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Abstract 
This study aimed to demonstrate successful protection of episodic memory function by intranasal instillation of neuroprotective peptides 

delivered prophylactically using a rodent model. Aerospace professionals frequently experience hypoxia, which may be preceded or followed by 
hyperoxic exposure. These conditions have both short- and long-term impacts on neurological and cognitive functions, resulting in impairments of 
spatial and working memory, concentration, and attention shifting. To test memory protective activities of ADNP-8 (also known as NAP/Davunetide) 
and Semax under hypoxic conditions, male Sprague-Dawley rats were treated with one of these peptides daily for four weeks. During the last five 
days of peptide treatment, rats were exposed daily to normobaric hypoxia (7.5% O2) or oscillatory hypoxia-hyperoxia (10 cycles of 95% ↔ 5% 
O2). Episodic memory performance was assessed using the novel object recognition (NOR) test immediately after the exposure. Rats exposed to 
hypoxia or oscillatory hypoxia-hyperoxia showed impaired performance in the NOR test, which could be prevented by ADNP-8 or Semax treatment. 
Consistent with the physiological effect of hypoxia, blood haemoglobin and erythropoietin levels were significantly altered in all exposed animal 
groups, independent of the exposure conditions or the peptide treatments they received. ADNP-8, but not Control Peptide, was able to abolish the 
change in VEGF and erythropoietin in hypoxia- and oscillatory-exposed rats, respectively. On the other hand, the changes in episodic memory seem 
to be unrelated to overt damage in the blood-brain barrier, since no significant change in the S100B level was detected in any experimental group 
with hypoxia/hyperoxia exposure. These results suggest that intranasal administration of neuroprotective peptides may be used as prophylaxes to 
prevent the impairment of episodic memory induced by hypoxia and oscillatory hypoxia-hyperoxia.

Keywords: ADNP-8, Semax, Hypoxia, Hyperoxia, Episodic memory, Novel Object Recognition, Hemoglobin, Erythropoietin, Vascular Endothelial 
Growth Factor

Introduction
Hypoxia is a condition of inadequate oxygen supply to the 

cells, tissues, or organs in the body. It may result from poor 
diffusion of oxygen across the pulmonary epithelium due to a low  

 
partial pressure of oxygen (ppO2) in the inspired air [1]. Oxygen 
availability decreases with the declines of barometric pressure 
(BP) as altitude increases. For example, at sea level, BP is 760 mm 
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Hg (normobaric) and the ppO2 is 159 mm Hg, but at 3,048 m above 
sea level, BP is 523 mm Hg (hypobaric), and ppO2 is 110 mm Hg. 
Hypobaric hypoxia is a persistent threat for military personnel [2,3]. 
Pilots and aircrews utilize a variety of airborne vehicles including 
unpressurized helicopters operating below 3,048 m, fighters that 
fly above 7,620 m, with positive-pressure, supplemental oxygen, 
and surveillance aircrafts that can reach altitudes above 21,336 
m, requiring fully pressurized suits similar to astronauts [2,3]. The 
lack of sufficient oxygen induces a cascade of molecular, cellular 
and physiological responses aimed to restore oxygen delivery and 
utilization in tissues [4]. Low oxygen availability impairs brain 
function; acute hypoxia degrades cognitive performance and motor 
tasks, while sustained hypoxia can cause lasting impairments of 
memory function, concentration, attention shifting, and motor 
control [5]. Cognitive impairment has been demonstrated at 
simulated altitudes from 2,438 m to 10,000 m [6, 7]. Negative 
impacts on pilots’ performance and cognitive functions have been 
observed, despite the subjects affected reporting confidence in 
their abilities [8]. Furthermore, memory deficits persisted after 
returning to sea level [9]. Since deterioration of psychomotor 
performance starts at 2,438 m, commercial aircraft cabins are 
pressurized to simulate lower altitudes. On the other hand, military 
aircrafts are pressurized to a lesser extent and are more susceptible 
to a loss of cabin pressure, thus requiring oxygen supplementation 
to prevent the adverse effects of hypoxic events [10]. The percent of 
oxygen in the supplemental air is increased with the altitude up to 
12,192 m, above which positive pressure breathing of 100% oxygen 
is necessary [11], but hypoxic mishaps still occur, most commonly 
resulting from faulty oxygen delivery at altitudes between 3,000 
and 6,000 m [12,13]. In order to recover from a hypobaric hypoxia 
event, a pilot is expected to descend to a lower altitude (that 
has a higher BP) and/or increase the amount of oxygen in the 
inspired air, often to 100%. Breathing pure oxygen may resolve the 
symptoms of hypoxia, but it can also result in hyperoxia, a condition 
of excess oxygen in the tissues. Extended exposure to high oxygen 
levels can cause oxygen toxicity that damages the respiratory tract. 
The effects of hyperoxia on the nervous system increase with 
time, beginning with small muscle twitching, followed by vertigo, 
nausea, clumsiness, and then convulsions [14]. Both hypoxia and 
hyperoxia can induce cellular oxidative stress by increased levels 
of reactive oxygen species, resulting in cellular damage and altered 
tissue functions [15,16]. Brief exposure to 100% oxygen, however, 
reverses hypoxia and may have immediate, short-term, cognitive 
benefits including improved memory and reaction time [17, 18].

Given the prevalence of hypoxic events in the military setting 
[14], it is of interest to develop new methods or agents that can 
prevent the adverse effect of hypoxia on memory performance in 
order to improve the resilience of pilots and aircrews against this 

stressor. Herein we report on the potential of two neuroprotective 
peptides to prevent such negative effects on cognition. The 8-amino 
acid fragment of activity-dependent neuroprotective protein 
(ADNP-8, also known as NAP or Davunetide) can ameliorate 
oxidative stress and stabilize microtubules, thereby preserving 
neuronal viability and functions [19]. Semax is a synthetic analogue 
of residues 4-10 of the adrenocorticotropic hormone (ACTH); 
it likely exerts its neuroprotective activities by modulating the 
expression of neurotrophic and/or immune factors [20,21]. These 
peptides were administered prophylactically to Sprague-Dawley 
rats, by intranasal instillation, a method commonly used to target 
the central nervous system and successfully used for both Semax 
and ADNP-8 [22,23]. The peptide-treated rats were exposed daily to 
normobaric atmospheres with altered oxygen content: 60 minutes 
of hypoxia (ppO2 = 57 mm Hg) or 10 cycles of oscillating hypoxia-
hyperoxia (ppO2 = 722 mm Hg ↔ ppO2 = 38 mm Hg), during the 
last five days of peptide treatment. Learning and memory were 
tested using the novel object recognition (NOR) test immediately 
following hypoxic/oscillatory exposure, on the last two days of 
the 5-day exposure period. NOR test is a common behavioural test 
used to assess the formation and retrieval of episodic memory of 
rodents, taking the advantage of their innate curiosity for exploring 
a novel stimulus. Physiological markers of hypoxic response and 
organ injury were examined, including hematocrit, haemoglobin, 
S100 calcium binding protein (S100B), erythropoietin (EPO), 
vascular endothelial growth factor (VEGF), angiotensin II; 
1,3-bisphosphoglyceric acid (1,3-BPG) and 2,3-bisphosphoglyceric 
acid (2,3-BPG), for evaluating the correlations with the result of the 
NOR test. While rats subjected to hypoxia or oscillatory hypoxia-
hyperoxia showed impaired NOR performance, ADNP-8 treatment 
effectively protected memory performance of rats subjected to 
hypoxic or oscillatory hypoxic-hyperoxic exposure. On the other 
hand, Semax treatment had a slightly different protective profile 
towards these exposure conditions. While it can protect against 
oscillatory hypoxia-hyperoxia, its effect against hypoxia is highly 
evident and reached a positive trend. The result of physiological 
markers analysis confirmed the effect of hypoxia/hyperoxia 
and suggests that some of these physiological responses may 
be modulated by peptide treatments. In summary, these results 
demonstrated that prophylactic treatment of ADNP-8 or Semax can 
successfully protect episodic memory function of Sprague-Dawley 
rats.

Materials and Methods

Animals and Husbandry

The study protocol was approved by the Wright-Patterson Air 
Force Base Institute of Research, Institutional Animal Care and Use 
Committee (IACUC), and by the U.S. Air Force Surgeon General’s 
Office of Research Oversight and Compliance. The experiments 
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reported herein were conducted in compliance with the Animal 
Welfare Act and in accordance with the principles set forth in 
the “Guide for the Care and Use of Laboratory Animals,” Institute 
of Laboratory Animal Research, National Research Council, 
National Academies Press, 2011. They were conducted in a facility 
accredited by the Association for the Assessment and Accreditation 
of Laboratory Animal Care (AAALAC).

The animal subjects were Specific Pathogen Free (SPF), Male, 
Sprague-Dawley Rats (Rattus Norvegicus), CRL: CD (SD) (Charles 
River Laboratories, Wilmington, MA). They were 6 weeks old on 

arrival and placed in quarantine for 2 weeks while being tested 
for ten specific rodent pathogens. They were examined visually at 
least twice per day during the study for signs of distress. Only males 
were used to avoid the compounding effect of estrous cycles and 
gender-specific behavioural differences and responses to hypoxia. 
Rats were socially housed (2/cage) in clear plastic cages with 
conventional bedding (CellZorb, Cincinnati Lab Supply, Cincinnati, 
OH) and provided tunnels, nesting material, and nylon bones for 
enrichment. Food (LabDiet Formulab Diet 5008, Cincinnati Lab 
Supply) and water were freely available. The animal rooms were 
climate-controlled with a 12-h light/dark cycle (lights on at 0600).

Figure 1: Experimental Design. Each vertical rectangle represents one day. Sprague-Dawley rats were treated daily with one of the peptides 
tested (Control, ANDP-8 or Semax) from Day 1 to Day 28. Hypoxic or oscillating hypoxic-hyperoxic exposure of animals were from Day 24 to Day 
28. Memory performance, assessed using the novel object recognition (NOR) test, was conducted at Days 27 and 28, for training and testing, 
respectively. Collection of samples for biochemical analyses was performed at Day 31.

Experimental Design 

The study was conducted in 2 separate experiments, according 
to the exposure conditions: hypoxia and oscillatory hypoxia-
hyperoxia, and both experiments contained three (3) peptide 
treatment groups, Control Peptide, ADNP-8 and Semax (see Peptide 
Treatment section below for details). Eight rats were assigned to 
each group (using a computerized random number generator), and 
treated daily by intranasal administration of the respective peptide 
for 28 days. During the last five days of the peptide treatment 
period, rats were exposed daily to normobaric hypoxia or 10 cycles 
of normobaric oscillatory hypoxia-hyperoxia (see Hypoxic and/
or Hyperoxic Exposures section below for details). Habitation of 
animals to the NOR test environment was performed at Days 22-26 
(i.e. 1-5 days before NOR testing). On the last two days of exposure, 
NOR training and testing were performed. Naïve Control rats (with 
no exposure and no peptide treatment) were included in both 
experiments as reference for evaluation of the effects of exposure 
and peptide treatment. Thus, each experiment contained four 
animal groups: Naïve Control and three exposed groups treated with 
Control Peptide, ADNP-8 or Semax. All animals were euthanized at 
Day 31 (three days after the NOR test) for sample collection. Days 

with multiple tasks were handled in the following order: peptide 
treatment, hypoxic/oscillatory exposure, and habituation/NOR 
test. The experimental design is shown in Figure 1. 

Peptide Treatment

Peptides used in this study were custom-synthesized, with a 
purity of >98%. ADNP-8 and Semax were supplied by Selleckchem 
(Houston, TX). The Control Peptide (supplied by Thermo Fisher 
Scientific, Carlsbad, CA) is an empirically designed 9-mer peptide, 
which only contains small amino acids glycine and alanine and 
is expected to have minimal biological activity. The information 
of these peptides is summarized in Table 1. The peptides were 
dissolved in phosphate buffered saline, pH 7.0 (PBS) (Thermo), at 
1.25 mg/mL (ADNP-8) or 6.25 mg/mL (Semax and Control Peptide) 
and administered daily to the corresponding groups for 28 days 
by intranasal instillation. The dose volume for each rat (0.02 mL) 
was calculated weekly based on individual body weight (BW) and 
divided evenly between the two nares.

Hypoxic and/or Hyperoxic Exposures

Exposure of rats to normobaric hypoxia or oscillatory hypoxia-
hyperoxia were accomplished in custom-built, clear, polycarbonate 
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chambers approximately 40 cm wide, 35 cm long, and 21 cm high 
(Coy Laboratory Products, Grass Lake, MI), which provides real-
time control over the oxygen content of the internal gas. A specific 
oxygen concentration was set for each exposure condition, with 
nitrogen used to complete the normobaric atmosphere, using 
medical grade gas cylinders (Airgas, Dayton, OH). Two rats (cage 
mates) were transferred to the chamber and exposed to the selected 
atmospheres. Hypoxia exposure was 7.5% oxygen (ppO2 = 57 mm 
Hg, corresponding to the oxygen level at an altitude of 7,800 m) for 
60 minutes. This was the lowest oxygen concentration that could be 
tolerated by rat subjects as determined in a serious of preliminary 
studies. The oscillatory hypoxic-hyperoxic exposure started with 8 
minutes at 95% oxygen (ppO2 = 722 mm Hg), followed by 10 cycles 
of 5% (ppO2 = 38 mm Hg) and 95% oxygen for 3 minutes and 8 
minutes, respectively. As above, this cycling profile was determined 
to be the most severe condition tolerable by rat subjects in 
preliminary tests. It normally took less than 2 minutes to complete 
each transition of the oxygen concentration from high to low (and 
vice versa) in the chamber, and the total exposure lasted about 2.5 
hours. Rats received total five daily exposures from Day 24 to Day 
28 (Figure 1). During exposure, rat subjects were monitored closely 
for signs of distress. 

Novel Object Recognition (NOR) Test 

Rats were subjected to NOR testing following the procedure 
described by Barnes et al. [24] at Days 27 and 28 after the daily 
hypoxic or oscillatory hypoxic-hyperoxic exposure. The NOR field 
was an open-top, 60-cm long and wide, black plastic box with 40-
cm walls. Activity was recorded by video camera and analysed 
using Ethovision XT 12 tracking software with a three-point body-
tracking module (Noldus, Leesburg, VA). Fluorescent tubes supplied 
light between 3 and 6 lux to the NOR field. Habituation lasted 30 
minutes daily in the testing room and ten minutes in an empty NOR 
field, starting at Day 22. Exploration time for training (Day 27) was 
ten minutes, and for testing (Day 28) was five minutes. Objects with 
similar sizes were used: rubber duck, round wooden tower, square 
plastic tower. Familiar and novel objects were assigned randomly 
while ensuring an equal number of instances for each object used 
as the novel object, as well as equal left and right placements of 
the novel object, in a counter-balanced manner. The objects were 
placed in equal distances from the opposite corners of the field and 
held in place by Velcro. The exploration zone included a 2-cm buffer 
zone around each object. Rats passed the test if they achieved a 
positive discrimination ratio (DR) as determined using the formula 
below [25]:

( ) ( )      

   

Time with novel object Time with familiar object

Time object exploratio
DR

n time

−
=

The magnitude of the DR along with the percentage of time 
exploring each object served to indicate the degree of novel object 
preference (and how it is affected by hypoxic/hyperoxic exposure 
and peptide treatment). Age-matched, male Naïve Control rats with 
no exposure and no peptide treatment, housed in clear plastic cages 
and placed near the Coy chambers for 5 days, 2.5 hour/day (during 
the exposure of the experimental groups) were included in both 
experiments as reference.

Physiological Response to Hypoxic/Hyperoxic Exposure 

Rats were euthanized by exsanguination or decapitation under 
Ketamine/Xylazine anesthesia, three days after the final exposure 
and NOR test. Whole blood was collected in K3EDTA Vacuette 
tubes (Greiner, Monroe, NC) for the measurements of hematocrit, 
haemoglobin, 1,3-BPG and 2,3-BPG. The portion for the hematocrit 
was processed using the StatSpin MP (Iris, Chatsworth, CA) and 
measured using the CritSpin Digital Hematocrit Reader (Iris). Red 
blood cells (RBCs) were collected by centrifugation and lysed using 
RBC lysis buffer (Abcam, Cambridge, MA) for the determination 
of 1,3-BPG and 2,3-BPG concentrations, using analyte-specific, 
rat ELISA kits (MyBiosource, San Diego, CA). Haemoglobin was 
measured using the Haemoglobin Assay Kit (MilliporeSigma, 
St. Louis, MO). Plasma was isolated by centrifugation of blood 
collected in K3EDTA Vacuette tubes and stored at -80 °C for the 
quantification of angiotensin II (Ang II) and vascular endothelial 
growth factor (VEGF), using specific ELISA kits (MyBiosource, San 
Diego, CA). Serum was isolated by centrifugation of post-mortem 
blood collected in BD Vacutainer SST tubes (BD, Franklin Lakes, 
NJ) and stored as above for the analysis of S100 calcium-binding 
protein B (S100B) and Erythropoietin (EPO), using ELISA kits from 
MyBiosource (San Diego, CA) and Biomatik (Wilmington, DE), 
respectively. Samples from Naïve Control rats were included in all 
assays. 

Statistical Analysis

The data was analysed using Prism 7 for Windows, version 
7.05 (GraphPad Software, La Jolla, CA). The means were compared 
using 2-way ANOVA with treatment and exposure as factors (alpha 
= 0.05). The Naïve Control rats of the two experiments were pooled 
for the analysis of physiological markers. When ANOVA revealed a 
significant effect, the appropriate means were compared using the 
Tukey’s multiple comparison test to identify significant differences 
(alpha = 0.05). For an exposure effect, comparisons were made 
between the Naïve Control and exposed groups. For a treatment 
effect, the group with ADNP-8 or Semax treatment was compared 
with the Control Peptide group within the same experiment. 
Pairwise comparisons were also made between the exposures 
with the same peptide treatment. The change in body weight over 
time during treatment was analyzed by 2 methods: the difference 
in body weight over time was tested using linear regression and 
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the percent change in body weight during the treatment period was 
analyzed by 1-way ANOVA. Organ weights were normalized by the 
body weight at Day 31.

Results

Physiological Effects of Hypoxia and Oscillatory Hypoxia-
Hyperoxia 

All peptide treatment groups of the hypoxia experiment gained 
weight normally during the entire experimental period, including 
the hypoxic exposure period (Figure 2A). In fact, their body weights 
were comparable with that of the Naïve Control (labelled as None/
Open Air) at necropsy. The Control Peptide group had the highest 
body weight gain, followed by ADNP-8 and then Semax/Naïve 
Control. The difference in the slope of body weight gain over time 
was statistically significant between the Control Peptide and Semax 
groups (p=0.03), but only showed a positive trend between Control 
Peptide and ADNP-8 groups (p=0.09). All animal groups seemed to 
gain more weights during Week 2 - Week 3 and Week 4 - Necropsy 
than other periods. The reason for this is not clear. In oscillatory 
hypoxia-hyperoxia experiment, all peptide treatment groups also 
gained weight during the peptide treatment period. Similar to 
the result of the hypoxia experiment, the rats treated with either 
ADNP-8 or Semax gained less weight than the Control Peptide 
group. At Week 3, the difference in the percent body weight gain 
was statistically significant between Control Peptide and ADNP-8 
treatment groups (p=0.04), as well as between Control Peptide and 
Semax treatment groups (p=0.03). However, all peptide-treated 
groups, especially the Control Peptide group, had much lower 
weight gains during the exposure period (Figure 2B). As a result, 
the body weights of all experimental groups were lower than 
that of the Naïve Control at necropsy. As shown in Figure 2C, the 
oscillatory hypoxia-hyperoxia groups gained less weight than the 
hypoxia groups during the week of exposures. Statistical analysis 
(2-way ANOVA) revealed a significant effect by exposure (p<<0.01) 
but not by peptide treatment (p=0.48). For the Control Peptide 
groups, there was a significant difference between the hypoxia and 
oscillatory hypoxia-hyperoxia exposures (p<<0.01). However for 
the ADNP-8 and Semax treatment groups, no significant difference 
between these two experiments was detected. This result suggests 
that exposure to oscillatory hypoxia-hyperoxia has a detrimental 
effect on body weight gain, which was partially prevented by ADNP-
8 or Semax treatment, although these peptides, by themselves, could 
reduce body weight gains. One rat treated with control peptide died 
during oscillatory hypoxic-hyperoxic exposure, but the cause was 
not readily apparent based on gross pathological assessment. 

Despite higher body weight gains in the hypoxia-exposed 
animals, their brain weights were lower than their counterparts of 
the oscillatory exposure experiment. The Control Peptide groups 
showed the most dramatic difference between the two experiments 

(Table 2), which is statistically significant (p<0.01). Comparison 
with the brain weight of the open-air Naïve Control showed that 
there is a significant decrease in the brain weight of the hypoxia 
Control Peptide group (p<0.05), highlighting the detrimental effect 
of hypoxia on the brain. On the other hand, oscillatory hypoxic-
hyperoxic exposure showed no significant effect on the brain 
weight, and all exposed groups had brain weights very similar 
to that of the Naïve Control. Normalization of brain weight by 
body weight further confirmed the detrimental effect of hypoxia 
on the Control Peptide group; its normalized brain weight was 
significantly lower than that of oscillatory-exposed Control Peptide 
group (p<0.05). This effect was completely prevented by Semax 
treatment, and the brain weights of the Semax groups showed no 
significant difference between these two experiments. This result 
suggests a beneficial effect of this neuroprotective peptide. On 
the other hand, ADNP-8 treatment was only partially effective in 
preventing a loss of brain weight after hypoxic exposure. The brain 
weights (with and without normalization) of ADNP-8 groups were 
significantly different between hypoxia and oscillatory hypoxia-
hyperoxia experiments (p<0.05). Besides the brain, all other 
organs investigated (including the heart, left lobe of the lung, liver 
and spleen) were not significantly affected by peptide treatments 
or exposure conditions (Table 2). Although the right lobes of the 
lung showed statistically significant effect of exposures, they were 
no longer significant after the correction for multiple comparison.

Increased production of red blood cells, resulting in elevated 
hematocrit is a common response to hypoxia. However, the 
hypoxia- and oscillatory-exposed groups only showed very small, 
insignificant changes in hematocrit, compared with the open-air 
Naïve Control (Table 3). On the other hand, significant changes 
in haemoglobin were observed in most experimental groups. 
In the hypoxia experiment, Control Peptide group showed a 
significant increase in the haemoglobin level, compared with the 
Naïve Control. While Semax treatments did not prevent this effect, 
ADNP-8 treatment further increased the level of haemoglobin after 
hypoxic exposure.

Interestingly, all three peptide treatment groups are 
significantly different from their counterparts of the oscillatory 
exposure experiment (all with p<0.001). In the oscillatory-
exposed animal groups, Control Peptide treatment resulted in a 
significant decrease in the level of haemoglobin, compared with 
the Naïve Control. This effect was exacerbated by ADNP-8 and 
Semax treatments, resulting in a larger decrease in haemoglobin. 
Detailed analysis revealed that the changes in haemoglobin were 
much larger than that in hematocrit in all experimental groups. 
On average, hypoxia-exposed animals had an increase of <10% in 
hematocrit, while they had an increase of ~50% in haemoglobin. 
Similarly, oscillatory-exposed animals had decreases of ~6% and 
~30% in hematocrit and haemoglobin, respectively. As a result, the 
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hematocrit to haemoglobin ratio decreased by ~30% and increased 
by ~30% in the hypoxia- and oscillatory-exposed animals, 
respectively. To further evaluate the implication of these results, the 
ratio of hematocrit (vol. % of RBC) to haemoglobin (in g/dL) was 
determined. As shown in Table 3, hypoxia and oscillatory hypoxia-
hyperoxia showed opposite effects on the ratio of hematocrit 

to haemoglobin, with the former causing an increase while the 
latter inducing a decrease in this ratio (Table 3). Although the 
mechanism(s) for this result is not completely clear, changes in the 
mean corpuscular volume and/or mean corpuscular haemoglobin 
(concentration) might be involved. However, this was not further 
investigated in this study.

Table 1: Peptide Dosage and Number of Rats in Each Experimental Group. The amino acid sequence (single-letter abbreviations), purity 
(provided by suppliers) and intranasal dose concentration of each peptide used for treatment are shown.  Male Sprague-Dawley rats were treated 
with the peptides indicated in the first column and exposed to the oxygen concentration specified for each experiment.

Peptide 

(Sequence)
Purity Dose (μg/kg body 

weight/day)
Experiment 1: Hypoxia (7.5% O2, 

60 min)

Experiment 2: Oscillatory 

Hypoxia-Hyperoxia (95%↔5% O2, 
10 cycles)

Naïve Control (N/A) N/A No Peptide Treatment N=8 (No Exposure) N=8 (No Exposure)

Control Peptide 
(GGAAGSSGG) >99% 250 N=8 N=8*

ADNP-8 (NAPVSIPQ) >98% 50 N=8 N=8

Semax (MEHFPGP) >98% 250 N=8 N=8

*One animal died during exposure.

Table 2: Normalized Organ Weights of Naïve Control and Experimental Groups. The weights of organs investigated were determined at the end 
of the experiment and normalized by body weight.  Values shown are mean ± standard deviation. The number of animals were the same as in Table 
1. Values with the same superscripted alphabet are statistically significantly different (2-way ANOVA, Tukey’s multiple comparison test, alpha = 0.05).

Exposure Open Air Hypoxia (7.5% O2) Oscillatory (95%↔5% O2, 10 cycles)

Peptide Treatment None
Control  
Peptide

ADNP-8 Semax
Control  
Peptide

ADNP-8 Semax

Brain - not normalized (g) 2.04±0.13a 1.67±0.65a,b 1.79±0.28c 1.96±0.37 2.20±0.18b 2.16±0.09c 2.15±0.11

Brain (g/kg BW) 4.61±0.29 4.14±0.75d 4.37±0.63e 4.93±0.41 5.03±0.26d 5.09±0.33e 4.98±0.43

Heart (g/kg BW) 3.71±0.52 3.81±0.50 3.68±0.37 3.98±0.44 3.61±0.73 3.77±0.65 4.03±0.58

Right Lung Lobes* (g/kg BW) 5.99±2.12 5.47±1.12 4.70±1.46 4.92±1.73 6.94±1.39 6.12±1.37 6.76±1.87

Left Lung Lobe (g/kg BW) 2.94±0.84 2.64±0.76 2.54±1.34 2.64±1.05 3.22±0.81 2.78±0.84 3.68±1.59

Liver (g/kg BW) 42.0±7.5 44.7±5.7 41.8±4.0 44.1±5.8 40.8±8.4 39.0±5.9 45.2±8.1

Spleen (g/kg BW) 2.14±0.50 1.75±0.47 1.94±0.56 2.19±0.31 1.92±0.36 2.16±0.45 2.29±0.52
 
*Significant exposure effect by ANOVA, but not significant after multiple comparison correction.

Table 3: Markers of Physiological Responses to Hypoxic and Oscillatory Hypoxic-Hyperoxic Exposures. The analytes investigated were 
determined using the blood samples collected at the end of the experiment.  Values shown are mean ± standard deviation. The number of rats in 
each group was the same as in Table 1. An asterisk (*) indicates the value is significantly different from the Naïve Control (2-way ANOVA, Tukey’s 
multiple comparison test, alpha = 0.05).

Exposure Open Air Hypoxia (7.5% O2) Oscillatory (95%↔5% O2, 10 cycles)

Peptide Treatment None
Control 
Peptide

ADNP-8 Semax
Control 
Peptide

ADNP-8 Semax

Hematocrit a (RBC vol. %) 41.9±3.0 44.0±4.3 45.0±2.4 43.5±2.4 38.9±5.5 40.4±4.4 39.8±2.0

Hemoglobin a (g/dL) 20.1±7.0 29.1±5.1* 35.3±8.8* 27.5±7.5* 16.3±3.8 13.6±1.6* 13.2±2.3*

Hematocrit: Hemoglobin Ratio 2.085 1.512* 1.275* 1.582 2.387 2.971* 3.015*

Erythropoietin b (ng/mL) 1528±210 540±74* 504±88* 552±74* 1079±298* 1332±242 1104±234*

1,3-BPG c (nM/mL) 5.13±4.40 7.16±1.50 5.61±1.50 5.96±1.50 4.97±2.30 3.68±1.30 3.13±2.10

2,3-BPG c (nM/mL) 0.38±0.16 0.25±0.10 0.21±0.06* 0.21±0.08* 0.57±0.08* 0.36±0.16 0.46±0.13

Angiotensin II b (pg/mL) 1145±219 1135±235 1136±229 983±202 1152±254 1187±276 1379±230

VEGF b (pg/mL) 220±30 155±51* 187±13 171±145 140±17* 124±27* 129±14*

S100B d (pg/mL) 64.4±31.0 83.9±25.8 65.3±28.9 79.5±23.8 57.6±18.0 61.6±20.4 50.2±33.4
a: Assays were performed using whole blood; b: assays were performed using plasma; c: assay was performed using red blood cells; d: assay was 

performed using serum.
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Table 4: Exploration Time and Distance Traveled by Naïve Control and Experimental Group in the Novel Object Recognition (NOR) Test. The 
average exploration time and distance traveled of animals during the NOR test were determined. Values shown are mean ± standard deviation. The 
number of rats in each group was the same as in Table 1.

Exposure Open Air Hypoxia (7.5% O2) Oscillatory (95%↔5% O2, 10 cycles)

Peptide Treatment None Control Peptide ADNP-8 Semax Control Peptide ADNP-8 Semax

Total Object Exploration Time 
(sec) 57.8±27.0 58.9±31.8 52.5±18.6 72.9±43.5 48.2±18.9 42.3±16.2 49.1±27.5

Total Distance Traveled (m) 1.56±0.31 1.53±0.69 1.60±0.43 1.60±0.29 1.27±0.37 1.52±0.35 1.21±0.63

EPO, a glycoprotein cytokine secreted by the kidney to stimu-
late erythropoiesis in the bone marrow, is commonly upregulated 
in response to hypoxia. As hypoxia and oscillatory hypoxia-hy-
peroxia exposures appear to have opposite effects on the level of 
haemoglobin, it is of interest to investigate how the level of EPO 
responded to these exposure conditions. As shown in Table 3, hy-
poxia-exposed groups showed decreased levels of EPO, which is 
significantly different from that of the Naïve Control. On the other 
hand, the EPO levels of oscillatory-exposed groups were only slight-
ly lower than that of the Naïve Control. In addition, the EPO levels 
were significantly different between the two experiments for the 
Control Peptide and Semax treatment groups (both with p<0.05).
The binding of 2, 3-BPG to haemoglobin promotes the release of ox-
ygen into surrounding tissues. Increased 1,3-BPG synthesis and its 
subsequent conversion to 2,3-BPG represents a normal physiolog-
ical response to hypoxic exposure. Compared with Naïve Control, 
Control Peptide group showed a small increase in the 1, 3-BPG after 
hypoxic exposure, and this change was abolished by both ADNP-8 
and Semax treatments. In the oscillatory hypoxia-hyperoxia experi-
ment, rats treated with ADNP-8 and Semax, but not Control Peptide 
showed decreased levels of 1,3-BPG. However, it should be noted 
that none of these changes reached statistical significance thresh-
old. All hypoxia-exposed groups showed a decrease in 2,3-BPG; 
only the ADNP-8 and Semax groups (but not Control Peptide group) 
were significantly different from the Naïve Control (p<0.05). In con-
trast, the oscillatory-exposed rats with Control Peptide treatment 
showed a significant increase in 2, 3-BPG, compared with the Naïve 
Control (p<0.05). This effect was reduced by ADNP-8 treatment, but 
not by Semax treatment, with the difference between the Control 
Peptide and ADNP-8 groups reached statistical significance thresh-
old (Table 3). However, no significant change in bisphosphoglyc-
erate mutase, an enzyme responsible for the catalytic conversion 
of 1, 3-BPG to 2,3-BPG, was observed in any experimental group, 
compared with the Naïve Control (data not shown).Circulating an-
giotensin II is essential for arterial pressure elevation through its 
stimulation of vasopressin and aldosterone production and secre-
tion, as well as its effect on vasoconstriction, following hypoxia ex-
posure. As shown in Table 3, the concentration of Angiotensin II in 
the plasma was not significantly altered in any experimental group 
regardless of exposure condition and peptide treatment (Table 3). 
Consistent with this result, the serum level of copeptin, a surrogate 

marker for vasopressin [26,27] also showed no significant change 
in any experimental group, compared with the Naïve Control (data 
not shown).Stimulation of the renin–angiotensin system by hypox-
ia promotes the expression of VEGF, which in turn stimulates angio-
genesis and increases vascular permeability to enhance oxygen sup-
ply to tissues. Statistical analysis showed that the effect of peptide 
treatment on VEGF was not significant (p=0.83), but that of expo-
sure conditions was (p<<0.01). VEGF was significantly decreased in 
all experimental groups in both experiments (p<<0.01), except the 
ADNP-8 and Semax groups with hypoxic exposure. Similar observa-
tions have been reported previously by other investigators [28,29]. 
It is likely that VEGF expression is mostly localized to the tissues 
affected, while its level in plasma/serum is down regulated [29]. In-
terestingly, the significantly decreased level of VEGF as observed in 
the Control Peptide group of the hypoxia experiment was reversed 
by the ADNP-8 and Semax treatments. In contrast to the hypoxia 
experiment, ADNP-8 and Semax treatments seemed to exacerbate 
the VEGF-depressing effect of oscillatory hypoxia-hyperoxia expo-
sure that was detected in the Control Peptide group. The difference 
between hypoxia-exposed and oscillatory-exposed groups was sta-
tistically significant for both ADNP-8 and Semax (p<<0.01). Damage 
to the blood-brain barrier is a common phenomenon of brain injury 
induced by hypoxic exposure. The serum level of S100B, a periph-
eral biomarker of blood-brain barrier permeability and CNS injury 
was determined. Compared with the Naïve Control, there was no 
statistically significant change in S100B between any experimental 
group, regardless of exposure conditions and peptide treatments, 
suggesting that the exposure conditions used in this study were not 
strong enough to cause overt blood-brain barrier damage (Table 3).

Effect on Novel Object Recognition Test Performance

Episodic memory function of Naïve Control and experimental 
groups was assessed using NOR test, which determines the ability 
of a rat subject to distinguish a novel object that has not been 
previously seen, from a previously encountered, familiar one. Rats 
with normal memory functions will naturally spend more time 
exploring a novel object than a familiar one, and the difference 
in exploratory time served as an indicator of episodic memory 
formation during training and retrieval during testing. Initially, the 
effect of exposure conditions and peptide treatments on the overall 
activity was assessed, and the result showed that the total object 
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exploration time was similar among all animal groups (Table 4). 
The hypoxia-exposed, Semax-treated group had the longest average 
exploration time (72.9 sec.). The total distance traveled during the 
NOR test was also similar among all animal groups (Table 4), with 
the ADNP-8 and Semax groups of the hypoxia experiment traveling 
the longest distance. However, there is no significant difference in 
these parameters between any animal groups. 

In the hypoxia experiment, the Naive Control group (labelled 
as Open-Air Control) spent approximately 60% and 40% of 
exploratory time with the novel and familiar objects, respectively 
(Figure 3A), and the difference in object exploration is statistically 
significant (p<0.05), resulting in an average DI of >0.2 (Figure 
3B). Seven (7) rats of this group (n=8. i.e. 87.5%) passed the test 
while only one (1) failed (Figure 3C). Rats that were treated with 
Control Peptide explored the novel and familiar objects for about 
the same amount of time (Figure 3A). The average DI of this group 
was below zero (Figure 3B) and only three (3) rats (37.5%) passed 
(one of them only barely passed) the test (Figure 3C). In contrast, 
rats received ANDP-8 treatment had novel object exploration very 
similar to the Naive Control (Figure 3A) that they also showed 
statistically significant novel object preference (p<0.05). A similar 
conclusion can be drawn from the passing rate of the NOR test that 
more than 75% of the rats in this group passed the test (Figure 
3C). As a group, they in fact had an average DI that is even slightly 

higher than that of the Naive Control (Figure 3B). Similarly, Semax 
treatment was also able to protect NOR function in rats that they 
also showed a positive trend (p=0.053) in novel object preference 
(Figure 3A). The average DI of Semax group is slightly lower than 
the Naive Control (Figure 3B), and only five (5) animals (62.5%) 
passed the NOR test (Figure 3C). 

The result of the oscillatory hypoxia-hyperoxia experiment is 
very similar to that of the hypoxia experiment. The Naive Control 
group spent approximately 70% and 30% of exploratory time with 
the novel and familiar objects, respectively (Figure 3D), and the 
difference in object exploration is statistically significant (p<0.05). 
The average DI of this group is ~0.4 (Figure 3E), with all eight (8) 
animals passing the test (Figure 3F). Rats treated with control 
peptide actually spent more time with the familiar object than with 
the novel one (Figure 3D), consequently resulting in an average 
DI that was below zero (Figure 3E). Although four animals of this 
group passed the test (Figure 3F), two of them had a DI that is barely 
higher than zero (Figure 3E). As above, rats treated with ADNP-8 or 
Semax performed as well as the Naïve Control, spending ~70% of 
exploratory time with the novel object. While one rat of the ADNP-
8 group failed the test (i.e. DI<0), all members of the Semax group 
passed the test (Figure 3E and 3F).

Figure 2: Body Weight Changes during Peptide Treatment and Hypoxic / Oscillatory Hypoxic-Hyperoxic Exposures. Animals gained weight 
during (A) hypoxia and (B) oscillatory hypoxia-hyperoxia exposure experiments, regardless of the nature of peptide treatments. The number of 
animals is the same as in Table 1. Animals of all experimental groups were weighed weekly, except that the Naïve Control group (labelled as “None/
Open Air”) was only weighed at necropsy. (C) The percentage of body weight gain during the week of exposure of all peptide treatment groups in 
both experiments. The asterisks (*) indicates the Control Peptide groups showing statistically significant difference between the two experiments.
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Figure 3: Results of Novel Object Recognition (NOR) Test. (A) and (D) The percentage of exploratory time spent with novel and familiar objects. 
(B) and (E) The discrimination ratio (DI) of each rat, along with the mean and standard deviation for each group. (C) and (F) The number of animals 
passing the test in the hypoxia experiment (A-C) and oscillatory hypoxia-hyperoxia experiment (D-F). The number of animals is the same as in 
Table 1. The asterisks (*) in (A) and (D) indicate the experimental groups whose exploration of novel object was significantly greater than that of 
familiar object (p<0.05). The double asterisk (**) in (B) indicates there is a positive trend in the difference between the Naïve Control (labeled as 
“Open-Air Control”) and Control Peptide groups (p<0.1). The difference between experimental groups labeled with the same alphabets in (E) are 
statistically significant (p<0.05).

It should be noted that the differences in exploration time, 
DI and number of animals passing the NOR test between Control 
Peptide and ANDP-8 treatment groups, as well as between Control 
Peptide and Semax treatment groups, are readily apparent in 
both experiments, especially in Figure 3E, in which the difference 
in DI between them reached statistical significance threshold. 
Taken together, these results demonstrated that both hypoxic and 
oscillatory hypoxia-hyperoxic exposures have detrimental effect on 
episodic memory in Sprague-Dawley rats. Furthermore, ADNP-8 
or Semax treatments can effectively alleviate the negative impacts 
of static hypoxia and oscillatory hypoxia-hyperoxia exposures and 
protect episodic memory functions under these conditions.

Discussion
Due to the loss of cabin pressure and/or malfunctions of the 

oxygen delivery system, military pilots and aircrews may expose 

to abnormal concentrations of oxygen in the inspired air, resulting 
in physiological stresses associated with hypoxia and hypoxia-
reoxygenation. Hypoxic exposure can cause acute cellular damage 
and injury, which is followed by delayed neuronal death through a 
variety of mechanisms, including excitotoxicity, oxidative stress and 
apoptosis via different signal transduction pathways, resulting in 
neurological and cognitive impairments. Therefore, strategies that 
can protect these essential functions of Air Force personnel will 
ensure safe operation and return for timely therapeutic intervention 
to prevent long-term health problems. To achieve this goal, this 
study was designed to investigate the feasibility of protecting 
memory functions after exposure to altered concentrations 
of oxygen in the inspired air by prophylactic treatment with 
neuroprotective peptides, ANDP-8 and Semax [30-37], using an 
animal model. Studies of spatial, visual, and working memory 



American Journal of Biomedical Science & Research

Am J Biomed Sci & Res                                     Copy Right@ Victor Chan

205

deficits following hypoxic exposures have been demonstrated using 
the Morris water maze. Exposure conditions include acute and 
continuous [38], chronic continuous [39-43], acute intermittent 
[44], and oscillating, chronic intermittent [45, 46]. Hypoxia-
induced memory dysfunction has also been demonstrated using 
a radial-arm maze [47], and an object displacement/replacement 
test [48] that is similar to the NOR test used in this study. Likewise, 
the result described here showed that novel object preference, 
an indicator of episodic memory function, was impaired in rats 
exposed to normobaric hypoxia and oscillatory hypoxia-hyperoxia, 
compared with the Naïve Control rats. More importantly, our 
results also showed that this performance deficit was effectively 
prevented by a prophylactic treatment of ANDP-8, but not the 
Control Peptide that has a random sequence of small amino acids 
such as glycine and alanine. Others have reported that ADNP-8 
can protect the brain from a variety of insults; it prevented tissue 
damage, reduced mortality, prevented cognitive impairment, and 
improved neurobehavioral recovery in rodent models of traumatic 
brain injury [49], hypoxic-ischemic injury [50,51], and Alzheimer’s 
disease [52]. ADNP-8 also improved short-term memory in rats 
after 3 to 8 months of intranasal administration [53]. Like ANDP-
8 treatment, Semax treatment also protected episodic memory 
function in rats exposed to oscillatory hypoxia-hyperoxia. Its 
protective effect was highly evident for hypoxia, although it only 
showed a positive trend (p=0.053). Other researchers have also 
reported on the neuroprotective effects of Semax that it reduced 
tissue damage and deficits in learning and memory caused by 
focal ischemic lesions in rats [33,54], and prevented behavioral  
deficits caused by gestational exposure to valproic acid [55]. 
Combined with an opiate-like peptide, Semax prevented some 
of the growth and behavioral effects of gestational hypoxia [56]. 
Semax also improved learning and memory in rats exposed to 
heavy metals but caused deficits when used in the absence of 
the toxins or stressors [57,58]. In humans, Semax improved 
memory, attention, and brain circulation without negative side 
effects [reviewed in 22]. Consistent with their memory-protective 
functions, ANDP-8 and Semax were able to prevent the decrease 
in brain weight observed in the hypoxia-exposed rats treated with 
Control Peptide. As previous studies of ANDP-8 and Semax mainly 
focused on their activities in perinatal/neonatal hypoxia-ischemia 
[30-37], the results presented here thus extend the potentials of 
these peptides as preventatives or countermeasures against the 
adverse effects of hypoxia and oscillatory hypoxia-hyperoxia, major 
stressors in the aerospace environment. To realize the benefits of 
these agents, careful dose optimization will be needed, especially 
for Semax, due to its relatively narrow therapeutic window [30]. 
These efforts could ultimately result in successful development of 
neuroprotective prophylaxes containing one or both of these agents 
for Air Force pilots and aircrews. 

Alleviation of hypoxia-induced memory deficits has been an 
area of active research [59,60]. A variety of agents, including organic 
compounds [38,44,61], neurohormones [62,63], plant extracts [41-
43,64], cellular proteins [65-70], growth factors [71-74], peptides 
[30-37,75] and small interfering RNA [45,46] have shown different 
levels of neuroprotective activities under hypoxic conditions. 
The beneficial effects of pre- and post-exposure conditioning, 
voluntary exercise and environmental enrichment have also 
been demonstrated [48,76-80]. Among these interventions, EPO 
(and its analogues) are probably the most widely investigated. 
EPO exerts its anti-hypoxic activity through both haematopoietic  
pathways, as well as non-haematopoietic pathways that may 
involve neuroprotection and stimulation of recovery after injury 
[81-83]. However, the use of EPO is associated with certain risks, 
including myocardial infarction, stroke, venous thromboembolism, 
and even death [84]. The broad safety profiles of ADNP-8 and 
Semax represents a significant advantage over EPO and other 
erythropoiesis-stimulating agents. 

Our results also showed that hypoxia and oscillatory hypoxia-
hyperoxia induced significant changes in several physiological 
markers, including haemoglobin, EPO, 2, 3-BPG and VEGF. Some 
of these exposure-related changes were reversed by the ADNP-
8 treatment. For instance, EPO was significantly decreased in 
rats with oscillatory hypoxic-hyperoxic exposure and Control 
Peptide treatment; ADNP-8 treatment partially reversed the 
decrease in EPO. ADNP-8 treatment also prevented the decrease 
in the VEGF that was observed in hypoxia-exposed rats with 
Control Peptide treatment. As EPO possesses both erythropoietic 
and neuroprotective activities [85,86], and VEGF can stimulate 
endothelial cell growth and migration, increase vascular 
permeability and induce angiogenesis [87], these results suggests 
that modulating the levels of these factors may have a role in the 
ADNP-8 mediated episodic memory protection.

Changes in the concentration of haemoglobin responding to 
abnormal levels of oxygen in the inspired air have been widely 
reported. It is up- and down-regulated under hypoxic and 
hyperoxic conditions, respectively, to regulate oxygen delivery to 
the tissues [88, 89]. Consistent with the reports in the literature, 
rats exposed to hypoxia showed increased levels of haemoglobin 
(Table 3). However, unlike the changes in EPO and VEGF, neither 
ADNP-8 nor Semax treatment was able to reverse the hypoxia-
induced increase in haemoglobin that was observed in the Control 
Peptide group. Notably, no significant change in the hematocrit was 
detected in any experimental groups that showed alterations in the 
levels of haemoglobin. This effect was highlighted by the ratio of 
hematocrit to haemoglobin that hypoxia and oscillatory hypoxia-
hyperoxia exposures showing opposite effects on this ratio, with 
the former causing an increase while the latter inducing a decrease 
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in this ratio. As suggested by Siebenmann, et al., [89], the initial 
response to hypoxic exposure is an increase in circulating atrial 
natriuretic peptide and subsequently diuretic fluid loss and rapid 
contraction of plasma volume, resulting in increases in hematocrit 
and haemoglobin concentration. However, changes in the plasma 
volume alone should cause little change in the ratio of hematocrit to 
haemoglobin. Although the mechanism for the decrease in this ratio 
as observed in the hypoxia-exposed groups is not completely clear, 
it may be due to a decrease in the mean corpuscular volume with a 
concomitant increase in the total numbers of erythrocytes and an 
increase in mean corpuscular haemoglobin after hypoxia exposure. 
The high haemoglobin level in the ADNP-8 group suggests that 
this peptide is more effective than Control Peptide and Semax in 
stimulation the production of haemoglobin under hypoxia. On 
the other hand, the observation that decreased production of 
haemoglobin under oscillatory hypoxia-hyperoxia exposure was 
further exacerbated by ADNP-8 and Semax treatments suggests 
that these peptides may exert their memory-protective activities 
through the reduction of oxygen usage (and/or oxygen-induced 
injury). In contrast to the increased haemoglobin levels, the 
hypoxia-exposed groups had the lowest levels of EPO, compared 
with the oscillatory-exposed groups and the Naïve Control. This 
result might be due to delayed sample collection occurred three 
days after the final exposure, and the EPO level might have been 
downregulated by the feedback control mechanism [90] during the 
recovery period.

Other physiological markers investigated in this study (such as 
the ratio of 1,3-BPG : 2,3-BPG that influences the binding affinity of 
oxygen to haemoglobin [91], angiotensin II – an important player 
that regulates the fluid/electrolyte balance and blood pressure [92], 
and S100B – an peripheral marker of blood-brain barrier damage 
[93,94]) did not show any significant changes. This may be due to 
the normobaric exposure condition used in this study or delayed 
sample collection; these represent major limitations of the current 
study. In order to study not only the effects of static hypoxia, but also 
that of oscillatory hypoxia-hyperoxia that requires the maintenance 
of a constant pressure during the transition between high and low 
oxygen levels, we decided to use a normobaric condition for both 
experiments throughout this study. The intention is to ensure 
that the results of the two experiments can be compared, without 
the influence of the confounding effect caused by air pressure 
fluctuations. We are aware that there has been some debate over 
the use of normobaric hypoxia to simulate high-altitude, hypobaric 
hypoxia, and that the temporal, physiological response to hypoxia 
at different barometric pressures appears to differ slightly. For 
example, a forty-minute exposure to 12% O2 or its equivalent, ppO2 
= 91 mm Hg, resulted in greater hypoxemia, hypocapnia, and blood 
alkalosis under hypobaric conditions, but greater arterial oxygen 
saturation under normobaria [95]. Yet, after 24 hours at 13.4% O2 

(ppO2 = 102 mm Hg), there was little difference between hypobaria 
and normobaria [96]. It seems that the pattern of changes in blood 
parameters is different under the two exposure conditions, but over 
time, both exposures cause very similar physiological changes and 
hypoxic symptoms [97]. Moreover, even though the physiological 
response is slightly different, both exposures inhibit working 
memory in the same manner [98]. The repeated, acute exposures 
to normobaric hypoxia and oscillatory hypoxia-hyperoxia used 
in this study should, therefore, be acceptable as surrogates for 
studying the cognitive effects of hypoxia/hyperoxia encountered by  
aerospace professionals. In fact, this study found that oscillatory 
hypoxia-hyperoxia had the greatest impact on body weight, VEGF 
levels, and memory performance. This agrees with Malle, et al., [98] 
who reported that breathing 100% oxygen while recovering from 
hypoxic exposure hastened the return to normal vascular oxygen 
levels but caused slowing of the EEG and poor performance on 
cognitive assessments. 

Conclusion
This study showed that both neuroprotective peptides 

tested in this study, ADNP-8 and Semax, have the potential to 
be used as prophylaxes against the adverse effects of abnormal 
oxygen concentrations in the inspired air. It is tempting to 
speculate that a combination of these peptides might result in 
a more robust protection or even an enhancement of cognitive 
functions. In aerospace careers, hypoxic/hyperoxic exposures 
can occur frequently and unexpectedly. Prophylactic agents and 
countermeasures that can protect aerospace professionals are 
essential for mission success. The results presented here highlight 
the value of establishing the safety and effectiveness of these 
neuroprotective peptides for future Air Force applications.
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