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ABSTRACT  
 

Military personnel are prone to develop Alzheimer’s 
disease (AD) during their lifetime. This is attributed largely 
due to mild traumatic brain injury, stress, hyperthermia and 
exposure to nanoparticles or chemical fumes during combat 
operations. All these conditions could induce breakdown of 
the blood-brain barrier (BBB) and edema formation. BBB 
breakdowm will allow plasma amyloid beta protein (AβP) 
to enter into the brain parenchyma and lead to slowy 
developing AD. Clevage of amyloid precursor proetin 
(APP) leads to tau phosporylation that is toxic to neurons 
and participate in AD process. In present innovation we 
demonstrate that concussive head injury (CHI) results in 
increased AβP and tau proetins in the cerebrosoinal fluid 
(CSF) of rats. This effect is exacerbated in hot environment 
(HE). As a result, brain pathology, BBB breakdown and 
edema formation are also exacerbated after CHI in HE. 
It appears that TiO2-nanwored delivery of cerebrolysin 
together with antibodies to tau remarkably reduced AβP 
and tau concetrations in the CSF and induced 
neuroprotection. This indicates that nanodelivery of 
cerebrolysin with tau antibodies has supeior 
neuroprotective ability in CHI, not reported earlier. 
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1 INTRODUCTION 
 

Military personnel are highly vulnerable to 
Alzheimer’s disease (AD) [1]. This is because of the 
fact that severe stress of trauma, sleep deprivation, 
hyperthermia or combat stress causes increased 
deposition of amyloid beta peptide (AβP) in the 
cerebrospinal fluid (CSF) and in brain parenchyma [1-
3]. Military personnel are often exposed to high 
environmental temperature in desert areas during 
combat operations. Since traumatic brain injury (TBI) 
is quite common in combat operation, a possibility 
exists that hot environment (HE) could affect 
pathophysiology of TBI. However, effects of HE on 
TBI are not well known. Previous reports show that 
hyperthermia duirng TBI could worsen the 
pathological outcome. However, TBI induced 
pathophysiological outcome following HE still require 
further investigation. TBI induces increase in amyloid 
beta peptide (AβP) and tau protein in the brain and in 
the cerebrospinal fluid (CSF). AβP and tau are 
responsible for neuronal, glial and microvascular 
damages leading to breakdown of the blood-brain 
barrier (BBB) and vasogenic edema formation. 
However, effects of HE on AβP  and tau are 
unknown. In present investigation we examined 
whether TBI could induce an increased production of 
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AβP  and tau in HE. Furthermore to understand the 
role of tau in neuropathology we infused tau 
antibodies [Anti-Tau antibody [E178, ab32057) 
together with cerebrolysin (a known neuroprotective 
agent) in the CSF after TBI with HE.  
In this innovation, we demostrate that conussive head 
injury (CHI) enhances AβP  and tau deposition in the 
CSF that is further aggravated when CHI is inflicted 
at hot environment (HE). Since CHI and/or AD results 
in decrease of several neurotrophic factors, it appears 
that exogenous supplement of a balanced composition 
of various neurotrophic factors and active peptide 
fragments i.e., cerebrolysin may be beneficial in both 
AD and CHI. Thus, we used TiO2 nanowired 
cerebrolysin for effective delivery to brain with tau 
antibodies to neutralise neurotoxic activity of tau in 
vivo to enhance neuroprotection in a rat mode of CHI 
at HE and at normal temperature. Our studies showed 
a superior neuroprotection in CHI with co-
administration of nanowired cerebrolysin with tau 
antibodies. 
 

2 MATERIALS & METHODS 
 
Experiments were carried out on Male Wistar rats (200-

250 g body weight) housed at controlled room temperature 
(21±1°C) with 12 h light and 12 h dark schedule. Food and 
tap water were supplied ad libitum before the experiment. 
All the experiments were performed according to the 
Guidelines & Care for Laboratory Animals as described by 
National Institute of Health and approved by Local 
Institutional Ethics Committee. 

 
2.1 Concussive head injury 

 
CHI was inflicted by dropping a weight of 114.6 g 

from 20 cm height on the exposed parietal skull bone 
(see Fig. 1) in Equithesin anaesthetized rats. This 
weight and height causes an impact of 0.224 N on the 
right parietal bone surface. CHI was inflicted in rats 
either acclimatized at 21-23°C (room temperature) or 
exposed to 34°C for 4 h per day for 2 weeks in 
biological oxygen demand incubator (BOD, relative 
humidity 45-47 %, wind speed 20-25 cm/sec). (see 
Fig. 1) [1,2].  

 
 
2.2 AβP and Tau protein assay 

AβP levels were measured in CSF by sandwich ELISA 
using Thermo Fisher commercial Kit (KHB3481) Ab9 
(anti-Aβ1–40) as the capture antibody and 4G8 (anti-Aβ17–
24) as the detection antibody. Tau proetin levels were 

assayed in CSF using Thermo Fisher commercial kit  
(KHB0041) according to standard protocol [3,4]. 

 
 
 

 
 
 

 
 
 
Fig. 1. Concussive head injury (CHI) model in the rat.  

 
2.3 Brain Pathology 

Brain pathology was analyzed using BBB breakdown, 
edema formation neurinal injury using standard protocol. 
The blood-brain barrier (BBB) breakdown to Evans blue 
radioiodine ([131]-Iodine) was examined after intravenous 
administration (100 µCi/kg) 5 min before the end of the 
experiment [1-5]. Brain edema was determined using 
regional water content by wet and dry weights of the brain 
samples [3,6]. In separate groups of animals, neuronal 
changes were studied using histopathological examination 
of Nissl of H&E staining. 

 
2.4 Nanowired delivery of Cerebrolsyin and 
 Tau antibodies 

Standard procedures were used to tag cerebrolsyin and 
tau antibodies [Anti-Tau antibody [E178, ab32057) to TiO2 
nanowires as described earlier. TiO2-nanowired 
cerebrolysin (5 ml/kg, i.v.) together with 50 µl 1:20 tau 
antibodies i.c.v. were admonistered 4 h after CHI at room 
tempearture or following heat exposure under identical 
conditions [6,7]. Brain pathology was evaluated in each 
group after drug and antibodies treatment 24 h after CHI (as 
above). 
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2.5 Statistical Analyses 

ANOVA followed by Dunnett’s test for multiple 
group comparison with one control was used to 
analyze statistical significance of the data obtained. A 
p-value less than 0.05 was considered significant. 
 

3 RESULTS 
 
 
3.1  CHI induces AβP  and tau protein 
elevation in CSF at HE 

Exposure to HE alone did not result in BBB 
breakdown, edema formation or changes in AβP or 
tau levels. The ΑβP and tau levels in CHI group after 
heat exposure increased by 2- to 6-fold in the CSF 
(control AbP ng/ml 0.23±0.04; TBI 0.82±0.05; 
TBI+HS  2.34±0.12; Control tau pg/ml 20±2; TBI 
34±6; TBI+HS 76±8). 
 
3.2 CHI and brain pathology at HE 

CHI in HE animals resulted in about 2-to 3-fold 
higher breakdown of the BBB to Evans blue albumin 
and radioiodine ([131]-I) and neuronal, glial and axonal 
damage as compared to CHI in rats at room 
temperature after 24 trauma. 

A representative example of neuonal damage after 
CHI at room temperature (23°C) and at HE (34°C) is 
shown in Fig. 2. Loss of neurons, perineuronal edema 
and sponginess of neuropil is clearly seen aftre CHI at 
34°C as compared to identical trauma at 23°C (Fig. 2). 

 
3.3 TiO2 Cerebrolysin with tau antibodies 
and Brain pathology in CHI  

     Treatment with cerebrolysin (5 ml/kg, i.v.) 
together with 50 µl 1:20 tau antibodies i.c.v. 4 h after 
injury resulted in reduction of tau and AβP levels and 
brain pathology in CHI but failed to induce 
neuroprotection in HE group (results not shown). 
However, when TiO2-nanowired cerebrolysin was co-
administered with nanowired tau antibodies in 
identical conditions pronounced neuroprotection was 
observed in HE group with CHI (Fig. 2). Also the tau 
and AβP levels were considerably reduced (AβP 
ng/ml 0.33±0.08; tau pg/ml 18±6) in the CSF of HE 
rats after CHI.  

This treatment was also effective in reducing BBB 
breakdown, brain edema formation, neuonal injuries 
(Fig. 2) following CHI at hot environment.  

 

 
 

    Fig. 2. Low power light microscopy showing neuronal 
distortion and damages following concussive head injury 
(CHI) at 23°C (c) and their exacerbation at 34°C (b). 
Perineuronal edema (arrows) and loss of neurons are 
prominent at 34°C (b) after CHI as compared to identical 
injury at 23°C (c). Normal cerebrloysin (CBL) induces 
neuroprotection after CHI at 23°C (f) whereas TiO2 
nanowired cerebrolysin (NWCBL, d,e) induced superior 
neuroprotection after CHI at 34°C (d,e). Co-administration of 
NWCBL with tau antibodies (abs) induces most marked 
neuroprotection in CHI at 34° C (a). Nissl stain on 3-µm thick 
paraffin sections. Bar = 30 µm. 
 

4 DISCUSSION 
 
Continued stress in military is one of the main 

causes of development of mental dysfunction due to 
possible breakdown of the blood-brain barrier (BBB) 
function causing edema and cell injury [4-6]. Since 
military personnel during combat operation are also 
prone to traumatic or concussive brain injury (CHI) 
leading to brain pathology, it appears that trauma may 
further aggravate AβP deposition in the brain or CSF 
from plasma due to BBB dysfunction. In addition 
cleavage of amyloid precursor proetin (APP) by 
caspases results in tau phosphorylation and 
accumulation in the CSF as well as in the brain. Since 
both tau and AβP are neurotoxic, high levels of these 
proteins could could play critical roles in development 
of AD. 

The key findings in this investigation clearly 
demonstrate that CHI at HE significantly increased the 
AbP and tau proetin levels in the CSF 24 h aftre 
trauma as compared to to identical injury at room 
temperature. This suggests that CHI at HE exacerbates 
AβP and tau deposition leading to pathological 
processes accelerating AD. 
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Another important finding of this investigation 
shows that when cerebrolysin that is a multimodal 
drug composed of several neurotrophic factors and 
active peptide fragments is administered togather with 
tau antibodies in CHI, the combination therapy 
signifcantly reduced the accumulation of AbP and tau 
proetins in the CSF even at HE and resulted in marked 
reductions in brain pathology.  

This suggests that a reduction in AβP and tau in 
CSF has neuroproetctive effects in CHI. The possible 
mecahnisms by which cerebrolysin and tau antibodies 
reduce AβP and tau levels are unclear. However, it 
appears that cerebrolysin could strenghtem endothelial 
cell membrane function elading to a reduction in the 
BBB breakdown and edema formation. Restoration of 
BBB function will limit passage of plasma AβP into 
the brain or CSF after CHI [1-3]. Whether CHI could 
also elevate plasma levels of AβP is not known and 
require further investigation.  

It appears quite likely that exogenous supplement 
of tau antibodies may neutralize endogenous tau 
activity thereby reducing neurotoxicity of tau in vivo. 
Thus, a combination of cerebrolsyin and tau 
antibodies could induce suoerior neuriproetction in 
CHI. 

The possible reasons for greater effectiveness of 
cerebrolsyin and tau when delivered through TiO2 
nanowred technology could be due to quick and 
deeper penetration of these agents into the brain or 
CSF as well as slow and sustained release of the 
compounds for long time [2,7,9]. A slow degradation 
or metabolism of NWCBL or tau within the brain may 
also be responsible for maintaining high level of CBL 
and tau antibodies in CHI resulting in superior 
neuroprotection [7,8]. 

 
5 CONCLUSION 

 
In conclusion, our results indicate that both AβP 

and tau levels are somehow responsible for enhanced 
brain pathology in TBI following HE and 
nanodelivery of cerebrolysin with tau antibodies have 
superior neuroprotective effects, not reported earlier.  
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