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Abstract  Tamoxifen is a selective estrogen receptor modu-
lator. In this study we investigated whether or not tamoxifen 
reduces intracerebral hemorrhage (ICH)-induced brain injury 
in rats. In all experiments, adult male Sprague-Dawley rats 
received an injection of 100 mL autologous whole blood into 
the right basal ganglia. In the first set of experiments, rats 
were treated with tamoxifen (2.5 mg/kg or 5 mg/kg, i.p.) or 
vehicle 2 and 24 h after ICH and were killed at day 3 for 
brain edema measurement. In the second set of experiments, 
rats were treated with tamoxifen (5 mg/kg) or vehicle and 
magnetic resonance imaging (MRI), and behavior tests were 
performed at days 1, 7, 14 and 28. Rats were killed at day 28 
for brain histology. We found that tamoxifen at 5 but not at 
2.5  mg/kg reduced perihematomal brain edema at day 3 
(p < 0.05). Brain histology showed that tamoxifen reduced 
caudate atrophy at day 28 (p < 0.01). Tamoxifen also improved 
functional outcome (p < 0.05). MRI demonstrated a tendency 
to smaller T2* lesions in tamoxifen-treated rats. However, 
two out of five rats treated with tamoxifen developed hydro-
cephalus. These results suggest that tamoxifen has neuropro-
tective effects in ICH, but the cause of hydrocephalus 
development following tamoxifen treatment needs to be 
examined further.

Keywords  Cerebral hemorrhage · Brain edema · Brain atro-
phy · Hydrocephalus · Tamoxifen

Introduction

Gender has an important role in brain injury after ischemic 
and hemorrhagic stroke. Our previous studies demonstrated 
that brain edema after intracerebral hemorrhage (ICH) is less 
in female compared to male rats [1–3], a gender difference 
that appears to involve activation of estrogen receptors (ER) 
in the female rats. Several estrogen receptors have been dis-
covered, including estrogen receptor (ER)-a, -b, -X and a 
membrane estrogen receptor [4]. Estrogen-induced neuro-
protection can be ER mediated or ER independent [4].

Tamoxifen is a selective estrogen receptor modulator, 
which was discovered and named ICI 46,474 in 1967 [5]. 
Tamoxifen has also been reported to have a neuroprotective 
in ischemic stroke [6, 7] and Parkinson’s disease [8]. 
However, it is still not clear whether or not tamoxifen is pro-
tective for the brain after ICH. This study examined whether 
tamoxifen reduces ICH-induced brain edema, brain atrophy 
and neurological deficits in male rats.

Materials and Methods

Animal Preparation and Intracerebral Infusion

Animal use protocols were approved by the University of 
Michigan Committee on the Use and Care of Animals. Male 
Sprague-Dawley rats (Charles River Laboratories, Portage, 
MI), 275–300  g each, were used in this study. Rats were 
anesthetized by pentobarbital (50 mg/kg, i.p.). Rectal body 
temperature was maintained at 37.5°C by using a feedback-
controlled heating pad. The right femoral artery was cathe-
terized to obtain blood for injection, to monitor blood 
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pressure and to analyze blood pH, PaO
2
, PaCO

2
, hematocrit 

and glucose concentrations. Rats were placed in a stereotac-
tic frame (Kopf Instruments) and a 1-mm cranial burr hole 
drilled on the right coronal suture 3.5 mm lateral to the mid-
line. A 26-gauge needle was inserted stereotactically into the 
right basal ganglia (coordinates: 0.2  mm anterior, 5.5  mm 
ventral, 3.5  mm lateral to the bregma). Autologous whole 
blood (100 mL) was infused at a rate of 10 mL/min using a 
microinfusion pump. The needle was then removed, the burr 
hole sealed with bone wax, the skin incision closed with 
sutures and the animal allowed to recover.

Experimental Groups

There were two sets of experiments in this study. In the first 
set, ICH rats were treated with tamoxifen (2.5 or 5 mg/kg in 
4% DMSO, i.p., 2 and 24 h after ICH, Tocris Bioscience, 
Ellisville, MO, n = 6) or vehicle (n = 6). Rats were euthanized 
at day 3 to determine brain water content. In the second set, 
rats were treated with tamoxifen (5 mg/kg, n = 5) or vehicle 
(n = 8) at 2 and 24 h after ICH. Rats had both T2-weighted 
and T2*-weighted gradient-echo MR scans at days 1, 7, 14 
and 28 after ICH, and then were euthanized for brain histol-
ogy. Body weight and neurological deficits were measured 
on days 1, 3, 7, 14, 21 and 28 after operation.

Brain Water Content

Animals were euthanized by decapitation under deep pento-
barbital anesthesia (100 mg/kg, i.p.) to measure brain water 
content. The rat brains were removed immediately, and a 
3-mm-thick coronal brain slice 4 mm from the frontal pole 
was cut with a sharp blade. The slice was divided into four 
samples, ipsi- and contralateral basal ganglion and ipsi- and 
contralateral cortex. The cerebellum was also obtained as a 
control. Each of these five brain tissue samples was weighed 
on an electronic analytical balance to the nearest 0.1 mg to 
obtain the wet weight (WW). Samples were then dried in a 
gravity oven at 100°C for 24 h to obtain the dry weight (DW). 
Brain water content (%) was calculated as ((WW – DW)/
WW)*100%.

Behavioral Tests

To assess neurological deficits, forelimb placing, forelimb 
use asymmetry and corner turn tests were used. These have 
been described in detail previously [9]. All animal behavioral 

tests were evaluated at 1, 3, 7, 14, 21 and 28  days by an 
investigator who was blinded to the treatment.

Magnetic Resonance Imaging

Head MRI scans were performed to get T2 and T2* images 
at 1, 7, 14 and 28 days after ICH as described in our previous 
studies [10, 11]. All measurements were repeated three times 
and mean values used.

Brain Atrophy Measurement

Brain atrophy was measured as previously described [10]. 
Coronal sections from 1 mm posterior to the blood injection 
site were stained with hematoxylin and eosin (H&E) and 
scanned. The caudate in each hemisphere was outlined on a 
computer and caudate size measured using Image. Brain 
tissue loss was calculated by the formula as: (contralateral 
basal ganglia – ipsilateral basal ganglia)/contralateral basal 
ganglia x 100%.

Statistical Analysis

All data in this study are presented as mean ± SD. Data were 
analyzed with Student’s t test or one-way analysis of vari-
ance (ANOVA). Differences were set significant at p <0.05.

Results

During the long-term experiments, body weight was moni-
tored. It decreased on the first and third day after ICH, but 
then gradually increased. There was no significant difference 
in body weight between tamoxifen-treated and vehicle-
treated groups (p > 0.05).

ICH causes brain edema in rats. Tamoxifen treatment at 
the dose 5 mg/kg significantly reduced brain water content 
(82.2 ± 0.7 vs. 83.4 ± 1.1% in vehicle treated group, p < 0.05) 
in the ipsilateral basal ganglia 3 days after ICH. However, 
tamoxifen at a dose of 2.5 mg failed to reduce ICH-induced 
brain edema at day 3 (p > 0.05).

Behavioral tests, including forelimb placing, corner turn 
and forelimb use asymmetry tests, were performed at days 1, 3, 
7, 14, 21 and 28 after ICH. Tamoxifen treatment improved the 
forelimb placing score (e.g., day 14: 40 ± 10 vs. 24 ± 15% in the 
vehicle-treated group, p < 0.05), forelimb using asymmetry 
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score (e.g. day 28: 3 ± 6 vs. 22 ± 8% in the vehicle-treated 
group, p < 0.05) and corner turn score (p < 0.05). Brain tissue 
loss in the ipsilateral caudate at day 28 was significantly less in 
tamoxifen-treated rats (21.9 ± 4.3 vs. 30.3 ± 1.8% in vehicle-
treated group, p < 0.05, Fig. 1).

On T2* images, there was no significant difference 
between the two groups (p > 0.05) in T2* lesion size from 
day 1 to 28 (data not shown), although at day 28 there was a 
tendency for smaller T2* lesions in tamoxifen-treated rats 
(28.5 ± 4.7 vs. 34.3 ± 6.1 mm3 in vehicle-treated group, 
p = 0.14, Fig. 2). On T2 images, we found that two of five 
tamoxifen-treated rats developed obvious dilation of ventri-
cles starting 7 days after treatment (Fig. 3), but no vehicle-
treated rats showed such dilation.

Discussion

In this study, we found that tamoxifen treatment (5 mg/kg) 
reduced brain edema, brain atrophy and neurological deficits 
after ICH. However, surprisingly, we found that with this 
dosage, hydrocephalus developed in two out of five rats.

The half-life of tamoxifen is 9–12 h after an initial dose, and 
tamoxifen is still detectable after 28 days after 7 days of chronic 
use [12]. We therefore chose 2 and 24  h for injection time 
points. We tried two different doses and found that only the 
higher dose (5 mg/kg) reduced acute brain edema after ICH, 
and this higher dose was chosen for our long-term study.

In animal experiments, high-dose tamoxifen has also been 
used in studies of cerebral ischemia [6, 7] and Parkinson’s 
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Fig. 1  Coronal brain sections at day 28 after ICH in rats treated with (a) vehicle or (b) tamoxifen. (c) The ipsilateral caudate tissue loss in rats 
treated with vehicle or tamoxifen at day 28. Values are mean ± SD, n = 5, #p < 0.01 vs. ICH + Vehicle
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disease [8, 13]. Most of the experiments conclude that doses 
higher, but not lower, than 5  mg/kg/day, have beneficial 
effects and that the high doses are generally well tolerated. 
Tamoxifen-induced neuroprotection may be estrogen recep-
tor mediated, although some reports indicate that protection 
with high dose tamoxifen is not through estrogen receptors 
but through anti-oxidative actions [14]. It is well known that 
oxidative stress has a major role in brain injury following 
ICH [3].

Hydrocephalus developed in two of five tamoxifen-treated 
rats in our study, suggesting that tamoxifen may affect the 
process of production, circulation or absorption of cerebro-
spinal fluid. There are only a few experiments focusing on 
long-term changes and side effects in animals after tamox-
ifen treatment [15]. So far, in clinical trials with MRI follow-
up, no tamoxifen-induced hydrocephalus cases have been 
reported [16, 17]. Whether or not tamoxifen only induces 
hydrocephalus after intracerebral hemorrhage should be 
studied further.
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Fig. 2  MR T2*-weighted MRI showing T2* lesions in rats treated with vehicle or tamoxifen (5 mg/kg at 2 and 24 h after ICH) 28 days after ICH
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Fig. 3  T2-weighted MR images and coronal section of H&E staining showing hydrocephalus in two out of five rats treated with tamoxifen  
after ICH
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