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Abstract

Background—Thrombocytopenia is frequently encountered in infants with necrotizing 

enterocolitis (NEC). To develop a preclinical model of NEC-related thrombocytopenia, we 

measured serial platelet counts in 10-day-old (P10) mouse pups with trinitrobenzene sulfonic acid 

(TNBS)-induced NEC-like injury. We also measured platelet volume indices, immature platelet 

fraction (IPF), and megakaryocyte number/ploidy in these animals.

Methods—Platelet counts, platelet volume indices, and IPF were measured in control (N=65) 

and TNBS-treated pups (N=104) using an automated hematology analyzer. Bone marrow 

megakaryocyte number, ploidy and CD41 expression were measured by flow cytometry. These 

findings were confirmed in a small cohort of P3 mice with NEC-like injury.

Results—Murine pups with TNBS-mediated NEC-like injury developed thrombocytopenia at 

15–24h after exposure to TNBS. Intestinal injury was associated with increased platelet volume 

indices (mean platelet volume, platelet-to-large cell ratio, and platelet distribution width), and IPF, 

indicating increased thrombopoiesis. These mice also showed increased megakaryocyte number, 

ploidy, and CD41 expression, indicating increased megakaryocyte differentiation.

Conclusions—Similar to human NEC, murine NEC-like injury was also associated with 

decreased platelet counts. There was evidence of increased megakaryocyte differentiation and 
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thrombopoiesis, which favors peripheral consumption of platelets as the likely mechanism of 

thrombocytopenia in these animals, over decreased platelet production.

INTRODUCTION

Thrombocytopenia (platelet counts <150 × 109/L) is the most frequently-encountered 

hematological abnormality in patients with necrotizing enterocolitis (NEC), seen in 50–95% 

of all patients within 24–72h of receiving a diagnosis of NEC (1–4). Many infants with 

severe NEC may have platelet counts in the range of 30–60 × 109/L (1–3). The severity of 

thrombocytopenia generally correlates with Bell’s clinical stage of NEC, and some clinical 

studies suggest that a rapid drop in platelet counts to <100 × 109/L may herald the onset of 

bacteremia or bowel gangrene (1, 5). Platelet counts may also provide important predictive 

information for the outcome; severe thrombocytopenia (<50 × 109/L) may predict the need 

for surgical intervention, NEC-related gastrointestinal complications such as cholestatic liver 

disease and short bowel syndrome, prolonged length of hospital stay, and mortality (2, 3, 5–

7).

The mechanism of thrombocytopenia in NEC is unclear. There is indirect, anecdotal 

evidence for platelet consumption, seen in the rapid drop in platelet counts in many patients 

with NEC and in the short-lived rise in platelet concentrations following transfusions (8). 

However, there is conflicting data from at least two studies that suggest that some premature 

infants with sepsis or NEC may have suppressed megakaryopoiesis as the sole or 

contributing cause of thrombocytopenia (9, 10). To understand the mechanism(s) of NEC-

related thrombocytopenia, there is a need for robust, developmentally-appropriate preclinical 

models. In the present study, we sought to address this gap by investigating the temporal 

evolution of thrombocytopenia in our previously-described neonatal mouse model of 

trinitrobenzene sulfonic acid-induced NEC-like injury (11–13). To determine the kinetic 

basis of thrombocytopenia during NEC-like injury, we also measured platelet volume 

indices, immature platelet fraction, and megakaryocyte number/ploidy in the bone marrow 

of these animals.

MATERIALS AND METHODS

Murine neonatal TNBS-mediated enterocolitis

Animal studies were approved by the Institutional Animal Care and Use Committee at 

University of South Florida. As described previously (11), TNBS enterocolitis was induced 

in 10-day-old C57BL/6 mice by administering TNBS (2 equal doses of 50 mg/kg dissolved 

in 30% ethanol, w/v, by gavage and rectal instillation, respectively. Control animals (n=10) 

received vehicle alone. In some experiments, we also compared a small number of P3 mice 

in control and TNBS-treated groups. In all experiments, animals were monitored every 3h 

for physical distress and were euthanized if they developed signs of illness or at 48h using 

CO2 inhalation followed by cervical dislocation. Intestinal injury was confirmed by 

histopathological analysis of ileocolic region (11): (i) mild injury: disruption of villus tips or 

mild separation of lamina propria in the small intestine; low level leukocyte infiltration in 

the colon in <10% high-power fields (HPF) with no structural changes; (ii) moderate injury: 

mid-villus disruption, clear separation of lamina propria and/or edema in the ileal 
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submucosa; prominent leukocyte infiltration in colon in up to 50% HPF, crypt elongation, 

mucosal thickening, superficial ulcerations; (iii) severe injury: transmural injury in the small 

intestine; marked leukocyte infiltration in >50% HPF, elongated and distorted crypts, bowel-

wall thickening, and extensive ulcerations.

Platelet counts and platelet volume indices

Blood was obtained from mouse pups by puncturing the anterior facial vein with a 25 gauge 

hypodermic needle (BD Biosciences, San Diego, CA) and was collected using pipette tips 

and eppendorf tubes flushed with acid-citrate-dextrose buffer (Sigma, St. Louis, MO). Five 

µL blood was added to 95 µL Cellpak reagent (Sysmex Corporation. Kobe, Japan) and 

gently mixed to avoid platelet activation. Platelet counts and indices were measured using 

the Sysmex XT-2000iV automated veterinary hematology analyzer (Sysmex). This 

instrument measures platelets by both impedance and fluorescence optical methods, and 

computes the platelet volume indices (MPV, plateletcrit, PDW, and P-LCR) and the IPF. 

Although this analyzer was originally standardized with 85 µL blood volumes, 

measurements in blood samples diluted 1:20 remain reproducible and accurate (14). To 

avoid the inadvertent effects of blood loss on intestinal injury and platelet kinetics, we tried 

to limit the number of samples from each animal to a maximum of 3–4 time-points.

Megakaryocytes

Bone marrow cells were harvested from both femurs of control and TNBS-treated 10-day-

old C57BL/6 mice (n=10 each) in Iscove’s modified Dulbecco’s medium supplemented with 

1% penicillin/streptomycin, 1% L-glutamine, and 10% FBS (Life Technologies, Carlsbad, 

CA)(15). Bone marrow from a few adult mice (9- to 12-week-old) was used for comparison. 

Red cells were lysed using hypotonic buffer (150 mM NaCl, 10 mM NaHCO3, 100 mM 

EDTA) × 10 min at room temperature. Cells were then labeled using monoclonal FITC- or 

PE-conjugated anti-CD41 antibody (BD Biosciences) and purified using anti-FITC or PE 

ferromagnetic microbeads (Miltenyi Biotec, San Diego, CA). Mature megakaryocytes were 

enriched on a discontinuous density gradient of bovine serum albumin (BSA) fraction V 

(0%, 1.5%, 3.0% in phosphate-buffered saline; BSA from Sigma) (16). After 30 min, cells 

that settled at the bottom of the tube by gravity were harvested and enumerated using an 

automated counter (model TC20, Bio-Rad, Hercules, CA). Cytospin preparations were 

stained with the Wright-Giemsa stain, and morphometric measurements were made using 

the software program Image J (17). Cellular ploidy (after propidium iodide staining) and 

CD41 expression were measured by flow cytometry (model Accuri C6 plus, BD 

Biosciences).

Statistical methods

Measures of central tendency were computed using IBM SPSS for Windows, version 23 

(IBM Corporation, Armonk, NY). Platelet counts, platelet volume indices,, IPF, and 

megakaryocyte indices were evaluated by non-parametric methods. Platelet counts were 

analyzed as time-dependent covariates in a Cox proportional hazard regression model (18) 

of time-to-intestinal injury (none, mild, moderate, or severe). Multiple groups were 

compared by independent samples Kruskal-Wallis H test (19) and the Jonckheere-Terpstra 

(J-H) test for ordered alternatives (20). The J-H test provides more statistical power than the 
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Kruskal-Wallis test when there is an a priori ordering of the populations, and was, therefore, 

preferred for comparisons across subgroups defined by severity of intestinal injury or time 

elapsed in the NEC protocol. Serial IPF measurements were compared by Friedman’s test 

(21). Megakaryocyte indices were evaluated by independent samples Mann-Whitney U test 

(22). Numeric data were depicted as Tukey-Koopman box-whisker plots (23), where the 

median was shown as a bold line, the box showed the interquartile range, and the whiskers 

showed the minima and maxima. Outliers (>1.5×IQR) were depicted as small circles. All 

statistical tests were 2-sided and considered significant at p <0.05.

RESULTS

Blood platelet concentrations in TNBS-mediated murine NEC-like injury

We compared serial platelet counts in TNBS-mediated murine NEC-like injury vs. control 

animals (N = 104 in TNBS-treated and 65 in control group). After TNBS exposure, animals 

were monitored at regular intervals and were euthanized upon the development of signs of 

physical distress, or at 48h. Intestinal injury was evaluated histopathologically at the time of 

euthanasia and was graded as mild, moderate, and severe in 17, 35, and 52 mice, 

respectively. Twenty-one of 35 pups with moderate injury and 45/52 pups with severe 

intestinal injury had to be euthanized before the completion of the 48h study period in view 

of physical distress. As seen in Figure 1, TNBS-mediated NEC-like injury was associated 

with decreased platelet counts. In pups with mild intestinal injury, platelet counts dropped 

below baseline at 18h and reached a nadir at 24h. In moderate-severe injury, platelet counts 

started dropping at 15h, reached a nadir at 18h (p<0.001 at both time-points), and then 

showed some recovery at 24–48h (p<0.05). Interestingly, a transient rise in platelet counts 

was noted at the 6h time-point in severe intestinal injury. Further analysis in Cox regression 

models confirmed that the association of platelet counts with murine NEC-like injury was 

time-dependent (hazard ratio = 0.996, 95% confidence interval 0.995–0.997, p<0.001). The 

platelet counts at various time-points are summarized in Table 1.

Platelet volume indices in TNBS-mediated murine NEC-like injury

To understand the kinetic basis of thrombocytopenia in NEC-like injury, we compared 

platelet volume indices in the control and NEC-like injury groups. The mean platelet volume 

(MPV) is the quotient of the plateletcrit (ratio of platelet volume to the whole blood volume) 

and the platelet counts [MPV = {plateletcrit (%)/platelet count (× 109/L)} × 105]. The 

Sysmex hematology analyzer reads platelet distribution width (PDW) as the range of platelet 

volumes at 20% frequency (peak of the frequency histogram = 100%) and the platelet-large 

cell ratio (P-LCR) is the proportion of large platelets (>12 fL) in the total platelet population 

(Figure 2a).

The platelet volume indices in control and TNBS-treated groups are summarized in Table 2. 

At the 18h time-point, the median MPV in the control group was 6.6 fL (range 6.1–8.3) and 

increased to 7.5 (6.6–7.7), 7.2 (6.5–9.6), and 7.6 (6.4–9.9) fL in mice with mild, moderate, 

and severe intestinal injury, respectively (p<0.001; Figure 2b). MPV rose in moderate-severe 

intestinal injury occurred despite lower plateletcrits (p<0.001; not depicted) due to the 

concomitant drop in platelet counts. The PDW and P-LCR also increased in pups with 
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intestinal injury (p<0.001; Figure 2 c, d). The increase in platelet volume indices in murine 

NEC-like injury indicated an increased number of larger, presumably younger platelets in 

the circulation.

Circulating immature platelet fraction in TNBS-mediated murine NEC-like injury

We next compared the concentration of immature platelets in blood samples from control 

and TNBS-treated mice. The Sysmex analyzer enumerates immature platelets in the 

fluorescence channel using a proprietary stain containing the polymethine and oxazine dyes, 

where immature platelets are identified based on larger size (forward light scatter) and 

greater nucleic acid content (side fluorescence intensity; Figure 3a)(24). The number of 

immature platelets in a given blood sample was obtained using previously-described gating 

parameters (25). At the 18h time-point, the median concentration of immature platelets was 

46 × 109/L in control and decreased to 47.4, 28.8, and 12.4 × 109/L in mild, moderate and 

severe injury, respectively (p<0.001; Table 2). However, the immature platelet fraction 

(proportion of immature platelets in the total platelet population, IPF) increased from 7.4% 

(range 2.9–11.9) in control animals to 9.4% (range 3.1– 33.5; p<0.001; Figure 3b). The 

severity of intestinal injury did not affect IPF (Table 2). To understand the temporal 

evolution of IPF during intestinal injury, we obtained serial blood samples from a small 

cohort of control and TNBS-treated pups (n=10/group). As seen in Figure 3c, the IPFs 

started rising within the first few hours of TNBS exposure and peaked at 18h (p<0.01). We 

interpreted the rise in IPF during NEC-like injury to indicate ongoing thrombopoiesis and 

next examined megakaryocytes in the bone marrow.

Megakaryocyte number and ploidy in the bone marrow of mice with TNBS-mediated NEC-
like injury

We next examined bone marrow megakaryocytes from mice with intestinal injury and 

control at the 18h time-point after exposure to TNBS (n=10 mice/group). As seen in Figure 

4a, murine NEC-like injury was associated with increased number of megakaryocytes in the 

bone marrow. Similar to human infants (26), megakaryocytes in the neonatal murine bone 

marrow were considerably smaller in size than those in adult mice (Figure 4b; median area 

of bone marrow megakaryocytes in pups = 4749 µm2 vs. 8906 µm2 in adult mice, n=10 cells/

group, p<0.001). There was no significant difference in the size of bone marrow 

megakaryocytes from control vs. TNBS-treated animals, although there was greater 

variability in size in the latter. Megakaryocytes from mice with NEC-like injury showed 

increased ploidy (cells ≥ 8N: median 14.8, range 12.4–18.2 in control vs. 30.9, range 18.1–

36.4 in NEC-like injury, p<0.001; Figure 4c) and CD41 expression (median 61.5%, range 

52–68% in control vs. 84%, range 78–92% in NEC-like injury, p<0.001; Figure 4d). Taken 

together, these findings indicated increased megakaryocyte commitment/differentiation in 

NEC-like injury.

Platelet counts and IPF in P3 mice with TNBS-mediated NEC-like injury

The use of mouse pups on postnatal day 10 (P10) to study NEC-like injury is acceptable 

because the murine neonatal intestine resembles the human midgestation intestine until P14–

16 (27, 28). However, the transition from fetal (hepatic) to adult (bone marrow) 

megakaryopoiesis may occur between P5 and P14 (14). In view of this developmental 
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asynchrony between the two organ systems, we sought to validate our findings by measuring 

platelet counts, platelet volume indices, and IPF in a small cohort of P3 mice with TNBS-

mediated intestinal injury. Because of the size-limitation of P3 animals, a single blood 

sample was obtained at the time of euthanasia at 18h.

Similar to P10 animals, P3 mice with TNBS-mediated NEC-like injury also developed 

thrombocytopenia [median 328 (range 212–676) × 109/L in control vs. 106 (range 24–148) 

× 109/L in NEC-like injury, p<0.001; Figure 5a]. The plateletcrit dropped from 0.28% (range 

0.16–0.52) in control to 0.16% (0.04–0.2) in intestinal injury (p=0.009). The concentration 

of immature platelets decreased from median 22 (range 18.8–47.2) × 109/L in control to 9.4 

(0.6–25.4) × 109/L in intestinal injury, p=0.003, but the IPFs were significantly higher 

(8.2%, range 6.15–14.4 in control vs. 13.8%, range 9–17.7 in intestinal injury, p=0.03; 

Figure 5b).

DISCUSSION

We present a detailed investigation of the temporal evolution and kinetic mechanisms of 

thrombocytopenia in a murine neonatal model of NEC-like intestinal injury. The severity of 

thrombocytopenia in our murine model correlated strongly with injury grade, which is 

consistent with the inverse correlation between platelet counts and Bell’s clinical stage of 

NEC (1–3, 5, 6). The onset of thrombocytopenia between 15–18h is also consistent with the 

typical course of thrombocytopenia in infants with NEC (1, 5). To our knowledge, this is the 

first report of thrombocytopenia in a preclinical model of NEC.

We have previously described the use of TNBS to induce acute necrotizing enterocolitis in 

mouse pups (11). The incidence of NEC peaks in premature infants at a post-menstrual age 

(gestational age at birth + postnatal age at onset of NEC) of approximately 32 weeks (29–

31), and therefore, we postulated that the pathoanatomy of NEC may represent a generic 

injury response of the intestine during a specific developmental epoch and not reflect 

specific pathogenic trigger(s) (11). In this context, we used TNBS as a non-specific, but 

predictable immunological insult to induce bowel injury in P10 C57BL/6 mouse pups. 

TNBS administration in pups produces an acute inflammatory injury with prominent 

necrotic changes in distal ileum and proximal colon within 18–24h, thereby recapitulating 

the temporal course, regional predilection, and pathoanatomy of human NEC (11, 12). The 

cellular inflammatory response in affected regions is comprised of macrophage-rich 

infiltrates similar to NEC (11, 12, 32). There is also a strong similarity in the transcriptional 

networks activated during TNBS-mediated murine intestinal injury and human NEC (13). 

TNBS does not cause intestinal injury in germ-free mice, indicating that the mucosal injury 

requires the presence of intestinal microflora (similar to NEC) and is not due to chemical/

corrosive action of TNBS (11).

We recorded a consistent drop in platelet counts in pups with NEC-like injury at 15–24h 

after TNBS exposure, which is comparable to the onset of thrombocytopenia in most 

patients within 24–72h of NEC diagnosis (1–4). Interestingly, platelet counts in P10 mouse 

pups dropped from baseline values that were three to four-folds higher than premature 

human infants (33) to their lowest levels of approximately 50%, 25%, and 12% in pups with 
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mild, moderate, and severe intestinal injury, respectively. Pups with severe intestinal injury 

had lowest platelet counts comparable to those in human infants with NEC (1–3, 5, 6). In P3 

pups, despite limited scope for kinetic studies with repeated blood sampling or interventions 

such as intravenous platelet transfusions, TNBS-mediated injury was still informative as the 

baseline platelet counts were comparable to premature human infants and dropped to nadirs 

similar to those seen in criticallyill human infants (34). In thrombocytopenic mice, intestinal 

injury was marked by extensive interstitial hemorrhages in the affected bowel regions similar 

to surgically-resected NEC specimens (32), indicating that TNBS-mediated intestinal injury 

could be a useful preclinical model to study the role of platelets (and platelet transfusions) in 

NEC.

In our study, murine NEC-like injury was associated with increased platelet volume indices, 

an early and sustained rise in IPF following TNBS exposure, and increased megakaryocyte 

number/ploidy in the bone marrow. In pups with moderate-severe injury, we also detected a 

transient rise in platelet counts at the 6h time-point. Taken together, these findings were 

consistent with increased thrombopoiesis during NEC-like injury. Although we did not 

investigate the mechanism(s) that may drive platelet production during NEC, low 

concentrations of lipopolysaccharides are known to stimulate megakaryocyte differentiation 

and platelet production in conjunction with inflammatory cytokines such as interleukin-6 

(35). Our findings are consistent with the observations of Brown et al. (10), who showed a 

modest increase in circulating reticulated platelets and megakaryocytic precursors in human 

infants with a diagnosis of NEC. However, in a recent study, Cremer et al. (9) found low IPF 

in a small cohort of infants with surgical NEC and thrombocytopenia. The reasons for these 

differences are not clear. One plausible explanation for the dampened thrombopoietic 

response in some infants with severe NEC may be related to elevated circulating levels of 

platelet factor 4, which is released from activated platelets and is a potent inhibitor of 

megakaryocytopoiesis (36).

The detection of increased megakaryocytic commitment/differentiation and thrombopoiesis 

during NEC-like injury favors increased peripheral consumption of platelets as the likely 

mechanism of thrombocytopenia over the alternative possibility of impaired platelet 

production. The site of platelet consumption in NEC remains to be identified, but is widely 

presumed to be related to microthrombotic events in the inflamed bowel (8, 37). Existing 

information from animal models indicate that circulating platelets are likely exposed to 

diverse activators including bacterial products, platelet-activating factor, arachidonic acid 

metabolites, various factors from the coagulation cascades (38, 39). These mediators can 

stimulate endothelial cells and macrophages to release inflammatory cytokines and nitric 

oxide, which, along with thromboplastin released from gangrenous bowel, could explain 

platelet activation and aggregation in the microvasculature (1, 39).

In conclusion, we have shown that murine pups with TNBS-mediated NEC-like injury 

develop thrombocytopenia despite evidence of increased megakaryopoiesis and 

thrombopoiesis. The major strength of our study is the development of a robust preclinical 

model that could allow the study of NEC-related thrombocytopenia and underlying 

mechanisms. However, there are also important limitations; animal models may not always 

capture the complexity of a natural, multifactorial disease process such as NEC. We did not 
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investigate the regulators of thrombopoiesis in this study. Tracing the longitudinal change in 

endogenous stimulants such as thrombopoietin (Tpo) will be a critical step in understanding 

whether there is scope for therapeutic stimulation of megakaryocytic precursors with 

recombinant Tpo or the newer synthetic agonists of the Tpo receptor (40), or if these 

regulatory systems are already saturated. Finally, studies of NEC-like injury in small animals 

may overlook physiological covariates such as feeding experience, comorbidities, and 

microbial flora. Given these limitations, findings in preclinical models need further 

corroboration from clinical studies.
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Figure 1. Blood platelet concentrations in TNBS-mediated murine NEC-like injury
Boxplots show blood platelet concentrations in C57BL/6 pups on P10 with (a) mild, (b) 

moderate, and (c) severe intestinal injury at various time-points between 0–48h following 

administration of TNBS. Control mice received vehicle (ethanol) alone and did not show 

significant changes in platelet counts during the study period. N = 104 mice with TNBS-

mediated NEC-like injury and 65 controls. Left inset: Bar-diagram shows the distribution of 

TNBS-treated mice by severity of intestinal injury at the time of euthanasia. Right inset: 
Kaplan-Meier survival curves show that all mice in control group and with mild injury 

completed the 48h study period, but 21/28 pups with moderate injury and 45/63 with severe 

intestinal injury had to be euthanized at earlier time-points in view of physical distress. 

Jonckheere-Terpstra test for ordered alternatives; * P<0.05, ** P<0.01, † (dagger) P<0.001 

vs. control.

Namachivayam et al. Page 11

Pediatr Res. Author manuscript; available in PMC 2017 July 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Platelet volume indices in TNBS-mediated murine NEC-like injury
(a) Frequency histogram shows the distribution of platelets by cell volume, generated by the 

Sysmex XT-2000iV automated veterinary hematology analyzer. The instrument identifies 

platelets between the lower platelet discriminator (LPD, typically 2 fL) and the upper 

platelet discriminator (UPD, typically identified by the instrument between 12–30 fL). 

Platelet distribution width (PDW) is defined as the range of platelet volumes at 20% 

frequency (peak of the frequency histogram = 100%). Platelet-large cell ratio (P-LCR) is the 

proportion of large platelets (>12 fL) in the total platelet population; (b–d) Boxplots show 

platelet volume indices in P10 mouse pups in the control vs. NEC-like injury groups with 

mild, moderate, and severe intestinal injury at the 18h time-point following TNBS exposure: 

panel (b) mean platelet volumes, (c) PDW, and (d) P-LCR. N = 93 mice with TNBS-

mediated NEC-like injury and 65 controls. Jonckheere-Terpstra test for ordered alternatives; 

* P<0.05, † P<0.001 vs. control.
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Figure 3. Circulating immature platelet fraction (IPF) in TNBS-mediated murine NEC-like 
injury
(a) Representative scatter grams from control and TNBS-treated pups show increased 

immature platelets in the IPF gate; (b) Boxplots show the IPF in blood samples from P10 

mouse pups in the control vs. NEC-like injury groups with mild, moderate, and severe 

intestinal injury at the 18h time-point following TNBS exposure. N = 93 mice with TNBS-

mediated NEC-like injury and 65 controls. Jonckheere-Terpstra test for ordered alternatives; 

* P<0.05, † P<0.001; (c) Serial measurements in a small cohort of TNBS-treated mice show 

Namachivayam et al. Page 13

Pediatr Res. Author manuscript; available in PMC 2017 July 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the longitudinal change in IPF during NEC-like injury. N = 10 mice/group. Friedman’s test 

for repeated measurements; * P<0.05, ** P<0.01 vs. control.
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Figure 4. Megakaryocyte number and ploidy in the bone marrow of mice with TNBS-mediated 
NEC-like injury
(a) Boxplots show megakaryocyte counts in the femoral bone marrow of control and NEC-

like injury groups, euthanized 18h after TNBS exposure. N = 10 mice/group. Mann-Whitney 

U test; † P<0.001 vs. control; (b) Megakaryocytes from mouse pups on P10 and adult 

animals, stained with the Wright-Giemsa stain. Magnification = 400×. Scale bar = 10 µm; 

(c) Histograms show the increase in megakaryocyte ploidy during NEC-like injury. FACS 

histograms were obtained on bone marrow megakaryocytes after staining with propidium 

iodide. Data representative of 10 mice/group; (d) FACS histograms show the increase in 

CD41 (platelet glycoprotein α2b) expression on bone marrow megakaryocytes during NEC-

like injury. Data representative of 10 mice/group.
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Figure 5. Platelet counts and IPF in P3 mice with TNBS-mediated NEC-like injury
Boxplots show (a) platelet counts, and (b) IPF in blood samples from P3 mouse pups in the 

control vs. NEC-like injury groups 18h after TNBS exposure. N = 10 mice with TNBS-

mediated NEC-like injury and 5 controls. Mann-Whitney U test; * P<0.05, † P<0.001 vs. 

control.
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Table 2

Platelet volume indices and immature platelets in TNBS-mediated NEC-like injury in P10 pups

Control
(N=65)

Mild
intestinal injury

(N=16)

Moderate
intestinal injury

(N=31)

Severe
intestinal injury

(N=46)

Mean platelet volume [fL; median (range)] 6.6 (6.1–8.3) 7.5 (6.6–7.7) 7.2 (6.5–9.6) 7.6 (6.4–9.9)

Plateletcrit [%; median (range)] 0.60 (0.2–0.8) 0.65 (0.52–0.78) 0.52 (0.26–0.52) 0.26 (0–0.52)

Platelet distribution width [%; median (range)] 5.5 (4.7–7.4) 6.5 (5.4–7.2) 6.5 (5.2–10.6) 7.2 (5.4–10.9)

Platelet-large cell ratio [median (range)] 4 (1.5–8.7) 6.2 (1.4–9.9) 5.9 (2.4–22.3) 11.1 (3.9–24.7)

Immature platelets [× 109/L; median (range)] 46 (14–94) 47.4 (25–87) 28.8 (12–130) 12.4 (4–41)

Immature platelet fraction [%; median (range)] 7.4 (2.9–11.9) 9.4 (5.8–17.7) 9.3 (3.3–33.5) 9.7 (3.3–29.6)
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