animals (Figure
2B). A similar result was obtained when heart weight was normalized to tibia length (Figure
2C).

Hearts harvested at the end of the treatment and recovery phases were processed for
histochemical analysis. Survey micrographs from Hematoxylin and Eosin (H&E) stained
sections suggested a reduction in left ventricular wall thickness in DOX-injected animals at
the end of the treatment phase, which appeared to return to normal by the end of the recovery
period (Figure 2D). Quantitative morphometric analyses were performed to validate these gross
observations. Previous studies have shown that minimal fiber diameter (MFD) measurements
can be used as an index for cardiomyocyte hypertrophy or atrophy in histology sections (33).
A reduction in cardiomyocyte MFD was observed at the end of the treatment phase in hearts
from DOX-injected mice (Figure 2E). This suggests that the DOX-induced decrease in heart
weight resulted at least in part from cardiomyocyte atrophy. Interestingly, cardiomyocyte MFD
in hearts from DOX-injected mice returned to control values during the recovery phase.

Anti-cardiac alpha-actinin immune reactivity was monitored to ascertain the impact of DOX
on myofiber structure (Figure 3A). Well organized sarcomeric structure was apparent in hearts
from saline-injected animals during the treatment and recovery phases. In contrast, myofiber
structure was disrupted in hearts from DOX-injected animals during the treatment phase, as
evidenced by the widespread reduction of sarcomeric staining. Sarcomeric structure was
reorganized by the end of the recovery phase in hearts from DOX-injected animals.

Anti-activated caspase 3 immune histology was used to quantitate cardiomyocyte apoptosis in
hearts from saline- and DOX-injected mice. Since activated caspase 3 is distributed in the
cytoplasm, cardiomyocytes at early stages of apoptosis were easily identified by the presence
of immune reactivity in rod-shaped cells (28). Figure 4A shows a representative image of an
activated caspase 3 immune reactive cardiomyocyte from a DOX-treated heart. An
approximately 5-fold increase in the number of activated caspase 3 immune reactive
cardiomyocytes per mm2 myocardium was observed in DOX-injected mice at the end of the
treatment phase as compared to saline-injected controls (Figure 4B). Interestingly, the level of
cardiomyocyte apoptosis was higher in the DOX treated animals at the end of the recovery
phase (i.e., 13 weeks after the last drug injection, see Figure 4B). A similar increase in the
number of apoptotic cells was obtained using TUNEL staining as an index for apoptosis, with
a 4.5 +/−0.3-fold increase in DOX-injected mice at the end of the treatment phase (n=5), and
a 19.5 +/- 2.5-fold increase at the end of the recovery phase (n=6), as compared to the respective
saline-injected controls (n=7).

Sirius red-Fast green-staining was performed to monitor the level of myocardial collagen
deposition, which is indicative of fibrosis. Representative images shown in Figure 5A indicate
that collagen deposition (red signal) was minimal at the end of the treatment phase in hearts
from DOX-injected mice, but become prevalent at the end of the recovery phase. Quantitative
image analyses confirmed this observation, consistent with the presence of DOX-induced
myocardial fibrosis (Figure 5B). Finally, Western blot analyses were performed to monitor the
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expression and/or activity of several myocardial proteins, which are known to be modulated
by DOX (Figure 6). Lower levels of myosin heavy chain (MHC), phosphorylated glycogen
synthase kinase (GSK)3β, and phosphorylated Akt were apparent in hearts from DOX-injected
animals at the end of the treatment phase, as compared to the saline-injected controls. DOX
treatment had no effect on total GSK3β or Akt levels. At the end of the recovery phase,
expression of these proteins in hearts from DOX-injected mice returned those seen in the saline-
injected animals.

Discussion
The results presented here demonstrate that treatment of juvenile mice with DOX resulted in
cardiotoxicity manifested by decreased cardiac systolic function, as well as heart and
cardiomyocyte atrophy, myofiber disarray, low levels of cardiomyocyte apoptosis, and altered
expression of structural and regulatory proteins. Cardiac systolic dysfunction persisted for as
long as 13 weeks after the termination of DOX treatment (the latest time-point analyzed) despite
the normalization of organ mass, cell mass, myofiber structure and protein expression. Cardiac
dysfunction in the recovery phase was accompanied by increased levels of cardiomyocyte
apoptosis and myocardial fibrosis.

In the vast majority of mouse DOX cardiotoxicity studies, animals typically received a single
injection of drug and were analyzed within 1 week. None utilized juvenile mice. Nonetheless,
several published studies share methodological aspects with the current work, and as such
provide an interesting comparison. For example, adult mice receiving cumulative DOX doses
of 15 mg/kg (34,35) to 24 mg/kg (36) and analyzed at 2 (34), 4 (36) or 8 (35) weeks after the
last drug injection all exhibited sustained depression of cardiac function. Somewhat
surprisingly, the two studies using a 15 mg/kg cumulative DOX dose differed markedly with
respect to the level of cardiomyocyte apoptosis, with no apoptosis detected at 2 weeks post
drug delivery in one study (34) and consistently elevated levels of apoptosis at 0, 2, 4 and 8
weeks after the last drug injection in the other study (35). In contrast, the levels of
cardiomyocyte apoptosis observed in our study were more dynamic. Difficulties encountered
when identifying cardiomyocyte nuclei in histology sections (37) may explain the discrepant
levels of apoptosis reported in the previous studies, as the TUNEL and ISEL analyses employed
label both cardiomyocyte and non-myocyte nuclei. The use of activated caspase 3 immune
reactivity in the current study (which permitted cardiomyocyte identification via morphologic
criteria) circumvented this problem.

Although it is well known that acute DOX cardiotoxicity is associated with myofiber disarray
and cardiomyocyte shrinkage (38), the marked reduction in heart weight and cardiomyocyte
size observed at the end of the treatment period was somewhat unexpected. Several recent
studies observed a similar impact on heart weight and/or cardiomyocyte minimal fiber diameter
(39–42) following a single injection of DOX (15 mg/kg) in adult mice. Myofiber disarray was
also apparent in adult mice receiving a single or multiple injections of DOX (12–15 mg/kg
cumulative dose) for as long as 2 weeks after drug delivery (39,41,43). Myofiber disarray
appears to result at least in part from calpain-induced degradation of titin (18). Similar to our
results, Yoda and colleagues observed reversal of myofiber disarray 56 days after a single
injection of DOX at 14 mg/kg (44).

Several studies have described DOX-induced changes in protein expression similar to that
observed in the current study (19,38,45,46). This occurs at least in part via phospho-regulation
of both ubiquitous and cardiac-restricted transcriptional co-factors (47,48). In addition, recent
studies using a reporter transgene, which targets cardiac-restricted expression of enhanced
green fluorescent protein engineered to carry ubiquination signal sequence demonstrated that
DOX treatment results in a marked induction of 26-proteosome activity (49). Collectively,
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these transcriptional and proteolytic processes likely contribute to the cardiomyocyte atrophy
and myofiber disarray observed during the treatment phase of the current study.

Different mechanisms may contribute to the cardiac systolic dysfunction observed in the
treatment versus recovery phases in the model presented here. Cardiomyocyte atrophy, loss of
myofiber sarcomeric structure, and altered protein expression are likely major contributors to
cardiac dysfunction during the DOX treatment phase. Given the relatively low levels of
cardiomyocyte apoptosis and the absence of reactive fibrosis, these processes may have little
or no impact on cardiac function during the treatment phase of the model. Although the
decreased growth velocity and cardiac systolic function observed in the DOX-treated animals,
as well as the absence of overt histopathology in the kidney and gut (not shown), is consistent
with the presence of heart failure, the lack of standardized definition for heart failure in mice
makes it somewhat tenuous to apply this designation. Unfortunately, many of the ancillary
analyses, which would assist in diagnosing heart failure, cannot be performed on mice at the
ages studied during the treatment phase.

In contrast, the DOX-induced changes in cardiomyocyte size, myofiber organization and
protein expression returned to control values during the recovery phase, and thus are likely not
to have contributed to the sustained cardiac dysfunction. Rather, a marked increase in
cardiomyocyte apoptosis and concomitant induction myocardial fibrosis was observed.
Increased extracellular matrix content contributes to diastolic stiffness, and ultimately
promotes ventricular dysfunction (50). Thus, apoptosis-induced fibrosis may be a major
contributor to the depressed cardiac function observed during the recovery phase in this model.

Although a similar mechanism may underlie the appearance of heart failure in children
previously treated with DOX, it is important to acknowledge the limitations of the current
study. Notably, a decrease in left ventricular wall thickness is observed in the long-term
survivors of anthracycline therapy in childhood. In contrast, wall thickness appeared to have
normalized during the recovery phase in the mouse model. However, given the presence of
sustained cardiomyocyte apoptosis and concomitant myocardial fibrosis at the end of the
recovery phase, wall thinning and frank heart failure may very well occur at later time points.
Another potential concern is that the limited blood volume in mice precluded clinical chemistry
analysis, which would have been helpful to determine the extent to which non-cardiac tissue
damage may have contributed to myocardial dysfunction. However, this caveat could be
unequivocally addressed by experiments employing mice harboring cardiac-restricted,
cardioprotective genetic modifications.

In light of the multifaceted nature of DOX-induced cardiotoxicity (see Introduction), other
mechanisms are also likely to contribute to the phenotypes observed during the treatment and
recovery phases. Nonetheless, if the interpretation of our data is correct, studies examining
cardioprotective interventions in models utilizing a single injection of DOX followed by a short
recovery period might benefit from re-evaluation. In particular, reassessment of therapeutics
aimed at inducing cardioprotection by blocking apoptosis during acute DOX cardiotoxicity is
likely to be warranted (11). Evaluation of genetically modified mice using the DOX-induced
model described here could help address this important issue.
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Abbreviations

DOX Doxorubicin

FS fractional shortening
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Figure 1.
Cardiac function in saline- and DOX-injected juvenile mice. (A) Fractional Shortening (FS
[%]) in saline-injected (diamonds) and DOX-injected (squares) mice during the treatment and
recovery phases. X-axis indicates the age of the mice at analysis; vertical arrows indicate the
age of injection. '*' indicates p<0.01 for DOX-injected vs. saline-injected mice. (B)
Representative short axis echocardiograms from saline- and DOX injected mice at the end of
the treatment and recovery phases.
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Figure 2.
Growth parameters and histochemical analysis of saline- and DOX-injected juvenile mice. (A)
Growth velocity (GV [g/wk]) during the treatment and recovery phases. (B) Heart weight in
milligrams (HW [mg]) at the end of the treatment and recovery phases. (C) Heart weight / tibia
length (HW/TL) measurements at the end of the treatment and recovery phases. (D)
Representative survey and high power micrographs of heart sections from mice at the end of
the treatment and recovery phases. Note the thin left ventricular wall in the heart from the
DOX-injected mouse at the end of the treatment phase. Magnification bar in the survey
micrographs = 2 mm; magnification bar in the high power micrographs = 20 microns. (E)
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Cardiomyocyte minimal fiber diameter (MFD) measurements at the end of the treatment and
recovery phases. For all panels, '*' indicates p<0.01 for DOX-injected vs. saline-injected mice.
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Figure 3.
Myocardial alterations induced by DOX treatment. Cardiac alpha-actinin immune reactivity
in hearts from saline- and DOX-injected mice during the treatment and recovery phases
(rhodamine-conjugated secondary antibody, red signal). Magnification bar = 50 microns.
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Figure 4.
Cardiomyocyte activated caspase 3 immune reactivity in saline- and DOX-injected juvenile
mice. (A) Representative image of an anti-activated caspase 3 immune-reactive cardiomyocyte
from a DOX-injected heart harvested at the end of the treatment phase. Magnification bar =
20 microns. (B) Number of activated caspase 3 immune-reactive cardiomyocytes (CSP+) per
mm2 at the end of the treatment and recovery phases. '*' indicates p<0.01 for DOX-injected
vs. saline-injected mice.
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Figure 5.
Myocardial fibrosis in saline- and DOX-injected juvenile mice. (A) Representative images of
Sirius red-Fast green stained sections from hearts harvested at the end of the treatment and
recovery phases. Red signal indicates collagen deposition. Magnification bar = 40 microns.
(B) Collagen (COL) content at the end of the treatment and recovery phases. '*' indicates p<0.01
for DOX-injected vs. saline-injected mice.
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Figure 6.
Western blot analysis of protein expression in hearts from saline- and DOX-injected mice
during the treatment and recovery phases. Equal protein loading between samples was
confirmed by Napthol blue staining of the membrane before hybridization (not shown).

Zhu et al. Page 16

Pediatr Res. Author manuscript; available in PMC 2010 January 5.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zhu et al. Page 17

Ta
bl

e 
1

C
ar

di
ac

 fu
nc

tio
n 

in
 sa

lin
e-

 a
nd

 D
O

X
-in

je
ct

ed
 ju

ve
ni

le
 m

ic
e 

(M
ea

n 
± 

SE
M

).

A
ge

 (w
ee

ks
)

2
3

4
5

6
7

11
15

19

Sa
lin

e
n=

10
n=

11

H
R

 (b
pm

)
45

1 
±9

45
2 

±1
2

45
8±

10
49

4±
14

47
9±

12
47

3±
11

48
0±

13
47

0±
8

46
8±

13

LV
ID

D
 (m

m
)

2.
2±

0.
1

2.
4±

0.
1

2.
6±

0.
1

2.
6±

0.
1

2.
6±

0.
1

2.
7±

0.
10

2.
7±

0.
1

2.
8±

0.
2

2.
9±

0.
3

LV
ID

S 
(m

m
)

0.
9±

0.
0

1.
0±

0.
1

1.
0±

0.
0

1.
0±

0.
0

1.
1 

±0
.0

1.
1 

±0
.0

1.
1 

±0
.0

1.
1 

±0
.0

1.
2±

0.
1

FS
 (%

)
60

±0
.7

60
±0

.7
61

 ±
0.

9
62

±1
.2

59
±0

.9
59

±0
.7

58
±1

.9
60

±1
.2

59
±2

.6

D
O

X
n=

11
n=

17

H
R

 (b
pm

)
42

6±
8

44
5±

14
42

6±
14

45
4±

11
44

4±
7

46
9±

13
45

2±
15

47
6±

13
47

8±
11

LV
ID

D
 (m

m
)

2.
2±

0.
1

2.
6±

0.
1

2.
6±

0.
1

2.
8±

0.
1

2.
6±

0.
1

2.
8±

0.
1

2.
7±

0.
1

2.
9±

0.
1

2.
9±

0.
1

LV
ID

S 
(m

m
)

0.
9±

0.
0

1.
2±

0.
0*

1.
4±

0.
1*

1.
5±

0.
1*

1.
4±

0.
0*

1.
5±

0.
1*

1.
4±

0.
1*

1.
4±

0.
1*

1.
4±

0.
1

FS
 (%

)
59

±0
.7

52
±0

.9
*

48
±1

.1
*

47
±1

.5
*

45
±1

.3
*

45
±1

.3
*

47
±2

.2
*

51
±1

.2
*

51
±1

.8
*

* p<
0.

05
 v

s. 
Sa

lin
e-

tre
at

ed
 m

ic
e

Pediatr Res. Author manuscript; available in PMC 2010 January 5.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zhu et al. Page 18

Ta
bl

e 
2

B
lo

od
 c

el
l c

ou
nt

s a
nd

 c
Tn

I c
on

ce
nt

ra
tio

n 
m

ea
su

re
m

en
ts

 (M
ea

n 
± 

SE
M

).

L
eu

ko
cy

te
s

W
B

C
 (K

/u
L

)
N

E
 (K

/u
L

)
L

Y
 (K

/u
L

)
M

O
 (K

/u
L

)
E

O
 (K

/u
L

)
B

A
 (K

/u
L

)

Sa
lin

e 
(n

=1
2)

12
.7

1±
1.

27
4.

08
±0

.4
8

7.
23

±0
.7

9
0.

59
±0

.1
0

0.
65

±0
.2

4
0.

16
±0

.0
5

D
O

X
 (n

=1
6)

6.
92

±0
.9

6*
4.

13
±0

.7
2

2.
04

±0
.2

1*
0.

41
 ±

0.
10

0.
27

±0
.0

9
0.

08
±0

.0
3

E
ry

th
ro

cy
te

s
R

B
C

 (M
/u

L
)

H
B

 (g
/d

L
)

H
C

T
 (%

)
M

C
V

 (f
L

)
M

C
H

 (p
g)

M
C

H
C

 (g
/d

L
)

R
D

W
 (%

)

Sa
lin

e 
(n

=1
2)

10
.0

8±
0.

26
13

.5
1±

0.
33

51
.9

6±
1.

25
51

.6
2±

0.
57

13
.4

2±
0.

11
26

.0
2±

0.
29

22
.5

7±
0.

28

D
O

X
 (n

=1
6)

7.
30

±0
.6

5*
9.

79
±0

.9
2*

39
.4

5±
3.

61
*

53
.5

4±
0.

68
*

13
.2

2±
0.

24
24

.6
6±

0.
24

*
24

.6
2±

0.
56

*

cT
nI

ng
/m

L

Sa
lin

e 
(n

=1
2)

0.
31

±0
.2

0

D
O

X
 (n

=1
6)

4.
56

±1
.1

9*

W
B

C
, w

hi
te

 b
lo

od
 c

el
ls

; N
E,

 n
eu

tro
ph

ils
; L

Y
, l

ym
ph

oc
yt

es
; M

O
, m

on
oc

yt
es

; E
O

, e
os

in
io

hi
ls

; B
A

, b
as

op
hi

ls
; K

/u
L,

 1
00

0 
ce

lls
 p

er
 m

ic
ro

lit
er

; R
B

C
, r

ed
 b

lo
od

 c
el

ls
; H

B
, h

em
og

lo
bi

n;
 H

C
T,

 h
em

at
oc

rit
; M

C
V

,
m

ea
n 

co
rp

us
cu

la
r v

ol
um

e;
 M

C
H

, m
ea

n 
co

rp
us

cu
la

r h
em

ag
lo

bi
n;

 M
C

H
C

, m
ea

n 
co

rp
us

cu
la

r h
em

og
lo

bi
n 

co
nt

en
t; 

R
D

W
, r

ed
 b

lo
od

 c
el

l d
is

tri
bu

tio
n 

w
id

th
.

* p<
0.

05
 v

s. 
Sa

lin
e-

tre
at

ed
 m

ic
e.

Pediatr Res. Author manuscript; available in PMC 2010 January 5.


