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Abstract

Introduction—Intrauterine growth-restriction (IUGR) alters fetal development and is associated 

with neurodevelopmental abnormalities. We hypothesized that growth-restriction from reduced 

intrauterine perfusion would predispose neonatal rats to subsequent inflammatory brain injury.

Methods—In the current study, IUGR was achieved by induced placental insufficiency in 

pregnant rats at 14 days of gestation. IUGR offspring and sham-operated control pups were 

subsequently injected with intracerebral lipopolysaccharide (LPS) as a model of PVL 

(perventricular leukomalacia).

Results—LPS similarly elevates proinflammatory cytokines in the brains of both IUGR and 

control rat pups. However, the chemokines cytokine-induced neutrophil chemoattractant-1 

(CINC-1) and macrophage chemoattractant protein-1 (MCP-1), as well as microglia activation, 

were significantly higher in LPS-treated IUGR rat pups compared to LPS-treated controls. In 

addition to the unique brain inflammatory response, IUGR rat pups demonstrated enhanced brain 

damage with an increased number of apoptotic cells, larger lateral ventricular size, and more 

severe impairment of myelination.

Discussion—This study provides evidence that placental insufficiency may sensitize the innate 

immune system in the immature brain, and reveals a possible link between brain inflammation and 

injury.

Introduction

Intrauterine growth-restriction is failure of the fetus to achieve intrinsic growth potential 

leading to increased morbidity and mortality (1). A disorder of the feto-placental-maternal 

unit is the major etiology of compromised intrauterine growth in developed societies (2). In 
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asymmetric growth restriction, fetal blood flow is redistributed to the brain resulting in an 

increase in brain mass relative to an overall reduction in body weight (3). There exists an 

apparent physical protection of the brain; however, in clinical practice IUGR infants 

demonstrate an increased risk for neurodevelopmental abnormalities including intracranial 

injury, cerebral palsy, psychologic disorders, cognitive defects and behavior problems (4,5). 

Chronic in utero stress and hypoxia associated with reduced intrauterine perfusion results in 

adaptive responses that can provide enhanced protection or an increased vulnerability to 

future sublethal insults (6,7). It remains to be elucidated if the brains of IUGR newborns are 

preconditioned and subsequently more tolerant to severe insults experienced in the perintal 

period, or sensitized and therefore more vulnerable (8). In our established model, 

intracerebral injection of lipopolysaccharaide (LPS) causes an inflammatory response in rat 

brain similar to the pathology seen in periventricular leukomalacia (PVL) (9-11). Clinically, 

hypoxia-ischemia and infection/inflammation often co-exist and interact with each other. 

Therefore, we hypothesize that chronic in utero stress from reduced intrauterine perfusion 

sensitizes the immature rat brain to subsequent inflammatory stress. We demonstrate an 

exacerbated inflammatory response to LPS in the growth-restricted rat brain that is 

associated with significantly enhanced brain injury relative to appropriately grown rat pups.

Methods

1. Chemicals

LPS (055:B5) was obtained from Sigma Chemical Co (St. Louis, MO). Antibodies for 

myelin basic protein (MBP), glial fibrillary acidic protein (GFAP) and ED1, and the 

TUNEL kit were from Millipore (Temecula, CA); The interleukin-1β (IL-1β), Macrophage 

chemoattractant protein-1 (MCP-1) and Cytokine-Induced Neutrophil Chemoattractant-1 

(CINC-1) ELISA kits were obtained from R&D systems (Minneapolis, MN). Rat Cytokine 

Antibody Array 2 kit was from RayBiotech (Norcross, CA).

2. Animal models

All experimental procedures performed in this study were in accordance with National 

Institutes of Health guidelines for the use and care of animals, with approval of all protocols 

by the Animal Care and Use Committee at the University of Mississippi Medical Center.

A. IUGR model—Timed-pregnant Sprague-Dawley rats were purchased from Harlan 

Sprague-Dawley Inc (Indianapolis, IN) and housed individually. IUGR was induced by 

placement of a silver clip around the aorta below the renal arteries in pregnant rats at 14 

days of gestation, as described in previously (12). Briefly, rats were anesthetized with 2% 

isoflorane (Butler Co, Edmonds, WA) in an anesthesia apparatus (Vaporizer for Forane 

Anesthetic, Ohio Medical Products, Gurnee, OH). A standardized silver clip (0.203-mm 

internal diameter) was placed around the isolated abdominal aorta above the iliac 

bifurcation, and two additional silver clips (0.100-mm internal diameter) were placed on 

both left and right branches of the uterine arteries. Sham-operated pregnant rats without 

clips served as controls.
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All dams delivered at term with birth weights recorded within 12 hours. Overall, mean 

IUGR birth weight was significantly less than controls (6.1 +/- 0.1 versus 6.7 +/- 0.3 g, 

P<0.01), respectively, with asymmetric head-sparing growth as previously characterized (6). 

We defined IUGR as a birth weight less than the 10th percentile below the mean weight of 

the control rat pups born simultaneously. Control rat pups and previously defined IUGR rat 

pups were separately size-matched with 8 pups per dam. Growth-restricted pups with a birth 

weight greater than the defined 10th percentile (approximately 40% of total) and control rat 

pups with a birth weight less than this value were not utilized.

B. Intracerebral injection of LPS—The current study consisted of 4 experimental 

groups described as follows: control+saline, control+LPS, IUGR+saline, IUGR+LPS. 

Intracerebral injection of LPS was performed as previously described on postnatal day 5 

(P5) (9,11) Briefly, pups were anesthetized with isoflorane (4% induction, 1.5% 

maintenance) and placed in a stereotaxic apparatus with an adapter for neonatal rats (David 

Kopf, Tujunga, CA). The intraventricular injection was performed using a 10 μl syringe 

using the following coordination: 1.0 mm posterior and 1.0 mm lateral to the bregma, and 

3.0 mm deep to the skull surface. LPS (1 μg/animal) or sterile saline at a volume of 2 μl 

were injected into the left lateral ventricle over a period of 5 min. The intraventricular 

delivery was confirmed in series coronal frozen sections from the rat brains that were 

injected with trypan blue. For histological, immunohistochemistry and TUNEL analysis, six 

animals were included in each treatment group.

3. Cytokine array and ELISA

Whole brain tissue was homogenized with a glass homogenizer in 1ml ice-cold PBS (pH 

7.2) with protease inhibitor. After centrifugation at 12,000×g for 20 minutes at 4 °C, the 

supernatant was collected and total protein was determined by the Pierce BCA method. 

Protein concentration was adjusted to 1 mg/ml. For the cytokine array, performed per 

manufacturer instructions, a total of 4 samples from the same treatment group were pooled. 

Signals were analyzed using ImageQuant software (Molecular Dynamics), and optical 

density of the target cytokine/chemokine was subtracted from the background and then 

expressed as a ratio to the positive control. A threshold of 2-fold change was considered to 

be significant. ELISA was performed following manufacture's instruction. Data was 

acquired using a 96-well plate reader (Bio-Tek Instruments, Inc., Winooski, VT). The 

cytokine contents were expressed as pg cytokines/mg total protein.

4. Quantification of histology and immunohistochemistry data

ED1 and GFAP immunostaining and TUNEL was quantified by cell counting. ED1+ and 

GFAP+ cells were counted in the entire periventricular white matter (including corpus 

callosum and cingular white matter) and TUNEL+ cells were counted in both the cortex and 

striatum. Four consecutive coronal sections at bregma level from each animal were selected 

for analysis. Six digital images (10x objective) from the cortex and periventricular white 

matter and 12 images from the striatum, which covered most areas with positive cells, were 

captured for each section. The number of positive cells from four sections were averaged for 

each animal. Data is presented as the number of cells/view field.
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MBP immunohistochemistry was quantified using a grading method for each slide as 

previously described (11): 0, no staining; 1, detectable weak staining; 2, obvious staining, 

but less than 3 and stronger than 1; 3, normal strong positive stain. Consistency and 

unbiased scoring was ensured by evaluation from two different people blinded to treatment, 

and then averaged.

5. Histologic examination, immunohistochemistry and TUNEL

Fifty frozen consecutive sections (10 μm) were prepared at the level of bregma and dorsal 

hippocampus. Hematoxylin and eosin (H&E) and Nissl staining was used to examine gross 

histopathology.

Immunohistochemistry was performed using a standard protocol as previously described 

(10). After blocking, final concentrations of primary antibodies were diluted as follows: 

GFAP (1:300), ED1 (1:200), MBP (1:200). Images were captured with a CCD camera 

(Oly-750, Olympus), and superimposed using the Adobe Photoshop (version 7.0) software, 

if necessary. TUNEL staining, following the manufacture's instruction, was used to detect 

cell death.

To compare the size of the lateral ventricles in relation to overall brain size, H&E-stained 

coronal sections at the bregma level were scanned by a densitometer (Bio-Rad, 
Richmond,CA) and areas (cm2) of the left and right ventricles and whole brain were 

measured. Ventricular index size was calculated as the ratio of the area of each ventricle to 

whole brain.

6. Statistics

Unless otherwise indicated, results are represented as mean +/- SEM. Two Way Analysis of 

Variation followed by Student-Newman-Keuls test determined statistical significance 

among treatments, set at a p value of < 0.05.

Results

1. Brain Inflammatory responses to LPS

Cytokine array was used to identified differentially expressed cytokines/chemokines in the 

control and IUGR rats at both 6 and 24 hrs after LPS treatment. Major proinflammatory 

cytokines such as TNFα, IL-1 β, and IL-6 were elevated in IUGR and control rat pups to the 

same degree. However, two chemokines, MCP-1 and CINC-1, as well as tissue inhibitor of 

metalloproteinase-1 (TIMP-1), were significantly higher in IUGR-LPS rat pups compared to 

control-LPS rats at 24 hrs after LPS injection (Fig 1A). ELISA studies were conducted to 

evaluate for markers of inflammation as well as confirm and quantify cytokine array results. 

An increase in expression of the proinflammatory cytokines TNF-α and IL-6 was observed 

in the control and IUGR rats treated with LPS at both 6 and 24 hours (data not shown). At 

24 hrs, IL-1β level was lower in IUGR-LPS compared to control-LPS (control-LPS: 

706.8±92.3 pg/mg protein, n=8; IUGR-LPS: 523.6±38.9 pg/mg protein, n=10; Mean±SD); 

however, it did not reach statistical difference (P= 0.065). The levels of two chemokines, 

MCP-1 and CINC-1 (rat IL-8), were significantly higher in IUGR-LPS rats compared to 
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control-LPS at 24 hrs. Specifically, the MCP-1 level was about 2.5 times higher in IUGR-

LPS rats relative to control-LPS, while the increase in CINC-1 level was more than 16 times 

greater (Fig 1B&1C, respectively). Proinflammatory cytokines and chemokines were not 

detected from the brains of control or IUGR rats without LPS treatment.

To determine differential responses of the microglia and astrocytes between IUGR and 

control rats following LPS treatment, immunohistochemistry studies using an ED1 antibody 

(a marker for activated microglia) revealed that microglia were activated in both control and 

IUGR rat brains following LPS exposure. However, IUGR-LPS showed marked 

enhancement of microglia activation compared to control-LPS at 24 hr (Fig.2). Although a 

few ED1+ cells were present in the periventricular white matter tracts in the brains of both 

groups without LPS treatment, there was no difference noted between the two (data not 

shown). Following LPS injection, ED1+ cells increased significantly in both groups, 

however the IUGR group demonstrated more enhanced activation compared to the control. 

Moreover, the enhancement demonstrated a regional difference with the striatum being more 

prominent (4.6 fold increase) than the periventricular white matter (1.6 fold increase; Fig 2 

G & H). Enhanced activation of microglia was consistently observed in IUGR-LPS rat brain 

over time at P8 and P14 (data not shown).

In contrast to a marked increase of microglia activation, astrocyte activation appeared 

delayed in IUGR rat brain after LPS treatment. There were significantly fewer GFAP+ cells 

in IUGR-LPS than control-LPS brain at P6 and P8, but this difference was no longer 

appreciated at P14 (Fig 3).

2. Cell death following LPS exposure

Cell death in response to LPS was examined using the TUNEL method. There were similar 

numbers of occasional scattered TUNEL positive cells in both groups without LPS 

treatment, but there appeared to be no difference between these two groups. Consistent with 

our previous observation, LPS treatment increased the number of TUNEL+ cells in the 

control rat brain tissue that was primarily located in layer I of the cortex after 24 hr of 

treatment. However, the increase of TUNEL+ cells in IUGR-LPS group more than doubled 

compared to control-LPS (p<0.001). In addition to the cortex, TUNEL+ cells were found to 

be significantly increased in other brain areas, most prominently in the striatum (Fig 4), of 

the IUGR-LPS rat group.

3. LPS-induced lateral ventricle dilation

A consistent gross pathological change in neonatal rat brain following LPS exposure is 

dilation of the lateral ventricles (13,14). As expected, the lateral ventricles were significantly 

enlarged in the control rat brain nine days after exposure to LPS (Fig 5). This effect, 

however, was further exaggerated in IUGR-LPS rats (p<0.05).

4. Reduction of myelination after LPS treatment

At P14, myelin is extensively detected in the white matter by MBP immunostaining, and the 

control and IUGR rat brains showed similar intensity and pattern of immunostaining. After 

LPS exposure, there was a significant decline of MPB immunostaining in both the groups 
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compared to their corresponding non-LPS treated groups. However, IUGR-LPS rat brains 

showed an enhanced reduction compared to control-LPS (P<0.05, Fig 6).

Discussion

PVL is a prevalent form of brain injury in the premature infant that occurs following 

hypoxic-ischemic and inflammatory conditions (8). Utilizing an established model of 

neuroinflammation (10), we investigated whether IUGR enhances susceptibility to LPS 

insult. The major findings from our study indicate that IUGR rat pups produce an augmented 

inflammatory response and subsequent brain injury compared to control. To our knowledge, 

this is the first study that suggests placental insufficiency programs the infant brain as more 

vulnerable to postnatal inflammatory challenges.

Consistent with previous studies (13,14), we show similarly increased expression of 

proinflammatory cytokines following LPS exposure, but specific chemokines, including 

MCP-1 and CINC-1, were significantly elevated to a greater degree in growth-restricted rat 

pups. Activated macrophages/microglia,seen in the pathogenesis of PVL, aggregate towards 

MCP-1 chemotaxis (15), and their presence was significantly greater in the striatum and 

perventricular white matter of IUGR+LPS P6 rat brains. CINC-1 is a member of the 

interleukin-8 chemokine family, and its production by activated glial cells stimulates 

neutrophil recruitment. Upregulation of this chemokine is also involved in pathologic 

clinical conditions of brain injury including ischemia, meningitis, acidosis and oxidative 

stress (16,17).

Activation of glial cells results in complex downstream events, as they serve both protective 

and destructive roles through the production of trophic and toxic mediators (18). Our results 

show a different response in glial cells when conditioned with chronic hypoxia in utero 

followed by inflammatory stress compared to control. As expected, LPS resulted in reactive 

astrogliosis in both experimental groups similar to previous studies (10,19), and this type of 

pathologic change is associated with brain injury (20). However, astrogliosis is delayed in 

the IUGR+LPS group until P14 when it significantly increases and there is no longer a 

detectable difference relative to control-LPS. In LPS-treated brains from growth-restricted 

rat pups there is a robust activation of microglia, which affects astrogliosis through the 

release of cytokines and other soluble factors. In a previous in vitro study of glial cells by 

Guo (21), hypoxia and reoxygenation with LPS insult potentiated inducible nitric oxide 

synthase, TNF-alpha, and NFkB-dependent transcription production in microglia, which was 

not appreciated in astrocytes. However, the same combination of insults led to a substantial 

increase in a neuroprotective product, hemeoxygenase-1, in astrocytes, but not microglia. 

Thus, exacerbated activation of detrimental inflammatory products in microglia, and delayed 

astrogliosis in growth-restricted rat pups could lead to increased brain damage.

Literature supports that severe placental insufficiency causes brain damage, but the degree is 

affected by the timing, severity, and type of prenatal insult (6,7,22,23). In our model of 

relatively moderate placental blood flow reduction, there is a lack of abnormal pathology in 

the brains of growth-restricted rat pups without LPS exposure. This is a strength in our 
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study, which preconditions the neonatal rat and demonstrates the susceptibility of IUGR rat 

brain to secondary inflammation following LPS treatment.

IUGR rat pups demonstrated region specific damage with an increased number of apoptotic 

cells primarily localized to the cortex and striatum twenty-four hours following LPS. 

TUNEL positive cells were not identified in the white matter tracts where oligodendrocytes 

are in abundance and injured in the pathogenesis of PVL. Knowledge of the basic anatomic 

regionalization of brain topography led us to believe the TUNEL positive cells were 

potentially neurons, however, co-localization techniques to identify the apoptotic cells were 

inconclusive (data not shown).

Prior studies demonstrate a lowered cerebral threshold towards postnatal hypoxic stress in 

fetal rats subjected to placental insufficiency (22). This vulnerability was related to 

alterations in the pro and anti-apoptotic mechanisms with decreased Bcl-2 and increased 

Bax gene expression following hypoxic insult in IUGR rat pups (24). We feel the increased 

apoptotic cell death in IUGR rat brains may be a result of modified apoptotic pathways and 

needs further investigation.

In our study, both control and IUGR rat pups demonstrate similar intensity of myelination. 

A secondary postnatal insult with intracerebral LPS decreased MBP stain in all experimental 

groups, but the hypomyelination is significantly more profound in IUGR rat pups. Clinical 

studies of growth-restricted infants suggest altered myelination patterns with increased 

prevalence of periventricular echodensities on neonatal ultrasounds and increased incidence 

of cerebral palsy (5,25). The timing of the LPS insult at P5 correlates with a vulnerable 

period in human neurodevelopment and oligodendrocyte maturation when PVL onset is 

prevalent (26). Thus, growth-restriction may sensitize immature oligodendrocytes to damage 

and impaired function following postnatal stress.

Ventriculomegaly is utilized in animal studies as a marker of brain injury, and can result 

from primary developmental failure or brain cell loss (10). Clinically, increased ventricular 

size volume correlates well with PVL and impaired cognitive and motor skills (27,28). At 

baseline, P14 IUGR rat pups trended towards increased ventricular dilation relative to 

control rat pups. Although this pattern is not statistically significant, Mallard et al 

demonstrated a significant size increase in the lateral ventricles of growth-restricted guinea 

pigs following late gestation placental insufficiency (23). Similar to previous studies (10, 

18), LPS caused pathologic ventricular dilation in all animals exposed to intracerebral LPS, 

but the IUGR+LPS group was most profoundly affected. Increased TUNEL positive cells 

and a paucity of myelin immunostaining in IUGR+LPS suggest that the ventriculomegaly 

appreciated in these animals is secondary to cell loss and impaired brain structure.

In summary, we demonstrate that intrauterine growth-restriction sensitizes the immature rat 

brain to produce an amplified inflammatory response after LPS insult. Glial activation and 

the complex cascade of cytokine and chemokine production is modified in growth-restricted 

rat pups, which leads to increased apoptotic cell death, impaired myelination, and extensive 

ventricular dilation. An adverse intrauterine environment during critical stages of growth 

can modify gene expression and fetal development. There are multiple studies of LPS 
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administration that demonstrate contrasting effects of both increased sensitization and 

protective preconditioning of the immature brain following hypoxic insult (29-31). 

However, this study is unique and investigates inflammatory effects only after exposure to 

prolonged hypoxia in utero.

We conclude that the immature brain in growth-restricted infants is more vulnerable to the 

consequences of neuroinflammation and activation of the innate immune system by LPS. 

The combination of chronic hypoxia and LPS-induced neuroinflammation likely works 

through synergistic pathways with an additive injurious effect on immature rat brains. Our 

model is clinically relevant, as IUGR infants are at risk for increased morbidity and 

mortality including infection and neurodevelopmental handicap (32,33). The differential 

response in IUGR rat pups relates to Barker's hypothesis of fetal programming in which an 

adverse environment experienced during critical developmental periods can predispose 

offspring to subsequent morbidities (1). Placental insufficiency creates a state of reduced 

oxygen availability, malnutrition, and altered endocrine status in the fetus. Delineation of 

how these stressors influence our results will be a focus of upcoming studies. Increased 

levels of CINC-1 and TIMP-1 production in growth-restricted rat pups after LPS insult lead 

us to hypothesize that polymorphonuclear cell recruitment and activation may be a key 

element in the development of observed brain damage. Additionally, IUGR-LPS rat brains 

have an increased number of TUNEL positive cells, which suggests alterations in apoptotic 

pathways of cellular death. Future research should explore the mechanisms and temporal 

relationship of LPS-induced sensitization in the neonatal IUGR rat brain to provide insight 

into potential neuroprotective interventions.
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Fig 1. Inflammatory response in rat brain after LPS injection
A. Cytokine antibody array was used as an initial step to screen differentially expressed 

cytokines/ chemokines and quantify as described in Methods. Chemokines: CINC-1 and 

MCP-1, as well as TIMP-1, were found differentially expressed (in duplicate, labeled in 

boxes). B. ELISA was performed to further quantify major proinflammatory chemokines 

and cytokines. There were no significant differences in expression of acute phase cytokines 

(TNF, IL-1 and IL6) in control-LPS and IUGR-LPS; However, consistent with array data, 

chemokines MCP-1 and CINC-1 were significantly higher in IUGR-LPS than control-LPS. 

Proinflammatory cytokines, MCP-1 and CINC were undetectable in control and IUGR rat 

pups not treated with LPS. *p<0.01 vs control-LPS.
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Fig 2. Microglia response in rat brain after LPS injection
A minimal number of ED1+ cells were detected in both control and IUGR rat brain without 

LPS exposure at P6. 24 hrs following intracerebral LPS injection, the number of ED1+ cells 

increased significantly in the periventricular white matter of both the control (A) and IUGR 

(B) rat brain, however, this response was intensified in IUGR-LPS rat brains. The 

highlighted areas within the white boxes at the corpus callosum (upper) and the junction 

between the subventricular zone and striatum (lower) in A were shown in higher 

magnifications in C and D, respectively, while that in B were shown as E and F. Scale bar: 

A, B: 200μm, C-F: 50μm. ED1+ cells were counted in the white matter and striatum at P6 

and the data are shown in G and H respectively. *p<0.01, IUGR-LPS vs control-LPS; 

control or IUGR with LPS vs without LPS.
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Fig 3. Delayed reactive astrogliosis in IUGR rat brain following LPS exposure
Following intracerebral LPS injection, control rat brains demonstrated progressively 

increased GFAP immunostaining over time (A: P6, C: P8, and E: P14), compared to a 

delayed astrogliosis in IUGR rat brains that was found only significantly increased at P14 

(F), but not at P6 (B) and P8 (D). GFAP+ cells were counted in the periventricular white 

matter and the data are shown in G (white bar: control; striped bar: IUGR; black bar: 

control-LPS; and gray bar: IUGR-LPS). Scale bar: A-D: 50μm, E and F: 200μm. lv: lateral 

ventricle. *p<0.01 control-LPS vs control (P6 and P8); control or IUGR with LPS vs 

without LPS.
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Fig 4. Cell death in the rat brain after LPS exposure
TUNEL positive cells (green) with Propidium iodide counterstain (red) was utilized to 

visualize cell death in P6 rat brain at the bregma level. There was a marked increase of 

TUNEL+ cells in the cortex (A and B) and striatum (C and D) of both control-LPS (A,C) 

and IUGR-LPS (B,D) rat brain, but the increase was significantly greater in the IUGR-LPS 

group (A). Quantification of cell counting data in the cortex and striatum areas are shown in 

E and F, respectively. *p<0.001, IUGR-LPS vs control-LPS; control or IUGR with LPS vs 

without LPS.
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Fig 5. Changes of lateral ventricle size in rat brain after LPS injection
H&E stained coronal sections of P14 rat brain at the bregma level demonstrated a dramatic 

dilation in lateral ventricle size in both control-LPS (C) and IUGR-LPS (D) rat brains 

compared to the control (A) and IUGR (B) without LPS exposure. The lateral ventricular 

(lv) size index at P14 was represented in E. Scale bar: A and B: 500μm, C and D: 200μm 

*p<0.001 vs control or IUGR with LPS vs without LPS, **p<0.05 IUGR-LPS vs control-

LPS.
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Fig 6. Detection of myelination in the rat brain by MBP immunostaining
At P14, control (A) and IUGR (B) rat brains demonstrate extensive baseline myelination of 

white matter that was significantly impaired by LPS treatment. However, decreased 

myelination (intensity and surface area) was affected more severely in IUGR-LPS (D) 

relative to control-LPS (C). Scale bar: 50 μm. A semi-quantitative method (see Method 

section) was employed to compare changes of myelination between the treatments and data 

is represented in (E). *p<0.01, control or IUGR with LPS vs without LPS; **p<0.05 IUGR-

LPS vs control-LPS

Campbell et al. Page 16

Pediatr Res. Author manuscript; available in PMC 2013 March 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


