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Background: The use of dexamethasone (Dex) in prema-
ture infants to treat or prevent chronic lung disease adversely 
affects neurodevelopment. Recent clinical studies suggest that 
hydrocortisone (HC) is a safer alternative to Dex. We compared 
the effects of Dex and HC on neurotoxicity in newborn rats.
Methods: Rat pups of a neurodevelopmental stage equiva-
lent to premature human neonates were administered Dex or 
HC either as a single dose on postnatal day (PD) 6, repeated 
doses on PD 4 to 6 or tapering doses at PD 3 to 6 by i.p. injec-
tion. Brain weight, caspase-3 activity, and apoptotic cells were 
measured at PD 7; learning capability, memory, and motor 
function were measured at juvenile age.
results: Dex decreased both body and brain weight gain, 
while HC did not. Tapering and repeated doses of Dex increased 
caspase-3 activity, cleaved caspase-3 and terminal deoxynucle-
otidyl transferase dUTP nick end labeling (TUNEL)-positive cells 
but HC, except at high doses, did not. Dex impaired learning 
and memory capability at juvenile age, while the rats exposed 
to HC showed normal cognitive behavior.
conclusion: HC is probably safer to use than Dex in the 
immediate postnatal period in neonatal rats. Cautious extrapo-
lation of these findings to human premature infants is required.

dexamethasone (Dex) has been shown to reduce the inci-
dence and severity of chronic lung disease (CLD) in 

the premature infants; however, its use has been reported to 
adversely affect neurodevelopment, neurocognitive, and behav-
ioral development and associated with higher rates of cerebral 
palsy (1,2). Animal studies have also demonstrated that Dex 
impairs brain function, fetal growth, and neurodevelopment 
(3,4). These concerns have highlighted the need to find a safer 
alternative to Dex for the treatment of CLD. Recently, clinical 
studies reported that postnatal hydrocortisone (HC) treatment 
for CLD may have fewer or no adverse effects on neurodevel-
opment and has been suggested to be a safer alternative to Dex 
(5–7) although these studies did not show any benefits of HC 
against CLD (8). Huang et al. (9) showed that neonatal Dex 
treatment, but not HC, altered hippocampal synaptic plasticity 
and associative memory formation in later life in rats. In con-
trast, Dex and HC increased cell death and induced caspase-3 

activation in a similar dose-dependent manner in cultures of 
embryonic chicken cerebellar granule cells (10). To explore 
this important issue further, we performed the present study 
to evaluate whether different regimens of HC cause neurode-
generation in newborn rats and compared the results to neu-
rotoxic effects of Dex administration. We also tested learning 
and memory capability and motor function at juvenile ages.

RESULTS
Dex, But Not HC, Decreased Body Weight Gain
Neonatal Dex tapering doses (DexTD) exposure significantly 
decreased body weight gain compared with the HC taper-
ing doses (HCTD) and vehicle groups (P < 0.01, Figure 1a). 
Treatment with Dex repeated doses (DexRD) and Dex single 
dose (DexSD) also significantly decreased body weight gain 
compared with the corresponding HC and vehicle groups 
(P < 0.01, data not shown). Conversely, neonatal HCTD expo-
sure, in all three dose (lower, equivalent to Dex, and higher 
dose) groups, did not affect body weight gain compared with 
the corresponding vehicle groups (Figure 1a). Similarly, neo-
natal HC repeated doses (HCRD) and HC single dose (HCSD) 
exposure also did not affect body weight gain (data not shown).

Dex, But Not HC, Decreased Brain Weight
Compared with pups in HCTD and vehicle groups, brain 
weights in DexTD-treated pups were significantly decreased at 
PD7, 1 d after treatment (P < 0.01, Figure 1b). However, treat-
ment with HCTD, across all three dose groups did not affect 
brain weight gain compared with vehicle groups (Figure 1b). 
Treatment with DexRD also significantly decreased brain 
weight compared with the corresponding vehicle groups but 
HCRD did not (data not shown).

Dex, But Not Equivalent Doses of HC Increased Caspase-3 
Activity
There was a significant increase in caspase-3 activity at PD7, 
1 d after treatment with DexTD (P < 0.01, Figure 2a), DexRD 
and a high dose (30 mg/kg) of HCRD (P  <  0.01, Figure 2b) 
compared with vehicle groups. No change was noted in cas-
pase-3 activity at any dose of HCTD (Figure 2a). Single doses 
of Dex or HC did not change caspase-3 activity (Figure 2c).
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Dex But Not Equivalent Dose of HC Increased TUNEL-Positive 
Cells
There was a significant increase in TUNEL-positive cells in 
the cortex and hippocampus after DexTD as well as in cortex 
following higher doses HCTD (HCTDHD) compared with the 
corresponding vehicle groups (P < 0.01, Figure 3). On the con-
trary, HCTD in lower doses (HCTDLD) or middle (equivalent 

to DexTD) doses (HCTDED) did not increase TUNEL-positive 
cells (Figure 3).

Dex Increased Cleaved Caspase-3-Positive Cells But Equivalent 
Doses of HC Did Not
There was a significant increase in cleaved caspase-3-positive 
cells in the cortex and hippocampus after DexTD as well as in 
the cortex following HCTDHD compared with the correspond-
ing vehicle groups (P < 0.01, Figure 4). Conversely, HCTDLD 
or HCTDED did not increase cleaved caspase-3-positive cells 
(Figure 4).

Dex, But Not Equivalent Doses of HC Induced Learning and 
Memory Deficits
Passive avoidance test results are shown in Figure 5. The num-
ber of electric foot shocks before rats found the safe board 
was significantly increased in the DexTD group (7.5 (5.5, 
10), P < 0.01) but this increase was not seen in the HCTDED 
group (4 (3, 7.3)) when compared with the vehicle group (4 (3, 
5), Figure 5a). DexTD reduced the retention latency to step 
down from the safe board (48.5 (33, 112), P < 0.05) as com-
pared to the control (120 (110, 120)) but HCTDED did not (120 
(61, 120), Figure 5b). Neither DexTD nor HCTDED affected 
the motor coordination and balance of rats as determined by 
rotarod at PD27 and PD28 (Figure 5c,d).

DISCUSSION
In this study, we compared the effects different regimens of 
Dex and HC on the neonatal rat brain. We confirmed that 
Dex, at all doses, significantly decreased the gain in body and 
brain weight, while HC did not. Both tapering and repeated 
doses of Dex significantly increased caspase-3 activity, cleaved 
caspase-3- and TUNEL-positive cells in the developing brain. 
Although, similar to DexTD, HCTD at high dose did cause 
increased TUNEL- and caspase-3-positive cells; HC, in doses 
equivalent to or lower than Dex, did not induce significant 
apoptotic changes. Our study further elucidates that Dex 
impaired learning and memory capability in later life, while 
the rats exposed to an equivalent dose of HC showed normal 
cognitive behavior.

Figure 1. DexTD, but not hydrocortisone tapering doses (HCTD) 
decreased body and brain weight in rat pups. (a) The effect of DexTD 
(open circles) and HCTD (triangles and squares) on body weight gain in 
rat pups. HCTD, at any dose had no effect on body weight gain com-
pared with the vehicle (closed circles). DexTD-treated rats had lower 
body weight gain than the vehicle and HCTD. Data are presented as 
mean ± SEM. n = 6/group, **P < 0.01 vs. vehicle and HCTD. (b) The effect of 
DexTD and HCTD on brain weight in rat pups. Brain weight was measured 
at PD7. HCTD at any dose had no effect on brain weight compared with 
vehicle. Treatment with DexTD significantly decreased brain weight com-
pared with HCTD and vehicle. Data are presented as mean ± SEM. n = 8/
group, **P < 0.01 vs. HCTD and vehicle.
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Figure 2. Effects of Dex and hydrocortisone (HC) on caspase-3 activity in the pup brain cortex. Analyses were performed 24 h after treatment at PD7. 
Response to DexTD and HCTD (a), DexRD and HCRD (b), and the dose–response curve after different single doses of HC (c) are shown. DexTD and DexRD 
significantly increased caspase-3 activity compared with vehicle. HCRD at high dose (30 mg/kg) significantly increased caspase-3 activity compared with 
vehicle but middle and lower doses did not. HCTD and HCSD treatment at any dose or DexSD did not change caspase-3 activity compared with vehicle. 
Data are presented as mean ± SEM. n = 5–13/group, *P < 0.05 vs. vehicle. HCTD, hydrocortisone tapering doses.
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Figure 3. Immunofluorescence analysis of TUNEL-positive cells in cerebral cortex and hippocampus in the pup brain. Representative images of cortex 
and hippocampus in pup treated with vehicle (a,d), DexTD (b,e), and HCTDED (c,f) are shown. TUNEL-positive nuclei are green and cells counter-
stained with propidium iodide (PI) are red. Vehicle- and HCTD-treated brain showed few TUNEL-positive cells, while treatment with DexTD increased 
 TUNEL-positive cells. Quantification of the number of TUNEL-positive cells in the brain cortex and hippocampus are shown in (g). There was a significant 
increase in TUNEL-positive cells in cortex and hippocampus after DexTD as well as in cortex following HCTDHD compared with vehicle. HCTDLD or HCTDED 
did not increase TUNEL-positive cells. Data are presented as mean ± SEM. n = 8/group, **P < 0.01 vs. vehicle. Images were captured using a 20× objective, 
scale bar = 50 μm. HCTD, hydrocortisone tapering doses.
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Figure 4. Immunofluorescence analysis of cleaved caspase-3 in cerebral cortex and hippocampus in the pup brain. Representative images of cortex 
(a–c) and hippocampus (d–f) in pup treated with vehicle (a,d), DexTD (b,e), and HCTDED (c,f) are shown. Cleaved caspase-3-positive cells are red and 
nuclei counterstained with DAPI are blue. Vehicle- and HCTD-treated brain showed very low levels of staining for cleaved caspase-3, while treatment with 
DexTD produced robust cleaved caspase-3 staining. Quantification of the number of cleaved caspase-3-positive cells in brain cortex and hippocampus 
are shown in (g). There was a significant increase in cleaved caspase-3-positive cells in cortex and hippocampus after DexTD as well as in cortex following 
HCTDHD compared with vehicle. HCTDLD or HCTDED did not increase cleaved caspase-3-positive cells (P > 0.05). Data are presented as mean ± SEM. n = 8/
group, **P < 0.01 vs. vehicle. Images were captured using a 20× objective, scale bar = 50 μm. HCTD, hydrocortisone tapering doses.
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In our previous studies, we have investigated and discussed 
the adverse effects of Dex on body weight and brain weight, cas-
pase-3 activity, and apoptotic changes (11). The current report 
explores the differences between Dex and HC. We observed 
that HC did not reduce body weight or brain weight. These 
results are consistent with observations reported in human 
infants. In a retrospective study, a tapering course of Dex for 21 
d was associated with reduced weight gain, but the weight gain 
of infants receiving HC therapy was comparable to controls, 
however head circumference in both treatment groups was 
lower after therapy (5). On the contrary, in a prospective study 
of preterm infants, neonatal HC did not reduce cerebral tissue 
volumes at term equivalent age as measured by a 3D-MRI (6). 
Furthermore, we showed that all three regimens of HCTD did 
not increase caspase-3 activity. However, repeated high doses 
of HC (30 mg/kg) increased caspase-3 activity. Additionally, 
similar to DexTD, HCTD at high dose did cause apoptotic 
changes in the form of increased TUNEL- and caspase-3- 
positive cells. Tapering doses of HC in the middle or lower 
range did not induce apoptosis. In an in vitro study, Aden et al. 
(10) reported that HC has similar neurotoxic effects as Dex on 
neurons in the immature chicken cerebellum, but similar to 
another in vivo study (9) our results suggest that HC is safer 
than Dex. Our findings are also consistent with clinical studies. 
HC had no effect on brain growth, measured at term equiva-
lent age after treatment of CLD (6). In another study involving 

60 premature infants followed up at 8 y of age, perinatal HC 
had no long-term effects on either neurostructural brain devel-
opment or neurocognitive outcome (7). Our study showed that 
Dex exposure during the neonatal period impaired learning 
and memory capability at the juvenile age. These findings are 
in accordance with other studies. For example, tapering treat-
ment with Dex in neonatal rats showed impaired performance 
in both the multiple and single trial hidden platform versions 
of the Morris maze that address both reference and working 
memory at adulthood, respectively (12). Animal performance 
in the visible platform version was normal which indicated 
that sensorimotor and motivational functions were not altered. 
Therefore, the authors concluded that impaired performance 
in hidden platform versions of the Morris maze clearly pointed 
to a cognitive deficit in Dex-treated rats (12). Furthermore, 
DeKosky et al. (13) examined behavior at PD60 after neonatal 
treatment, Dex-treated animals showed impaired acquisition 
and reversal of a spatial learning task in an open field water 
maze. These deficits are characteristically seen in animals with 
hippocampal damage. Many clinical studies have shown the 
adverse effects of Dex at school age (1,2). Limited information 
is available about the neurodevelopmental outcome at adoles-
cent age. Jones et al. (14) evaluated neurological, psychologi-
cal, and educational outcomes at 13–17 y in subjects enrolled 
in a randomized, controlled trial of Dex in neonatal CLD. 
There was no clear difference between the Dex and placebo 

Figure 5. Neonatal DexTD, but not HCTDED, induced learning and memory deficits as determined by passive avoidance at PD25 and PD26 (a,b). Neonatal 
DexTD and HCTDED treatment, did not affect coordinated motor ability as determined by rotarod at PD27-PD28 (c,d). Data are presented as median (25th 
percentile, 75th percentile). n = 11–14 rat pups for each group, *P < 0.05, **P < 0.01 vs. vehicle. HCTD, hydrocortisone tapering doses.
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group. However, the original study was not designed with 
enough power to evaluate the neurodevelopmental outcome 
at a later age, and there was a significant overlap of open-label 
use of Dex between the two groups. In summary, animal stud-
ies evaluating behavioural changes following glucocorticoids 
(GCs) exposure are done in older animals. But, clinical studies 
lack evidence of delayed effects at the later age. Consequently, 
we decided to use juvenile rats to evaluate behavior instead of 
older animals used by other researchers to find a bigger dif-
ference between Dex and HC if present. The present study 
showed that Dex did not affect motor function by rotarod tests. 
There were no adverse effects on coordination, balance, learn-
ing, and memory following HC treatment. These results are in 
agreement with the study of Huang et al. (9), which reported 
that Dex treatment alters the hippocampal synaptic plasticity 
and associative memory formation in later life but HC did not. 
Similarly, clinical reports show that HC-treated infants have 
significantly better school performance in comparison with 
their Dex-treated counterparts at 5–7 y of age (5).

Use of GCs in premature infants in clinical settings is con-
troversial, beyond the scope of this article and discussed in 
detail elsewhere (15,16). Briefly, HC in low doses is used for 
hypotension in extreme premature infants, while Dex and HC 
in different doses as well as for different durations are used for 
the prevention and treatment of CLD. Tapering doses of Dex 
used in the present study closely mimic a clinically relevant 
prolonged 42-d treatment regimen (3). The starting dose of 
15 mg/kg HC is almost equivalent to the glucocorticoid activ-
ity of 0.5 mg/kg Dex (17). In clinical settings, HC regimens 
include 5 mg/kg/d for 1 wk, then tapering course over 3 wk (6), 
or 2 mg/kg/d for 2 d, 1.5 mg/kg for 2 d and 0.75 mg/kg/d for 6 
d (18) or 1 mg/kg/ for 9 d, then 0.5 mg/kg/d for 3 d (16). The 
tapering course of HC in animal experiments was 5 mg/kg on 
PD1, 3 mg/kg on PD2, and 1 mg/kg on PD3 (9). We studied 
three tapering doses including higher, middle (equivalent to 
Dex), and lower doses as well as single and repeated doses of 
HC. The higher dose is a toxic dose which is over sixfold higher 
than the usual clinical doses. The middle dose (equivalent to 
Dex) is still higher than the usual doses and the lower dose are 
the closest to the currently used HC doses in infants. In the 
present data, the apoptotic neurodegeneration studies do not 
show any adverse effects after neonatal HC exposure even at 
doses higher than the usual doses used clinically.

Why is neonatal treatment with HC less neurotoxic than 
Dex? Potential reasons include their different GC activity, 
half-life, and receptor affinities. Dex has a higher glucocorti-
coid-mediated than mineralocorticoid-mediated activity and 
longer biological half-life compared with HC. HC, which is 
identical to native cortisol, can bind to both mineralocorti-
coid and glucocorticoid receptors or binds preferentially to the 
mineralocorticoid in the brain, whereas Dex binds only to glu-
cocorticoid receptors or preferentially to glucocorticoid recep-
tors (13). A report by Heine and Rowitch (19) on the complex 
interplay between GCs and the sonic hedgehog (Shh) signaling 
pathway in proliferating cerebellar granule neuron precursors 
in postnatal mice sheds light on the relative safety of HC in the 

developing brain. Shh signaling induced 11β-hydroxysteroid 
dehydrogenase type 2 (11βHSD2), a NAD-dependent high-
affinity enzyme. 11βHSD2 is involved in the local metabolic 
inactivation of endogenous GCs like HC into inert 11-keto 
derivatives but has no effects on synthetic GCs like Dex. Thus, 
11βHSD2 antagonized the antiproliferative and apoptotic 
effects of 11βHSD2-sensitive HC but not Dex on proliferating 
mouse cerebellar granule neuron precursors (19).

A cautious approach is needed before directly extrapolat-
ing our findings in newborn rats to human premature infants. 
Additionally, further animal studies evaluating the effect of HC 
on neurogenesis, myelination, and synapses would be helpful. 
While, the therapeutic efficacy of HC to treat or prevent CLD 
is debatable, the present studies and previous clinical reports 
serve to indicate that HC treatment is probably safer than Dex 
in the neonatal brain. Due to the concern of adverse effect on 
neurodevelopment, the use of Dex has dropped dramatically to 
~10% of the preterm infants at risk for CLD (20), which is asso-
ciated with increased rate of severe CLD (21). Current evidence 
strongly suggests that the benefits of early or late postnatal 
corticosteroid treatment, particularly Dex, may not outweigh 
the known or potential adverse effects of the treatment (8,22). 
Some clinicians have started to use HC, as an alternative for 
Dex, but there is a lack of literature supporting this practice; 
there are no placebo-controlled randomized trials that investi-
gated the use of HC. A large multicenter trial investigating early 
prophylactic HC treatment in premature infants was stopped 
prematurely for concern for excess gastrointestinal perforation 
showed benefit of HC in a subgroup of infants born after cho-
rioamnionitis (23), the decision debated by the experts (24,25).

In conclusion, Dex but not the equivalent dose of HC, signif-
icantly decreased the weight gain of body and brain, induced 
apoptosis in neonatal rats, and impaired learning and memory 
capability at juvenile ages. We recommend further animal 
experiments and also support a large, multicenter, random-
ized, placebo-controlled, prospective trial to study the efficacy 
as well as short and long-term safety of HC as a rescue therapy 
of CLD in human premature infants.

METHODS
Animals
All experiments were approved by the University of Mississippi institu-
tional committee on animal use. Gestationally timed pregnant Sprague-
Dawley rats (n = 27, Charles Rivers, Wilmington, MA) were housed in 
our animal unit and maintained in accordance with the US National 
Institutes of Health (Bethesda, MD) guidelines. According to differ-
ent experiments, majority of pups were killed by cervical dislocation; 
brains were dissected, weighed, and stored at −80 °C for caspase-3 
activity measurements; the rest of pups were anaesthetized and received 
transcardiac perfusion for TUNEL staining and immunohistochemis-
try analysis. In another experiment, pups were allowed to grow for 28 
d for behavioral tests. Although the evidence suggests that sex is not a 
factor affecting brain weight and neurological outcome following neo-
natal Dex exposure at PD7 (4,11), we divided male and female pups in 
similar numbers in DexTD, HCTD, and vehicle groups. We pooled data 
because the findings in males and female rats were similar.

Drug Treatment
The day of birth was designated as PD1. On PD2, each litter was 
culled to 10 or 12 pups per litter, sexed, and randomly divided to 
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three groups: vehicle (n = 82), HC (n = 143), and Dex (n = 57) treated 
groups. Animals received one of the three different regimens of Dex 
phosphate (American Regent, Shirley, NY) or HC (Pharmacia & 
Upjohn, NY). Rat pups in the DexTD group received Dex on PD3 
to PD6 (0.5, 0.25, 0.125, and 0.06 mg/kg/d, respectively). Rat pups 
received HCTD in the three different ranges on PD3 through PD6: 
HCTDLD: 7.5, 3.8, 1.9, and 0.9 mg/kg/d; HCTDED: 15, 7.5, 3.8, and 
1.9 mg/kg/d and HCTDHD: 30, 15, 7.5 and 3.8 mg/kg/d, respectively. 
For repeat doses: animals received 0.5 mg/kg/d of Dex (DexRD) or 5, 
15 and 30 mg/kg/d of HC (HCRD) on PD4 to PD6, respectively. For 
single-dose groups, animals received 0.5 mg/kg of Dex (DexSD) or 
15, 30, and 60 mg/kg of HC (HCSD) on PD6. Animals in the corre-
sponding vehicle groups received equivalent volumes of saline. These 
doses and modes of administration were chosen from previous stud-
ies (3,9,26). The typical total dose of HC of 5–20 mg/kg equates to 
~0.2–0.6 mg/kg of Dex (17). The anti-inflammatory effect of 20 mg of 
HC is equivalent to 0.6 mg of Dex (17).

Measurement of Weights of Body and Brain
Pups were weighed before, during and 1 d after treatment (PD7). Pup 
brains were weighed at 1 d after treatment (PD7).

Measurement of Caspase-3 Activity
Caspase-3 activity was measured as described previously (11) at 1 d 
after treatment at PD7 in all groups. The brain cortex was homog-
enized and caspase-3 activity was measured using commercially 
available assay kits (Calbiochem, San Diego, CA) following the 
manufacturer’s instructions. Caspase-3 activity was determined col-
orimetrically with a microplate reader at 405 nm. A p-nitroanilide 
(pNA) calibration curve was established to quantify units of caspase-3 
activity. The protein concentration was determined by the method of 
Bradford (27).

Preparation of Brain Specimens
Brain specimens from DexTD, HCTD, and vehicle groups were pre-
pared as described previously (11). At PD7, pups were anesthetized 
with pentobarbital and received transcardiac perfusion with ice-
cold saline and then with 4% paraformaldehyde in PBS. Brains were 
removed and immersed in 10% formalin and then cryoprotected and 
rapidly frozen by 2-methylbutane chilled in liquid nitrogen. Coronal 
brain was cut into 10-μm-thick sections and stored at −80 °C for 
future analysis.

Immunofluorescence Analysis
Apoptotic cell death was visualized using TUNEL staining and per-
formed using ApopAlert DNA Fragmentation assay kit (Clontech, 
Mountain View, CA) for immunofluorescence according to manu-
facturer’s instructions. Immunofluorescence analysis for cleaved 
caspase-3 was performed under standard protocols as described by 
manufacturer’s instructions. Antibodies included rabbit anti-cleaved 
caspase-3 (1:200; Cell Signaling Technology, Danvers, MA) and anti-
rabbit IgG conjugated with Cy3 (1:200; Jackson immnoReseach, West 
Grove, PA).

Cell Counting
The numbers of TUNEL and caspase-3-positive cells were counted 
under fluorescent microscopy at a 200× magnification in the brain 
sections at the bregma level and the middle dorsal hippocampus level. 
For all brain sections, anatomical landmarks were identified accord-
ing to the atlas of Paxinos and Watson (28). The number of positively 
stained cells from 10 different fields in frontal cortex sections was 
averaged for each brain. For convenience of comparison, the results 
were converted to cells per mm2.

Learning and Memory Testing
To test learning and memory capabilities in DexTD, HCTDED, and 
vehicle-treated rat pups, the method of passive avoidance was used 
as described by Fan et al. (29) at PD 25–26. The passive avoidance 
procedure consists of two sessions. In the first session (PD25), rats 
were trained in a step-down type of passive avoidance apparatus. 
The experimental chamber (30 × 30 × 40 cm3) was made of plexiglass. 
The floor of the chamber was made of parallel 2-mm-caliber stain-
less steel rods spaced 1 cm apart and connected with an electric shock 

generator. The safe part was a piece of wood board (7.5 × 16 × 2 cm3) 
placed at a corner of the chamber above the metal rods. Each animal 
was placed initially on the safe platform. When the rat stepped down 
onto the floor, it received a foot shock (1 s, 0.5 mA). Rats repeatedly 
stepped up and down and eventually remained on the board. The 
number of shocks required to retain an individual animal on the 
board for 2 min was recorded as a measure of acquisition of pas-
sive avoidance. The second session was carried out 24 h after the first 
session (PD26). The rat was placed on the safe board and steel rods 
were not connected with the electric shock generator. The retention 
latency, i.e., the time elapsed before the rat stepped down to the grid 
floor, was recorded as a measure of the retention of passive avoidance. 
If the rat did not step down to the grid floor within 2 min, a ceiling 
score of 2 min was assigned.

Neurofunctional Assessment
Motor coordination was evaluated with rotarod tests (Rotamex, 
Columbus Instruments, Columbus, OH) at PD 26–28 d in DexTD, 
HCTDED, and vehicle groups. Rotarod testing was conducted as pre-
viously described with modifications (30). The animals were trained 
with accelerated speed from 4 to 10 rpm for a maximum of 5 min at 
PD26. The rats then were subjected to two trials at PD27 and PD28. 
The animals were placed in individual lanes with dark Plexiglas spac-
ers between them and the rotarod was set at 25 rpm. Latency to first 
fall was recorded for each animal. For each animal, the trial was com-
pleted after 180 s.

Statistical Analysis
Ordinal variables were compared using Kruskal–Wallis ANOVA on 
Ranks. Other variables were expressed as mean ± SEM. The differ-
ence was determined by one-way ANOVA and Holm–Sidak method. 
Sigma Plot 2004 for Windows Version 9.01 (SigmaPlot, Systat 
Software, San Jose, CA) was used for statistical tests. Differences were 
considered significant at P < 0.05.
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