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The human fetus starts to hear and undergoes major developmental changes in the auditory system during the third trimester of
pregnancy. Although there are significant data regarding development of the auditory system in rodents, changes in intrinsic properties
and synaptic function of auditory neurons in developing primate brain at hearing onset are poorly understood. We performed whole-cell
patch-clamp recordings of principal neurons in the medial nucleus of trapezoid body (MNTB) in preterm and term baboon brainstem
slices to study the structural and functional maturation of auditory synapses. Each MNTB principal neuron received an excitatory input
from a single calyx of Held terminal, and this one-to-one pattern of innervation was already formed in preterm baboons delivered at 67%
of normal gestation. There was no difference in frequency or amplitude of spontaneous excitatory postsynaptic synaptic currents
between preterm and term MNTB neurons. In contrast, the frequency of spontaneous GABAA /glycine receptor-mediated inhibitory
postsynaptic synaptic currents, which were prevalent in preterm MNTB neurons, was significantly reduced in term MNTB neurons.
Preterm MNTB neurons had a higher input resistance than term neurons and fired in bursts, whereas term MNTB neurons fired a single
action potential in response to suprathreshold current injection. The maturation of intrinsic properties and dominance of excitatory
inputs in the primate MNTB allow it to take on its mature role as a fast and reliable relay synapse.

Key words: auditory brainstem; development; nonhuman primate; synaptic transmission; calyx synapse; MNTB

Introduction
In early brain development, auditory impairment can pro-
foundly affect reading and speaking ability and learning and
memory, all of which are associated with auditory processing
disorders (Downie et al., 2002; Iliadou et al., 2008). Processing of
auditory information begins in the brainstem, where specialized
nuclei decode information regarding the onset and offset of
sounds and their spatial origin (Wible et al., 2005; Grothe et al.,
2010). Function and development of the auditory brainstem have
mostly been studied in species that do not hear at birth, such as
rat, mouse, and cat. In these species, hearing onset occurs 10 –12
d after birth (Cant, 1998; Sonntag et al., 2011). In contrast, in
humans hearing starts in utero. In particular, the third trimester
(�65% of gestational age [GA]) is a critical time period for
growth and maturation of the auditory system (Moore and Jef-

fery, 1994; Hall, 2000). Developmental changes in structures co-
incide with behavioral changes as the human fetus can hear and
react to auditory signals at �65% GA (Querleu et al., 1989;
Moore and Linthicum, 2007). However, little is known about
structural and functional changes to synapses during early devel-
opment in the primate auditory brainstem that are important for
achieving speed, temporal precision, and reliability of sound
transmission required of auditory circuits.

The auditory brainstem responses (ABRs) from preterm and
term baboons indicate that hearing onset takes place �70% GA
(Edwards et al., 1994). The patterns of development of both ABR
waveform morphology and latency were consistent with those
seen in the human neonate, with a rapid maturation of the re-
sponse during the perinatal period, followed by a slower devel-
opment to adult values (Vles et al., 1987; Edwards et al., 1994).
However, to interpret changes in the ABRs in terms of the under-
lying synaptic function requires electrophysiological recordings
at the single synapse level from the developing primate brain. Here,
we studied the intrinsic excitability and synaptic activities of the me-
dial nucleus of trapezoid body (MNTB) neurons in the superior
olivary complex (SOC) from preterm and term baboon neonates.
The SOC acts a pivotal sign inverter in brainstem sound localization.

Materials and Methods
Animals. A total of seven baboon brains, including three term and four
preterm baboons of either sex, were obtained from the laboratory of Dr.
Cynthia L Blanco, Department of Pediatrics. Animals were used in ac-
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cordance with approved University of Texas
Health Science Center, San Antonio Institu-
tional Animal Care and Use Committee proto-
cols. Preterm baboons were delivered at 67% of
gestation at the Texas Biomedical Research In-
stitute in San Antonio. Preterm baboon care
was recently described in detail (Blanco et al.,
2013). Briefly, term baboons were naturally de-
livered (at 185 d GA), whereas preterm ba-
boons were delivered via cesarean section at
125 � 2 d GA (67% of GA) and were intubated
immediately after birth and chronically venti-
lated for a planned survival of 14 d in a neonatal
intensive care unit. Central intravenous lines
were placed shortly after birth for fluid man-
agement and parenteral nutrition. Preterm ba-
boons were treated with corticosteroids,
antibiotics, ketamine, valium, vitamin K, and
blood transfusions (Blanco et al., 2013).

Slice preparation. Brainstem slices were pre-
pared from extracted full-term and preterm
baboon brainstem after necropsy. The brains-
tem was immersed in ice-cold low-calcium
aCSF containing the following (in mM): 125
NaCl, 2.5 KCl, 3 MgCl2, 0.1 CaCl2, 25 glucose,
25 NaHCO3, 1.25 NaH2PO4, 0.4 ascorbic acid,
3 myoinositol, and 2 Na-pyruvate, bubbled
with carbogen (95% O2, 5% CO2; pH 7.3–7.4;
osmolality of 310 –320 mOsm). Transverse
brainstem slices (200 �m thick) were prepared
using a microtome (VT1200S, Leica). After
cutting, the slices were transferred to an incu-
bation chamber containing normal aCSF bub-
bled with carbogen and maintained at 35°C for
30 min and thereafter at room temperature.
Normal aCSF was the same as the slicing aCSF,
but with 1 mM MgCl2 and 2 mM CaCl2.

Electrophysiology. Whole-cell patch-clamp
recordings were performed in normal aCSF at
room temperature (22°C-24°C). Pipette solu-
tion contained the following (in mM): 130
K-gluconate, 20 KCl, 5 Na2-phosphocreatine,
10 HEPES, 5 EGTA, 4 Mg-ATP, and 0.3 GTP,
pH adjusted to 7.3 with KOH. EPSCs or action
potentials (APs) were recorded in normal aCSF
using the voltage or current-clamp mode of the
EPC-10 (HEKA Electronik). Patch electrodes
had resistances of 2.5–3 M�, and the initial uncompensated series resis-
tance (Rs) was �20 M�. Recordings were not corrected for the predicted
liquid junction potential of 11 mV. APs were elicited by current injection
in current-clamp mode or with a bipolar platinum/iridium electrode
placed near the midline spanning the afferent fiber tract of the MNTB.
Postsynaptic currents were measured under whole-cell voltage-clamp
with a holding potential of �70 mV. Data were filtered at 2.9 kHz and
digitized at a 10 –50 �s sampling intervals.

Immunohistochemistry. After electrophysiological recordings, brains-
tem slices (150 –200 �m) were fixed with 4% (w/v) PFA in phosphate
buffer solution (PBS) for 30 min. Free-floating sections were blocked in
4% goat serum and 0.3% Triton X-100 in PBS for 1 h. Primary antibodies
were guinea pig polyclonal anti-vesicular glutamate transporter 1
(VGluT1, 1:3000, Millipore Bioscience Research Reagents), anti-
microtubule associated protein 2 (MAP2, 1:200, Millipore). Staining was
reported by incubation with different Alexa dye-conjugated secondary
antibodies (1:500, Invitrogen) for 2 h at room temperature. Stained slices
were viewed using a 40� oil-immersion objective on a confocal laser
scanning microscope (LSM-510, Zeiss).

Quantification. Cell density was determined by counting the number
of cell bodies visible on the surface of the slice within an area of (100
�m 2). This area is significantly smaller than the area occupied by the

MNTB in all slices analyzed, thus avoiding differences due to cutting
angle or rostral/caudal location. GABAergic inputs to the MNTB were
quantified by counting the number of VGAT puncta on the cell body.
The pattern of GABAergic input to the medial superior olive (MSO) was
quantified by measuring the distance of VGAT puncta to the axis defined
by the line of MSO neurons (Kapfer et al., 2002).

Analysis and statistics. Electrophysiological data were analyzed and
presented using Igor Pro (Wavemetrics). Postsynaptic currents were de-
tected and analyzed with Mini Analysis (Synaptosoft). Histograms of
postsynaptic current amplitude were fit with the sum of Gaussian distri-
butions. Comparisons between mean values were statistically analyzed
using the Mann–Whitney U test for two independent samples. Differ-
ences were deemed statistically significant when p values were �0.05.

Results
Morphological changes in the SOC nuclei of developing
baboon brains
The MNTB was identified as the most medial nucleus along the
auditory fibers after crossing the midline of the brainstem. The
MNTB started at �0.7 mm from midline in preterm and at �2
mm in term baboon. During development, the area occupied by
the MNTB on the surface of the slice more than doubled from
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Figure 1. The MNTB principal neuron: calyx of Held synapse in preterm and term baboon neonates. A, B, The MNTB and the MSO
are distinct nuclei in the SOC in both preterm and term brainstem (red and yellow circles, respectively). Images were taken in
different areas of term auditory brainstem slice under the light microscope (A). Scale bar, 200 �m. Inset, Image of term baboon
brainstem taken by digital camera to indicate the SOC nuclei. LSO, Lateral superior olive. C, MAP2 (red) and VGluT1 (green) staining
in term baboon brainstem. Inset, Expanded fluorescence image of an single MNTB neuron innervated by the calyx terminal in the
MNTB. Scale bar, 20 �m. D, E, MNTB principal neurons were filled with Alexa-568 (red) during whole-cell patch clamp recordings,
fixed and stained for immunoreactivity against VGluT1 (green). Scale bar, 20 �m. F, G, VGAT (red) and VGluT1 (green) staining in
the MNTB in preterm and term baboon brainstems. Circles in box represent VGAT puncta on the surface of MNTB neuron.
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92,000 � 30,400 �m 2 to 196,000 � 24,900 �m 2, whereas the cell
density fell from 14.2 � 1.2 per (100 �m 2) in preterm MNTB to
6 � 0.8 per (100 �m 2) in term MNTB (n 	 6 and n 	 6 slices, p 	
0.002; Fig. 1A,B). This result is comparable with that in the hu-
man auditory system in which rapid growth of the brainstem
occurs during the perinatal period (Moore and Linthicum, 2007).
During this period, the MSO, a dorsoventrally orientated column

of neurons, located laterally to the MNTB
becomes longer and narrower (Fig.
1A,B). Double labeling with MAP2 and
VGluT1 indicates glutamatergic inputs
onto most MNTB and MSO neurons in
term baboon brainstem (Fig. 1C). We
filled MNTB neurons with Alexa-568 dye
during whole-cell recordings and then
fixed and stained the slices for VGluT1
(Fig. 1D,E). MNTB neurons present oval
soma with diameters of 18.3 � 0.9 �m
and 18.9 � 1.5 �m in preterm and term
MNTB neurons (n 	 20 and n 	 6, p 	
0.74). Staining for VGluT1 revealed the
tight axosomatic synapse formed by the
calyx terminal onto the MNTB neuron
with thick finger-like processes (Fig.
1D,E). There was no significant differ-
ence in the shape or size of the calyx ter-
minals between in term and preterm
brainstems. However, staining for the ve-
sicular GABA transporter (VGAT) re-
vealed a reduction in number of VGAT
puncta from 18.4 � 1.25 puncta/cell sur-
face in preterm MNTB neurons to 11.3 �
0.47 puncta/cell surface in term MNTB
neurons (n 	 7 and n 	 4, p 	 0.006; Fig.
1F,G).

In the preterm baboon brainstem, the
MSO displayed strong labeling for VGAT
(red) and weak labeling for VGluT1
(green), whereas in the term baboon the
MSO exhibited strong VGluT1 labeling

on dendrites (Fig. 2A,B). We also found a different pattern of
VGAT distribution in preterm and term baboons. In preterm
MSO, intense staining for VGAT was visible on both cell bodies
and dendrites, whereas in term MSO VGAT puncta are concen-
trated on the column of cell bodies. The mean distance from the
soma of MSO neuron to VGAT puncta was 43.2 � 2.1 �m (n 	
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Figure 2. The spatial pattern of inhibitory inputs to the MSO in preterm and term baboon neonates. A, B, VGAT (red) and VGluT1 (green) staining in the MSO in preterm (A) and term baboon
brainstems (B). Scale bar, 50 �m. VGAT puncta were marked with the circle (area: 430 pixels, mean signal intensity �70, white circles) in the preterm and term MSO. The broken line indicates the
layer of MSO soma for measuring the distance between the MSO soma and VGAT puncta. In preterm MSO, VGAT puncta spread out from MSO soma, whereas VGAT puncta oriented to the layer of MSO
soma in term MSO. Inset, Histogram of VGAT puncta distribution. C, Mean distance of VGAT puncta from the layer of MSO soma in preterm and term MSO. ***p � 0.001.
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280 puncta) in preterm and 27.3 � 1.7
�m in term MSO (n 	 182 puncta, p �
0.0001; Fig. 2C). Thus, similar to other
species with low-frequency hearing (Kap-
fer et al., 2002), significant changes in the
degree of innervation and the spatial pat-
tern of inhibitory inputs to the MSO oc-
cur during the period after hearing onset
in the baboon.

Developmental decrease in MNTB
excitability in baboon brainstem
The resting membrane potentials of
MNTB neurons were �71 � 0.9 mV in
preterm and �70 � 0.6 mV in term ba-
boons (n 	 8 and n 	 8, respectively, p 	
0.29). Minimal currents necessary to elicit
an AP were 145 � 24.6 pA in preterm and
180 � 35.9 pA in term (p 	 0.70). AP
thresholds, determined by the inflection
point, were �44 � 1.1 mV in preterm and
�48 � 2.6 mV in term MNTB neurons
(n 	 8 and n 	 8, p 	 0.31). Short depo-
larizing current injection (500 pA, 2 ms)
evoked a single AP with amplitude of
107 � 2.1 mV and 101 � 4.6 mV (from
the resting potential to the peak of AP) in
preterm and term MNTB neurons (n 	 8
and n 	 8, p 	 0.20; Fig. 3A,B). Although
amplitude and threshold of APs were sim-
ilar, AP half-width decreased by 50% dur-
ing development from 0.86 � 0.11 ms in
preterm to 0.42 � 0.06 ms in term MNTB
neurons (n 	 8 and n 	 8, p 	 0.0009; Fig.
3C). In addition, term MNTB neurons
showed a significantly larger fast after-
hyperpolarization (fAHP) than preterm
MNTB neurons (amplitude of fAHP:
�7.3 � 0.98 mV and �1.3 � 1.02 mV,
n 	 7 and n 	 8, p 	 0.0032; Fig. 3D).

Most term MNTB neurons (6 of 8 re-
cordings) exhibited a phasic firing pattern
with only a single AP in response to a long
suprathreshold current injection (200 pA,
500 ms). In contrast, most preterm
MNTB neurons (5 of 8 recordings) dis-
played a tonic firing pattern with a burst
of APs (80 � 10.8 Hz, n 	 5) in response
to the suprathreshold depolarizing cur-
rent injections (200 pA; Fig. 3E). Possible
reasons for higher excitability in preterm MNTB neurons include
higher input resistance of (163 � 11.2 M� in preterm vs 104 �
13.6 M� in term MNTB, n 	 8 and n 	 6, p 	 0.006; Fig. 3F).
During injection of hyperpolarizing current, preterm MNTB
neurons displayed a prominent depolarizing-sag, suggesting
that immature MNTB neurons express a nonselective
hyperpolarization-activated cation current (Ih) (Banks et al.,
1993; Koch et al., 2004) (Fig. 3E). To compensate for the differ-
ence in input resistance, we compared the size of depolarizing-sag
at the peak hyperpolarization of �82 � 2.3 mV in preterm neu-
rons injected with �50 pA and in term neurons injected with
�100 pA. We observed a significantly larger depolarizing-sag in

preterm neurons (6 � 1.1 mV in preterm and 2.5 � 0.8 mV in
term MNTB neurons, n 	 7 and n 	 7, p 	 0.026, Fig. 3G).

Spontaneous synaptic activities in the MNTB are altered
during late fetal development in baboon brainstem
MNTB principal neurons received glutamatergic inputs from ca-
lyx nerve terminals and glycinergic/GABAergic inputs exhibiting
spontaneous postsynaptic currents (PSCs) in preterm and term
brainstem (Fig. 4A,B). In preterm MNTB, spontaneous PSCs
were heterogeneous with respect to their pharmacological and
kinetic properties. Gaussian fits to histograms of PSC amplitudes
pooled from 13 neurons showed three peaks (Fig. 4A). Based on
the distribution of amplitude and decay time, we identified three
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different groups of PSCs in preterm MNTB neurons. The first
group of PSCs had amplitudes of �41 � 3.2 pA and a fast decay
time constant of 1.7 � 0.2 ms (Fig. 4Bi). The second group of
PSCs had amplitudes of �22 � 1.0 pA and much slower decay
time constant of �71 � 8.2 ms (Fig. 4Bii). The third group of
PSCs showed much larger amplitudes of �82 � 4.0 pA and in-
termediate decay time constants with a mean of 9.8 � 1.5 ms (Fig.
4Biii). In the presence of bicuculline (50 �M) and strychnine (1
�M), blockers for GABAA and glycine receptors, respectively, re-
maining putative excitatory PSCs (EPSCs) had fast decay (Fig.
4C). Conversely, in the presence of NBQX (100 �M), an AMPA
receptor antagonist, remaining putative inhibitory PSCs (IPSCs)
corresponded to the intermediate and slow kinetic groups de-
scribed above (Fig. 4Di,Dii). Consistent with the immunostain-
ing for VGluT1 and VGAT, these data indicate that preterm
baboon MNTB neurons are innervated by both glutamatergic
and glycinergic/GABAergic inputs.

In contrast, term MNTB neurons displayed a single popula-
tion of spontaneous PSCs with mean amplitude of �40.02 � 5.2
pA, 10 –90% rise times of 0.73 � 0.04 ms, and decay time con-
stant (�) of 1.35 � 0.13 ms. The size and kinetics and median
amplitude of PSCs recorded from term MNTB neurons were
similar in size and kinetics to the first group of PSCs described
above for preterm MNTB neurons (Fig. 4E,F). These spontane-
ous PSCs were completely blocked by NBQX (100 �M), indicat-
ing that they were AMPA receptor-mediated EPSCs. Thus,
despite the presence of labeling for VGAT in term MNTB, the
majority of spontaneous PSCs appear to be AMPA receptor-
mediated EPSCs.

In whole-cell current-clamp recordings from term MNTB
neurons, spontaneous synaptic inputs were subthreshold and

MNTB neurons did not fire spontaneous
APs (Fig. 5A). To examine whether synap-
tic input can evoke a postsynaptic AP, we
evoked a presynaptic AP by afferent fiber
stimulation at the brainstem midline.
Evoked EPSCs with an amplitude of 3.0 �
0.27 nA (n 	 3) evoked postsynaptic APs
in term brainstem (n 	 2; Fig. 5B). These
evoked postsynaptic APs displayed a
distinct fAHP followed by after-
depolarization (Fig. 5C). Superimposed
APs evoked at 0.2 Hz showed essentially
no timing jitter of spikes (AP latency;
from stimulus artifact to the peak of AP,
0.7 � 0.15 �s, n 	 2), indicating high fi-
delity of synaptic transmission in term
MNTB-calyx synapses. Term MNTB neu-
rons can also follow 100 Hz stimulation
without postsynaptic AP failure, and the
range of AP latency shift was from 0.85 �s to
1.25 �s during AP train (between the first
and 10th AP; Fig. 5D).

Discussion
Structural and functional maturation of
auditory synapses during early develop-
ment is critical for proper neural circuitry
and for auditory processing in the devel-
oping brain. We characterized intrinsic
properties and synaptic inputs of MNTB
principal neurons in the auditory brains-
tem in term and preterm baboon brains.
During perinatal development after hear-

ing onset, MNTB neurons acquired a phasic firing pattern with a
reduction in input resistance. At the same time, inhibitory inputs
to the MNTB neuron declined and glutamatergic innervation
became the dominant inputs. The transition of inhibitory inputs
during the last trimester was not specific to the MNTB. The MSO
also undergoes the refinement of inhibitory inputs, although in-
hibitory inputs to the MSO persisted in term baboon.

Developmental transitions in inhibitory and excitatory inputs
in the MNTB around hearing onset
Previous immunohistochemical study in the SOC of adult rhesus
monkey demonstrated that the MNTB soma was encircled by a
dense assembly of synaptophysin-positive terminals, which cor-
responded to the calyces of Held (Bazwinsky et al., 2005). In both
preterm and term baboon neonates, the calyx of Held terminal
exhibited thick, finger-like processes, as observed in adult rhesus
monkey. We observed no difference in the morphology of the
calyx terminals or in the size or kinetics of spontaneous EPSCs
recorded in MNTB neurons between preterm and term baboons
(Figs. 1 and 4). This result suggests that glutamatergic innerva-
tion to the MNTB was morphologically and functionally well
developed around hearing onset in preterm baboon. The major
developmental change observed in the MNTB was a reduction of
spontaneous inhibitory inputs. At the beginning of the third tri-
mester, the maturation of glutamatergic synapses in the MNTB
could be critical for achieving the proper transmission of audi-
tory signals in the auditory pathway in the primate.

Rodent MNTB neurons are innervated by glutamatergic in-
puts at E17 (Hoffpauir et al., 2010), and at postnatal day 0 (P0)
GABAergic inputs are major inhibitory inputs in parallel with
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Figure 5. Spontaneous EPSPs, evoked EPSCs, and postsynaptic APs in MNTB neurons. A, Spontaneous EPSPs were recorded in
current-clamp recordings of MNTB neurons at resting membrane potential (�70 mV). Inset, A single EPSP in expanded time scale.
B, Afferent fiber stimulation (at 0.2 Hz) on auditory axon fibers at the midline evoked EPSC in voltage-clamp recordings. C,
Superimposed postsynaptic APs (at 0.2 Hz, 5 APs) in the MNTB neuron under current-clamp recordings. Arrow indicates a stimulus
artifact. D, Postsynaptic AP train evoked by afferent fiber stimulation at 100 Hz.
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glutamatergic inputs. After hearing onset (�2 weeks postnatal in
rodents), a shift from GABAergic to glycinergic transmission is
one of the major postnatal developmental changes in the MNTB
(Turecek and Trussell, 2002; Awatramani et al., 2005). Our re-
sults demonstrate that spontaneous IPSCs in the MNTB are read-
ily detectable at 67% gestation but are significantly reduced or
undetectable in term MNTB neurons, although VGAT labeling of
MNTB neurons is clearly present. Although we do not have evi-
dence of glycinergic immunostaining in the MNTB in baboon
neonates, one possible explanation is that spontaneous (asyn-
chronous) GABA or glycine release may decrease during activity-
dependent refining of inhibitory inputs to the auditory brainstem
after hearing onset. Synaptic inputs compete during formation of
the calyx of Held synapse (Holcomb et al., 2013), and this de-
crease of inhibitory inputs may enhance the safety factor for ex-
citatory neurotransmission at the MNTB.

Changes in intrinsic properties and excitability of MNTB
principal neurons during early development
In term baboon, MNTB neurons exhibited phasic firing with a
larger fAHP and a shorter AP half-width, whereas preterm
MNTB neurons displayed a larger sag-depolarization and fired
bursts of APs in response to constant depolarizing pulses (Fig. 3).
These results were similar to those reported for immature rats
during the first postnatal week (Hoffpauir et al., 2010; Rusu and
Borst, 2011). Preterm MNTB neurons displayed a tonic firing
pattern and a much higher input resistance (Rinput). Age-related
decreases in membrane resistance could be explained by an in-
crease in cell membrane area (Hoffpauir et al., 2010). However,
our immunostaining results showed no difference in the size of
MNTB neurons or in the extent of dendritic development be-
tween preterm and term baboon brainstems (Fig. 1C,D). There-
fore, it is more likely that decreased resistance is due to a
developmental increase in the expression of ion channels. One
candidate is low-threshold voltage-dependent K
 channel (e.g.,
Kv1.2), the expression of which in rodents increases strongly dur-
ing postnatal development (Wang et al., 1998; Dodson et al.,
2002). A developmental increase in low-threshold voltage-
dependent K
 channels would explain the transition of firing
pattern from tonic to phasic and a shorter AP width in term
MNTB neurons. Other possibilities include a compensating in-
crease in a depolarizing conductance, such as a persistent Na


current (Huang and Trussell, 2008, Kim et al., 2010). A large
sag-depolarization during hyperpolarizing current injections in
preterm MNTB neurons might be generated by the activation of
hyperpolarizing-activated (Ih) channels. The combination of low
expression of Kv1.2 and the presence of Ih may contribute to
generate AP bursts during depolarization and a rebound AP after
depolarization in preterm MNTB neurons. In term MNTB neu-
rons, an increase of functional Kv1.2 channels might mask the
role of Ih in regulating the excitability.

A limitation to this study is the influence of environmental
factors during postnatal 2 weeks in preterm baboons. Medica-
tions, hormones, and nutrients were administered to maintain
viability and support normal development, similar to standard
care of preterm human infants. It remains to be determined
whether these changes are due only to gestational differences or
whether standard postnatal care causes abnormal development.
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