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Abbreviations
TBI Traumatic brain injury
Veh Vehicle
P4 Progesterone
E2 17B-estradiol
E2-BSA 17 [3 -estradiol-conjugated to bovine serum albumin
Gl G-protein coupled estrogen receptor agonist
GI5 G-protein coupled estrogen receptor antagonist
ICI ICI 780,182, Faslodex
BWC Brain water content
EBC Evans blue content
VCS Veterinary comma scale
ICP Intracranial pressure
CPP Cerebral perfusion pressure
PI3K Phosphatidyl inositol 3- phosphate
GPER G-protein estrogen receptor
MWM Morris water mase
EPM elevated plus mase
OFT open field test

BBB Blood brain barrier



PR progesterone receptor
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Abstract

Introduction and Objectives: Since female sex hormones of estrogen (E2) and
progesterone (P4) have a neuroprotective role after traumatic brain injury (TBI). Therefore, in
the present study, the effects of E2 and P4 were evaluated on long-term cognitive function, motor
activity, and anxiety-like behavior. Additionally, to determine the role of classical and non-
classical E2 receptors in mediating the effects of this hormone followed by TBI, we used the
bovine serum albumin (E2-BSA), selective GPR30 agonist (G1), classical receptor antagonist
(ICD), and selective GPR30 antagonist (G15). The role of classical P4 receptors in mediating the
neuroprotective effects of this hormone was investigated and it was determined whether the non-
genomic function of E2 and P4 in neuroprotection after TBI is mediated by the PI3K/Akt.

Methods: Ovariectomized rats were divided as follows : sham, TBI, E2, P4, E2-BSA and
G1 and their solvent was injected after TBI, while ICI, G15, ICI + G15 and their solvent was
injected prior to induction of TBI and injection of E2 and E2-BSA and the classic progesterone
receptor antagonist (RU486) was also injected prior to induction of TBI and injection of P4. Brain
water content (BWC) and Evans blue content (EBC) were measured 5 and 24 h after TBI,
respectively . Intracranial pressure (ICP) and cerebral perfusion pressure (CPP) and neurological
outcome (VCS) were measured before and at various times after TBI. Histopathologic outcome
and PI3K/p-Akt expression were assessed via H&E staining and Western blotting 24 h after
induction of TBI, respectively. Motor activity, anxiety-like behavior, and spatial memory were
evaluated 3, 7, 14 and 21 days after injury.

Findings: RU486 eliminated the inhibitory effects of P4 on BWC and EBC after TBI.
RU486 inhibited the decreasing effect of P4 on ICP as well as the increasing effect of P4 on CPP

and VCS after TBI. P4 prevented a decrease in cerebral PI3K/ p-Akt expression. Motor activity,



cognitive function, and anxiety disorders lasted for 3 weeks after TBI, but P4 avoided these
cognitive and behavioral abnormalities and RU486 countered some of these effects of P4.E2, E2-
BSA and G1 avoided an increase in BWC and EB content after TBI and these effects were
inhibited by ICI and G15.1CI and G15 also inhibited the beneficial effects of E2, E2-BSA and G1
on ICP as well as CPP and VCS after TBI. E2, E2-BSA and G1 avoided a decrease in cerebral
PI3K/Akt expression. Co-administration of ICI and G15 inhibited the beneficial effects of E2-
BSA, E2 and G1 on PI3K/p-Akt expression. E2, E2-BSA and G1 prevent cognitive deficits and
behavioral abnormalities caused by TBI. On the other hand, the above parameters, ICI and G15
also reverse the effects of E2 and E2-BSA on days 3, 7, 14 and 21.

Discussion and Conclusion: Classic progesterone receptors have neuroprotective effects
and avoid long-term cognitive and behavioral deficits after TBI. Findings also showed that E2,
E2-BSA and G1 have beneficial effects on secondary damage after TBI. Moreover, the injections
of G1 and E2 forms can prevent motor deficits, anxiety-like behavior, learning and long-term
memory. Inhibiting the protective effects of E2 forms by blocking classical estrogen and GPER
receptors is suggested by ICI and G15, respectively and both classical and non-classical estrogen
receptors are involved in the neuroprotective effects of E2 and E2-BSA in TBI. PI3K/Akt
pathway is involved for mediating the beneficial non-genomic effects of sex steroids on
neuroprotective function after TBI.

Keywords: Estrogen, progesterone, neuroprotection, behavior, spatial memory, classical
estrogen receptors, non-classical estrogen receptors, non-genomic pathway, PI3K/Akt

signaling.
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