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TraumaTic brain injury (TBI) is one of the leading 
causes of death and morbidity globally. The majori-
ty of more than 1.7 million TBIs in the United States 

each year are diagnosed as mild TBI (mTBI).12 Some peo-
ple with mTBI have a measurable cognitive deficit 1 year 
later,45 even though no obvious brain tissue damage can be 
detected.19,52 No effective treatment for TBI exists because 
all Phase II/III TBI clinical trials have failed.28,35 Clinical 
trials for TBI involve mainly moderate to severe injury.36 

No effective, standard pharmacological treatment current-
ly exists specifically for cognitive symptoms of patients 
with mTBI. Considering the high incidence of mTBI and 
associated cognitive deficits,14 the development of effective 
treatments for mTBI is an unmet medical need.

Cerebrolysin (EVER Pharma) is a low-molecular-
weight neuropeptide preparation obtained through stan-
dardized enzymatic proteolysis of brain proteins and ex-
hibits neuroprotective and neurotrophic properties similar 
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OBJECTIVE Cerebrolysin is a neuropeptide preparation that mimics the properties of neurotrophic factors and has 
had beneficial effects in the treatment of neurodegenerative diseases, stroke, and traumatic brain injury (TBI). To further 
evaluate treatment schemes, the authors assessed the dose-response of Cerebrolysin on functional improvement in a 
rat model of mild TBI (mTBI).
METHODS This dose-response study was a prospective, randomized, blinded, and placebo-controlled preclinical 
experiment. Male Wistar adult rats, subjected to mTBI induced by a closed head impact, were treated randomly with 0 
(saline as placebo), 0.8, 2.5, or 7.5 ml/kg of Cerebrolysin 4 hours after mTBI and daily for a total of 10 consecutive days. 
A battery of cognitive and sensorimotor functional tests was performed over 90 days.
RESULTS The primary outcome was functional improvement over the 90 days; animal weight and death were the 
secondary and safety outcomes, respectively. A significant (p < 0.001) dose effect of Cerebrolysin on cognitive recov-
ery 3 months after injury was found. Cerebrolysin at a dose of ≥ 0.8 ml/kg significantly (p < 0.001) improved cognitive 
outcome. The higher dose (7.5 ml/kg) resulted in significantly better cognitive recovery than the lowest doses (0.8 ml/
kg) but not relative to the 2.5-ml/kg dose. Cerebrolysin at a dose of 2.5 or 7.5 ml/kg also caused different onset times of 
significant improvement in sensorimotor function. No differences in body weight or mortality rate among the groups were 
found.
CONCLUSIONS This preclinical randomized, placebo-controlled, and blinded study with a clinically relevant treatment 
scheme revealed that Cerebrolysin at doses of 0.8–7.5 ml/kg, administered 4 hours after mTBI and then once daily for a 
total of 10 consecutive days, improved functional outcomes 3 months after injury. A dose of 2.5 ml/kg is likely an optimal 
dose for the treatment of experimental mTBI.
https://thejns.org/doi/abs/10.3171/2017.6.JNS171007
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to those that occur naturally in neurotrophic growth fac-
tors.46 In previous studies, it significantly decreased the 
levels of tau phosphorylation by regulating kinase activity 
in a mouse Alzheimer disease model with amyloid precur-
sor protein overexpression54 and improved functional out-
come by increasing neurogenesis in a rat stroke model.58 
Cerebrolysin improved functional recovery in a rat stab-
wound TBI model by reducing brain edema when it was 
administered 5–60 minutes after injury.49 Recent clinical 
trials on stroke, TBI, and Alzheimer disease found that 
Cerebrolysin is safe and beneficial.1,6,42,43 Cerebrolysin 
falls into the category of drugs that have been approved in 
countries outside of the United States mainly for treatment 
of cognitive impairment in dementia, stroke, and TBI and 
mainly in Europe, Asia, and South America. Cerebrolysin 
administration in patients with severe disability after TBI 
is associated with a decreased mortality rate and improved 
favorable outcome (i.e., 3- and 6-month Glasgow Outcome 
Scale–Extended scores).31 Cerebrolysin improved the cog-
nitive function, especially long-term memory, of patients 
with mTBI 3 months after injury in a double-blind, place-
bo-controlled, randomized study.8 Therefore, Cerebrolysin 
might be a promising therapy for TBI.

Cerebrolysin is used currently outside the United States 
for the treatment of human TBI. However, the optimal 
dosing strategy in the context of different severities of TBI 
needs further evaluation. The current choice of the clini-
cal dose for Cerebrolysin in patients with mTBI might be 
suboptimal. Among many other factors, suboptimal dos-
ing has been considered a possible factor in the negative 
Phase III clinical trial results of treatments for TBI that 
include progesterone.27 Therefore, to advance our knowl-
edge of Cerebrolysin administration for the treatment of 
TBI with the intention to optimize protocols for future 
clinical studies, we designed a dose-response study in rats 
subjected to mTBI. To maximize translational power, we 
followed current guidelines on the design and reporting 
of experimental animal studies32 for this prospective, ran-
domized, blinded, and placebo-controlled preclinical trial. 
Considering the high incidence of mTBI and the lack of 
effective treatments, we used a Marmarou impact-accel-
eration rat model of diffuse TBI4,17,40 to induce clinically 
relevant mild closed head injury and to determine the 
dose-response of Cerebrolysin on long-term cognitive and 
sensorimotor functional recovery.

Methods
All experimental procedures were carried out in accor-

dance with the National Institutes of Health Guide for the 
Care and Use of Laboratory Animals and were approved 
by the Institutional Animal Care and Use Committee of 
Henry Ford Hospital.

Design and Oversight
This dose-response study was a prospective, random-

ized, placebo-controlled, and double-blinded end-point 
study. Adult Wistar rats subjected to mTBI were assigned 
randomly to receive 1 of 4 Cerebrolysin doses (0, 0.8, 2.5, 
or 7.5 ml/kg) initiated 4 hours after injury and contin-
ued daily for a total of 10 consecutive days. The doses of 

Cerebrolysin were selected based on our previous studies 
in rats with experimental stroke59 or mTBI.60 The study 
design, surgeries, preparation of study medication, treat-
ment, data collection, and analysis were each performed 
by different and independent members of the Henry Ford 
Hospital. Persons who performed experiments or outcome 
assessments were blinded to the treatment. EVER Phar-
ma GmbH supplied Cerebrolysin, opaque syringes, and a 
grant to support study infrastructure but was not involved 
in conducting the study, data collection, or data analysis.

Study Animals and mTBI Model
In our experiments, we used 3- to 4-month-old male 

Wistar rats (Charles River Breeding Company) with a 
mean (± SD) weight of 417 ± 30 g (range 326–471 g). Af-
ter 1 week of quarantine and acclimation, the rats were 
anesthetized initially with 4% isoflurane and maintained 
throughout the surgical period with 1.0%–1.5% isoflurane 
in 70% N2O and 30% O2 via a nose mask. Their rectal 
temperature was maintained at a mean of 37°C ± 0.5°C 
(range 36.1°C–37.6°C) during the surgery. The surgeries 
were performed and mTBIs inflicted in accordance with 
the procedure described in detail in our previous study 
report.60 In brief, a 2-cm midline incision was made us-
ing a scalpel, and the skull was exposed. To prevent skull 
fracture, a small stainless steel helmet-disk was placed 
on the rodent’s skull while the animal was supported by 
a foam bed. Closed head injury was induced by dropping 
a cylindrical column of segmented brass (450 g) through a 
Plexiglas tube from a distance (1 m) onto the disk fixed to 
the skull vault of the animal. The incision was closed with 
sterile 4-0 sutures. Rats that died on impact and those with 
a skull fracture were excluded from the study.

To assess acute injury effects, apnea and times to toe-
pinch, tail-pinch, and self-righting reflexes were all moni-
tored immediately after each injury. The self-righting 
reflex represents the time the animal takes to right itself 
from a supine position to a prone position with all 4 paws 
against a table surface. A delay in self-righting reflex re-
flects transient unconsciousness.29 The loss of self-righting 
reflex in animals after TBI is considered analogous to loss 
of consciousness in humans after TBI and can be consid-
ered a behavioral indicator of injury severity.14,22

Study Design and Treatment Regimen
Animals were assigned randomly in a 1:1:1:1 allocation 

to receive saline or Cerebrolysin at a dose of 0, 0.8, 2.5, or 
7.5 ml/kg (equivalent to human doses of 0, 0.13, 0.42, and 
1.25 ml/kg, respectively) via intraperitoneal injection.55 
Randomization schema were generated using nQuery 3.0. 
The randomization was based on a mixed block size. Study 
medication was prepared by a designated investigator (who 
was not involved in any other part of this study), according 
to animal body weight, 1 day before treatment based on 
the randomization scheme (n = 12 per group, as planned). 
All experimental drugs were prepared in opaque syringes 
at a constant volume of 3 ml (adjusted with saline) and ad-
ministered at scheduled injection times. The first treatment 
was administered 4 hours after the mTBI and repeated 
once daily for a total of 10 consecutive days. Laboratory 
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personnel who inflicted the mTBI and performed drug in-
jections and outcome assessment were blinded to the treat-
ment for each animal. The animals were monitored closely 
for any adverse events after they were enrolled.

Animals were assigned randomly into 1 of 5 groups: 
the sham-surgery (age-matched control) group or 1 of 4 
treatment groups, which received a Cerebrolysin dose of 0 
(vehicle), 0.8, 2.5, or 7.5 ml/kg. Cerebrolysin was admin-
istered intraperitoneally to the rats daily for 10 days, start-
ing 4 hours after the mTBI. Injured animals treated with a 
0-ml/kg dose of Cerebrolysin (saline) were used as a treat-
ment control group. An age-matched control sham group 
(that is, with surgery but without injury and treatment) was 
included as the reference group. Acute neurological assess-
ments (i.e., toe-pinch, tail-pinch, and self-righting reflexes) 
were monitored before study treatment, immediately after 
the mTBI, or, in the sham-surgery group, every 10 seconds 
until the animals were able to self-right. Four sets of be-
havioral tests (i.e., Morris water maze [MWM], 3-cham-
ber social interaction, novel object recognition [NOR], 
and sensorimotor function [modified neurological sever-
ity score38 and foot-fault and adhesive-removal tests]) were 
performed on all animals at various time points over the 
3 months (Table 1). The MWM tests were performed only 
at month 3, for the last 5 days, and the average of the last 
3-day MWM test scores was used for the analysis. In ad-
dition, the MWM test has 3 components (as listed in Table 
1). MWM swim speed was used as the reference measure; 
we did not expect any differences in these average scores 
among all the mTBI groups. This test was excluded from 
the end-point analysis.

Study Outcomes
We used the following 2 primary end points: 1) cogni-

tive function, which was measured by the MWM, social 
interaction, and NOR tests, and 2) sensorimotor function, 
which was measured by the modified neurological sever-
ity score (mNSS) and the foot-fault and adhesive-removal 
tests. The secondary end points are cognitive recovery or 
sensorimotor functional recovery at various time points, 
before 3 months after mTBI. A TBI worsening, death, and 
weight change were used as safety end points.

Adhesive Patch–Removal Test
Two pieces of adhesive-backed paper (113.1 mm2) were 

used as bilateral tactile stimuli occupying the distal-radial 
region on the wrist of each forelimb.50 Each animal under-
went 3 trials per testing day, and the mean time (in sec-

onds) required to remove the stimuli from each forelimb 
was recorded. The average of the mean times for both 
forelimbs was used for statistical analysis.

Foot-Fault Test
Each rat was tested for placement dysfunction of the 

forelimbs with the modified foot-fault test.25 The rat was 
placed on a horizontal grid. A foot fault was noted when 
a paw fell through an opening in the grid floor. The total 
number of steps (movement of each paw) that the rat used 
to cross the grid and the total number of foot faults (falls 
or slips between the wires) for the paw were recorded. 
Data are presented as percentages of paw foot faults.

mNSS
The mNSS is a composite of motor, sensory, reflex, and 

balance test scores. Neurological function was graded on 
a scale of 0 (normal) to 18 (maximal deficit), as previously 
described.9

MWM Test
The modified MWM test was used to assess spatial 

learning function, as previously described.10,61 This test 
was performed daily for 5 days on all rats 3 months after 
injury (i.e., on days 86–90) (for details, see Supplemental 
Information).

NOR Test
The NOR task is a well-characterized behavioral mea-

sure of hippocampally based working nonspatial visual 
recognition memory in rodents.51 It can be completed in 
a short time so the animals do not feel stressed, and it can 
assess recognition memory after only 1 trial, which is an 
advantage over other methods.5 This test was performed 
on all rats 1 and 3 months after injury (for details, see Sup-
plemental Information).

Three-Chamber Social Interaction Test
This test is used to assess memory for interactions with 

novel conspecifics.11,21 Rats tend to spend more time inter-
acting with a novel rat versus one they have encountered 
previously. The 3-chamber test can help identify rodents 
with deficits in sociability and/or social novelty.21 A de-
creased duration and/or number of contacts can be associ-
ated with depressive and/or anxiety-like behaviors,48 which 
are common after TBI, especially after mTBI or with post-

TABLE 1. Time points for functional tests

Test
Time After mTBI*

1 Day 7 Days 14 Days 21 Days 1 Mo 2 Mos 3 Mos

Sensorimotor functional recovery (mNSS & foot-fault & adhesive-removal tests) X X X X X X X
Cognitive recovery
 Cognition (MWM test), latency (secs), time in correct quadrant (%), & swim speed 

(m/sec)
X

 Social interaction test X X
 NOR test X X

* X indicates each measurement time point.
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traumatic stress disorder.16 This test was performed on all 
rats 1 and 3 months after injury (for details, see Supple-
mental Information).

Statistical Analysis
A baseline balance was checked for acute neurological 

response using the Wilcoxon test, and if any variable in the 
baseline was not balanced, it was used as a covariate for 
adjustment of the outcomes. The sham-surgery group was 
used as the reference when we tested the mTBI deficits. 
For dose analysis, the sham-surgery group was excluded. 
Data were evaluated for normality; ranked data or the non-
parametric Kruskal-Wallis test was used when data were 
not distributed normally.

The global test using generalized estimating equations37 
was used to analyze the dose effect on the 2 primary end 
points, measured from multiple tests. A Bonferroni correc-
tion α value of 0.025 was used to test the dose effect for 2 
end points. A dose effect was detected if there was a sig-
nificant difference at an end point with a p value of ≤ 0.025 
compared with controls with a dose of 0 ml/kg. For each 
end point, the analysis began by testing the overall dose 
effect at the criterion (α value) of < 0.025 with estimates 
of means among dose groups. A pairwise dose compari-
son would follow if an overall dose effect was observed, 
or otherwise as an exploratory analysis. A negative value 
of mean difference (e.g., dose 0.8 vs 0 ml/kg) with p < 
0.025 indicates a significant dose effect on reduction of the 
worst outcome. The individual outcome test was also con-
ducted if we found an overall dose effect. A mixed model 
was used for longitudinal outcomes considering a possible 
time-by-dose interaction. A similar analysis was used to 
study the dose effect on weight as a safety end point. All 
analyses were performed using SAS 9.4.

An effective dose was determined to be the lowest 
dose that significantly improves the functional/behavioral 
recovery more than in the control group 3 months after 
injury.

Results
A total of 60 animals were included in the study, and 

they were assigned randomly into 1 of 5 groups, including 
a sham-surgery group and 4 groups of rats with mTBI and 
treated with 0 (saline), 0.8, 2.5, or 7.5 ml/kg of Cerebro-
lysin; 12 animals were included in each group. No skull 
fractures or apneas were observed immediately after im-
pact. No animal died after the mTBI was inflicted or dur-
ing the 3-month study period.

Acute Neurological Assessments at Baseline (after injury)
Results of the combined mTBI groups (n = 48) were 

compared with those of the sham-surgery group (n = 12). 
We observed significant deficits in all 3 acute outcomes in 
the mTBI groups compared with the sham-surgery group 
(toe-pinch reflex, p < 0.001; self-righting reflex, p < 0.001; 
tail-pinch reflex, p = 0.039). The mean (SE) times for each 
group are presented in Table 2.

Injury-Severity Balance at Baseline
No difference in acute neurological responses was de-

tected at baseline among the mTBI groups (Table 2). p 
values for the toe-pinch, tail-pinch, and self-righting re-
flexes were 0.614, 0.929, and 0.451, respectively, among 
the 4 groups of rats after mTBI. The lack of significant 
differences in these acute neurological indices suggests 
that each rat in the mTBI groups experienced an injury of 
equivalent severity before study treatment.

Primary End Points: Dose-Response Effect on Functional 
Recovery at the Month 3 Cognitive End Point

The overall dose effect on cognitive recovery 3 months 
after mTBI, analyzed by the global test, was significant (p 
< 0.0001). Animals treated with Cerebrolysin 4 hours after 
mTBI at a dose of 0.8, 2.5, or 7.5 ml/kg showed signifi-
cant improvement in cognitive outcomes compared with 
those of the control group. The 7.5-ml/kg dose resulted in 
significantly better outcomes than the 0.8-ml/kg dose. We 
found no significant difference between the 2.5- and 7.5-
ml/kg doses in their effects on cognitive recovery. Results 
of the subgroup analysis after the global test indicated that 
Cerebrolysin at doses of 0.8, 2.5, or 7.5 ml/kg had sig-
nificant effects on cognitive function test results compared 
with those of the control group 3 months after injury. For 
the MWM test, we observed no difference in swim speeds 
among all the groups (p = 0.48) (Fig. 1A), which indicates 
that mTBI did not affect the swim speed of injured rats 
and that the swim speed did not contribute to spatial learn-
ing and memory deficits in those rats. Compared with the 
control group, rats in the Cerebrolysin treatment group (at 
all 3 doses) spent increased time in the correct quadrant 
(p < 0.05) (Fig. 1B) and took a significantly reduced time 
(latency) to reach the hidden platform in the MWM (p < 
0.05) (Fig. 1C). For the NOR test, significantly more time 
was spent exploring the novel object than the familiar ob-
ject by rats with mTBI treated with Cerebrolysin at any of 
the 3 doses 1 and 3 months after injury than by the control 
group (p < 0.05) (Fig. 2A and B). Similarly, for social in-

TABLE 2. Acute response assessment according to reflex after mTBI

Group Toe-Pinch Reflex Tail-Pinch Reflex Self-Righting Reflex

Sham (n = 12) 12.25 (1.10) 40.00 (2.95) 68.50 (3.25)
mTBI + Cerebrolysin 0 ml/kg (n = 12) 28.42 (6.16) 55.00 (9.31) 102.92 (8.86)
mTBI + Cerebrolysin 0.8 ml/kg (n = 12) 30.92 (2.97) 60.67 (7.64) 102.25 (10.82)
mTBI + Cerebrolysin 2.5 ml/kg (n = 12) 29.92 (6.21) 57.67 (7.05) 103.50 (11.44)
mTBI + Cerebrolysin 7.5 ml/kg (n = 12) 38.83 (7.58) 62.42 (9.55) 124.75 (14.43)

Values are presented as mean (SE) times in seconds.
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teraction measured by the 3-chamber test, mTBI caused 
social interaction deficit 1 and 3 months after injury. Sig-
nificantly more time was spent exploring the novel rat than 
the familiar rat by rats with mTBI treated with Cerebroly-
sin at any of the 3 doses 1 and 3 months after injury than 
by the control group (p < 0.05) (Fig. 3A and B).

Sensorimotor Functional Outcomes
Different doses of Cerebrolysin resulted in diverse tim-

ings of onset of significant neurological improvement. On 
day 1 after mTBI, the overall dose effect was marginal (p 
= 0.05381), and the 2.5-ml/kg dose had a significant ef-
fect (p = 0.00594). The subgroup analysis found that rats 
in the 2.5-ml/kg dose group experienced a significantly 
reduced frequency of foot-fault occurrences as measured 
by the foot-fault test compared with that in the control and 
the group that received a 0.8-ml/kg dose (Fig. 4A). On day 
7 after mTBI, the overall dose effect was significant (p 
= 0.02165). Rats in the 2.5-ml/kg dose group showed a 
significant effect compared with the control (p = 0.02386) 
and 0.8-ml/kg dose (p = 0.02003) groups. Specifically, 
Cerebrolysin at a dose of 2.5 ml/kg significantly reduced 

the frequency of foot-fault occurrences and the time for 
removing adhesive from the forelimbs (p < 0.05) (Fig. 
4B). On day 14, no dose effect was observed. On day 21, 
the overall dose effect was significant (p = 0.00396). Rats 
in the 2.5-ml/kg group showed a significant effect com-
pared with the control rats (p = 0.04484) and those that 
received the 0.8-ml/kg dose (p = 0.00037). One month af-
ter injury, the dose effect was not significant (p = 0.24558). 
Two months after injury, rats that received the 2.5-ml/kg 
dose had a significantly reduced time for adhesive removal 
compared with control rats (p = 0.00789) and those that 
received the 0.8-ml/kg dose (p = 0.01965), and the 7.5-
ml/kg dose significantly reduced the adhesive-removal 
time (p = 0.04455) and had a marginal effect on reduc-
ing the mNSS (p = 0.05020) over that of no treatment 
(control group). Three months after injury, the rats that 
received the 7.5-ml/kg dose had a significantly reduced 
adhesive-removal time compared with that of the controls 
(p = 0.00506). Overall, Cerebrolysin at a dose of 2.5 or 
7.5 ml/kg significantly reduced the adhesive-removal time 
over the 90 days, and the 2.5-ml/kg dose significantly re-
duced the frequency of foot-fault occurrences at early time 

FIG. 1. Effects of Cerebrolysin on spatial learning performance in the MWM test 3 months after mTBI. A: mTBI did not affect 
the swim speed of injured rats compared with sham-surgery-group rats. There was no significant difference in the swim speed 
of Cerebrolysin-treated rats compared with saline-treated rats. B: Cerebrolysin treatment significantly improved spatial learning 
performance compared with that of the vehicle group at 3 months after mTBI. C: Cerebrolysin treatment significantly reduced the 
time to reach the hidden platform in the MWM compared with that of the saline group at 3 months after mTBI. *p < 0.05 versus 
vehicle (saline). Data represent means (± SD); n = 12 rats per group. Figure is available in color online only.

FIG. 2. Effects of Cerebrolysin on NOR memory 1 (A) and 3 (B) months after mTBI. Control rats spent significantly more time 
exploring the novel object than the familiar object. Rats with mTBI treated with vehicle showed impaired NOR memory 1 and 3 
months after injury, whereas rats with mTBI treated with Cerebrolysin showed significantly improved NOR memory compared with 
the vehicle group 1 (A) and 3 (B) months after mTBI. *p < 0.05 versus vehicle. Data represent means (± SD); n = 12 rats per group. 
Figure is available in color online only.

Unauthenticated | Downloaded 05/23/23 11:18 PM UTC



Y. Zhang et al.

J Neurosurg Volume 129 • November 20181300 ©AANS 2018, except where prohibited by US copyright law

points (1 and 7 days after injury). Cerebrolysin at both the 
2.5- and 7.5-ml/kg doses had a marginal effect on reduc-
ing the mNSS (Fig. 4C).

Safety
In general, all the animals gained weight over time (sig-

nificant time effect) (Fig. 5). However, we found no dose-
by-time interaction (p = 0.29) or effect on weight. The 
animals in each group gained weight over time (p < 0.01). 
No other adverse effects of Cerebrolysin (i.e., death, sei-
zures, dehydration, etc.), even at the highest dose (7.5 ml/
kg), were observed during the 90-day study, which is con-
sistent with the safety profile for this agent in animals and 
humans. In this study, no deaths occurred. Weight gain 
was monitored as the only major safety index, in addition 
to multiple functional tests.

Discussion
Study Outcomes

In this prospective, randomized, blinded, placebo-
controlled preclinical study, we explored the efficacy and 
safety of Cerebrolysin in the treatment of rats with mTBI. 

Acute neurological responses were comparable among all 
the mTBI groups at baseline (immediately after mTBI), 
which indicates that all rats in the mTBI groups sustained 
an equivalent brain injury before therapeutic treatment. 
The rats with mTBI showed functional deficits at base-
line and 3 months after mTBI compared with rats in the 
sham-surgery group. We found no effects of Cerebrolysin 
on mortality or safety parameters (animal body weight), 
which shows that the administration of Cerebrolysin doses 
up to 7.5 ml/kg was safe in animals with mTBI. A dose 
of 2.5 ml/kg is likely optimal for the treatment of experi-
mental rats with mTBI. Additional studies are warranted 
to assess whether more severe forms of TBI require altered 
dosing schemes.

The results of this study indicate a trend in the treatment 
effect of Cerebrolysin to gradually increase with dose; 7.5 
ml/kg is better than 0.8 ml/kg. The highest dose we used 
was 7.5 ml/kg, which is approximately equivalent to 90 ml 
in humans;51,55 this dose has not been clinically tested in hu-
mans with TBI. Cerebrolysin at 0.8 ml/kg initiated 4 hours 
after mTBI significantly improved cognitive outcomes, and 
when administered at a higher dose (2.5 or 7.5 ml/kg), it 
was also associated with faster recovery. A significant dif-

FIG. 3. Effects of Cerebrolysin on social interaction measured by the 3-chamber test 1 (A) and 3 (B) months after mTBI. Control 
rats spent significantly more time exploring the novel rat than the familiar rat. Rats with mTBI treated with vehicle spent equivalent 
times exploring the novel rat and the familiar rat 1 and 3 months after injury. Cerebrolysin treatment significantly improved social 
interaction compared with saline treatment 1 (A) and 3 (B) months after mTBI. *p < 0.05 versus vehicle. Data represent means (± 
SD); n = 12 rats per group. Figure is available in color online only.

FIG. 4. Effects of Cerebrolysin on sensorimotor functional outcomes measured by the foot-fault (A) and adhesive-removal (B) tests 
and the mNSS (C). A: Cerebrolysin treatment at 2.5 ml/kg significantly reduced the frequency of foot faults from day 1 to 7 after 
mTBI compared with vehicle treatment. B: Cerebrolysin treatment at doses of 2.5 and 7.5 ml/kg resulted in significantly reduced 
adhesive-removal times compared with vehicle treatment. C: Cerebrolysin did not significantly lower the mNSSs compared with ve-
hicle treatment. *p < 0.05 versus vehicle. Data represent means (± SD); n = 12 rats per group. Figure is available in color online only.
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ference between the 0.8- and 7.5-ml/kg doses was found 
in sensorimotor functional test results at some time points. 
However, the difference in cognitive outcomes of the rats 
in the 2.5- and 7.5-ml/kg dose groups did not reach statisti-
cal significance. The 2.5-ml/kg dose is equivalent to the 
dose for humans (0.4 ml/kg, 30-ml infusion per day for hu-
mans with a 70- to 75-kg body weight) commonly used to 
treat TBI8,42 and stroke.43 In our study, the 0.8-ml/kg dose 
(approximately equivalent to 10 ml/day in an adult human) 
initiated 4 hours after injury in the rats also showed signifi-
cant efficacy compared with saline treatment. Cerebrolysin 
administration (10-ml dosage started 1 month after injury 
and then once daily for a total of 30 days) is associated 
with functional recovery in patients with severe disability 
after TBI.31

Study Strengths
More than 30 clinical TBI trials for neuroprotection 

have failed to yield a therapeutic agent for clinical use.23,44 
Many reasons for these failures have been proposed and 
reviewed.23,44 In addition to the tremendous heterogeneity 
of the population of humans with TBI and some limita-
tions of animal TBI models, most of the preclinical tri-
als for testing a potential TBI therapy in animal models 
have not adopted the gold standard required for clinical 
randomized controlled trials (RCTs) and often lack crucial 
features, such as randomization and masking.

Our study on the dose-response of Cerebrolysin in a 
rat model of mTBI was designed to take advantage of im-
portant clinical features of RCTs; therefore, our study was 
prospective, blinded, randomized, and placebo controlled. 
RCTs provide the highest level of evidence because they 
are designed to be unbiased and introduce less risk of sys-
tematic errors. This preclinical study was intended to find 
an optimal dose, and our results extend those in earlier re-
ports by addressing the efficacy and dose-response effects 

of Cerebrolysin in a rat mTBI model.60 Furthermore, the 
combined 90-day end point reduced the potential for over-
interpretation of the observed effect sizes. To eliminate any 
bias in animal selection and outcome measurement, we 
considered inclusion/exclusion criteria, sample-size calcu-
lation, randomization of animal treatment, predefined end 
points, and reporting of data analyses and data evaluations 
by a statistician who was independent of the research group 
and not involved in the animal work. The study medica-
tions (saline and Cerebrolysin) were prepared in opaque sy-
ringes at constant volumes by an independent investigator 
to ensure that the personnel involved in the experimental 
work were blinded to the treatment and dose. The global 
test on a battery of cognitive and sensorimotor functional 
outcomes was performed under careful statistical modeling 
and proper data transformation. The global test on multiple 
outcomes is more efficient than that on a single outcome 
when treatment effects are consistent, as previously shown 
in TBI and stroke research.37

Unlike patients with mTBI with a heterogeneous injury 
nature and population, our animal model of mTBI pro-
duced a relatively homogeneous type of brain injury in 
terms of persistent histological changes and cognitive defi-
cits up to 3 months in the rats after injury. This model is 
very suitable for evaluating the efficacy of a treatment.39,57

Study Limitations
In this study, the initial Cerebrolysin treatment was ap-

plied to only 1 early time point (4 hours after injury) in the 
rats after mTBI. Results of our previous study also indicat-
ed that delayed treatment (24 hours after injury) improves 
functional recovery in rats after mTBI.60 Thus, results of 
our 2 studies indicate that early and delayed Cerebrolysin 
treatment is effective in rats after mTBI. TBI is a complex 
and chronic disease. Additional studies are warranted to 
assess the efficacy of early (within 4 hours) and late (be-
yond 24 hours) treatment with Cerebrolysin after mTBI.

It is important also to investigate the efficacy of Cere-
brolysin in models of repeat mTBI. Increasing evidence 
has shown that repeated mTBI exaggerates functional defi-
cits and delays recovery;20,30,53,56 repeat concussions often 
occur in contact sports.7

Physiological features, including arterial blood pressure 
and blood gases (pH, PO2, PCO2), are important parame-
ters to be monitored during experiments. These parameters 
were not measured in this study. Previous studies found 
that these physiological parameters are within the refer-
ence range for rats subjected to mTBI induced by impact 
acceleration.18,41 In addition, patient data from clinical trials 
have shown that there were no differences in physiological 
parameters and extensive hematological profile measure-
ments between patient groups with stroke24,26,34 and those 
with TBI42 treated with Cerebrolysin or vehicle. Preclinical 
data are consistent with the absence of an effect of Cere-
brolysin on physiological and hematological parameters in 
patients (EVER Pharma GmbH, personal communication). 
Thus, it is likely that Cerebrolysin would not have affected 
the physiological parameters in the rats with mTBI used 
in our study. Nevertheless, it is important to include physi-
ological monitoring in future studies.

Histological-functional correlations will strengthen the 

FIG. 5. Effects of mTBI and Cerebrolysin on body weight. We found no 
significant difference in the body weight of rats with mTBI treated with ve-
hicle or Cerebrolysin compared with control rats. Data represent means 
(± SD); n = 12 rats per group. Figure is available in color online only.
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case for the efficacy of Cerebrolysin and will also help 
to delineate key mechanistic details. Because of space 
restrictions and the extensive histological data generated 
from this study, this article focuses on the dose-response 
of Cerebrolysin on functional outcomes. We plan to report 
the results of our extensive histological analysis in another 
publication. In brief, our histology data (in a separate re-
port) reveal that Cerebrolysin treatment–induced improve-
ment of functional recovery was significantly associated 
with increased neurogenesis in the dentate gyrus and de-
creased axonal damage, diffuse activation of astrocytes, 
and amyloid precursor protein accumulation in the brain 
after mTBI. These findings, in concert with those from 
previous preclinical and clinical studies,2,3,47 strongly in-
dicate that Cerebrolysin is a promising therapy for mTBI.

It would be interesting to determine if there was even 
an acute cognitive deficit after mTBI, although contempo-
rary literature suggests that cognitive deficits appear days 
or months after mTBI.13,60 In our study, we did not per-
form other measures (i.e., cognition, social interaction, and 
NOR tests) immediately after the mTBI because the early 
treatment initiated 4 hours after injury prevented us from 
performing these tests. In addition, the effects of anesthe-
sia and surgical wounds confound performance in these 
tests.

Clinical Translation
The majority of clinical trials of TBI treated with Cere-

brolysin used different doses, in the range of 10–50 ml for 
5–21 days6 (e.g., 10 ml for 30 days starting 1 month after se-
vere TBI,31 30 ml for 5 days starting 24 hours after mTBI,8 
and 10–50 ml for 10 days starting 6 hours [acute] after TBI 
and repeated with the same treatment 30 days after injury 
for another 10 days if necessary, in a recent clinical design 
for Cerebrolysin treatment of severe TBI).47 We adapted 
the scheme of 10–90 ml for 10 days for our preclinical ex-
periment to recapitulate RCTs, the gold standard for clini-
cal trials, and facilitate the comparison with human data. 
The 0.8-, 2.5-, and 7.5-ml/kg intraperitoneal Cerebrolysin 
doses that were selected correspond to equivalent intrave-
nous doses of 10, 30, and 90 ml, respectively, in a 70- to 75-
kg human. Based on the observed dose-response, there was 
statistically significant separation of the 3 effective doses; 
higher doses produced better effects than the lower dose. 
However, we found no significant difference between the 
2 higher doses. It is tempting to speculate that in humans, 
increased dosing would probably further improve neuro-
logical outcome and speed of recovery, which would help 
patients with mTBI return to their normal activities, and 
might facilitate early mobilization and early rehabilitation 
after severe TBI. Even the highest dose of 7.5 ml/kg (an 
approximately 90-ml human dose) was well tolerated and 
did not result in any negative effect on mortality or animal 
health. Cerebrolysin was well tolerated, and no systemic 
pattern of toxicity was observed in patients with stroke 
even at a dose of 50 ml/day for 21 days.33 It is important 
to note that the tests that are used in animal studies focus 
on sensorimotor skills and cognitive functions of the ani-
mals, whereas some tests in humans also incorporate more 
complex functions, such as speech and language abilities, 
drawing, verbal fluency, abstract thinking, and mental ma-
nipulation.8 Therefore, it is important not to overestimate 

the effect sizes in animal studies with respect to expec-
tations in human trials. The results of a meta-analysis in-
dicated that Cerebrolysin produces favorable results for 
the Glasgow Outcome Scale score and improvement of 
cognition in patients with TBI, although the numbers of 
subjects included in those studies were relatively small.15 
In a double-blind, placebo-controlled, randomized study, 
patients with mTBI treated with Cerebrolysin within 24 
hours of injury at a dose of 30 ml/day for 5 days had en-
hanced cognitive recovery 3 months after injury.8 It should 
be noted that patients with mTBI suffered intracranial con-
tusion hemorrhage, and the number of patients was small 
(15 for placebo and 17 for Cerebrolysin) in that trial. Ad-
ditional double-blinded, randomized, multicenter clinical 
trials using Cerebrolysin with a larger number of patients 
are warranted.

Outlook
The results of our study show that Cerebrolysin signifi-

cantly improves neurological outcomes in rats with mTBI 
in a dose-dependent manner when treatment is initiated 
4 hours after injury. Using the same prospective, ran-
domized, blinded, placebo-controlled protocol, the dose-
response effects of Cerebrolysin on functional outcomes 
were also shown in a rat model of stroke.59 Furthermore, 
our previous study found that delayed treatment with Cere-
brolysin (2.5 ml/kg, starting 24 hours after injury and then 
daily for 28 days) improves cognitive function at least up 
to 3 months in a rat model of mTBI.60 Collectively, these 
findings suggest that Cerebrolysin has the potential to 
treat acute and subacute brain injuries. Clinically, patho-
physiological heterogeneity of patients with TBI can arise 
from the primary injury (location, nature, and severity of 
injury) and preexisting conditions, including but not re-
stricted to age, health, sex, medication, alcohol and drug 
use, and genetics, conditions that might also significantly 
affect the efficacy and safety of the treatment.57 Therefore, 
wide variability exists in the type of pathology and sever-
ity of injury in the clinical situation. Animal models of 
TBI produce a relatively homogeneous type of injury, with 
age, sex, genetic background, and injury parameters well 
controlled.57 However, none of the single-animal models 
perfectly mirror the complex conditions of TBI seen in 
human patients. This distinction might partially account 
for differences in TBI pathophysiology and therapeutic 
treatments between animal models and TBI clinical trials. 
Therefore, it will be important to further determine the 
efficacy of Cerebrolysin in multiple animal models of TBI 
and in both sexes and to include comorbidities and aged 
animals in rat models of TBI for our preclinical study of 
Cerebrolysin efficacy and safety.
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