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ABSTRACT

Rehmannia glutinosa is a traditional Chinese medical herb and has a long history in cognitive deficits therapy. Its
therapeutic efficacy hasebn confirmed by clinical studies. In this studye attempted to investigate the effects of
catalpol, an iridoid from Rehmannia glutinosa, on cognitivetaidvioral function of aged rats with memory loss. 22 -

24 month Sprague-Dawley spontaneous rats of memory loss with aging were selected by step-down type passive
avoidance test and randomly allocated to two groupsagdieel rats with memory logsontrol group) and the catal-
pol-treated (5 mg/kg) groupVe performed open-field and Y-maze testt@luate special performance and behavior
response before and after catalpol treatment for 5 and 10 days. Growth-associated protein (GAP-43) in hippocampus
and frontal cortex was measured using immunohistochgnastl quantitative Western Blotting. The results showed

that catalpol could significantly improve not only spatial learning and memory but also locomotor activity and explora-
tory behavior of aged rats with memory loss. GAP-43 protein in hippocampal CA3 region and dentate granule of catal-
pol-treated rats was significantly enhanced than that of control group. Western blot analysis demonstrated a catal-
pol-associated increase of GAP-43 in hippocampus of cattigaibed rats and correlated with spatial memory, loco-
motor activity and exploratory behavior. However, there was no difference in GAP-43 protein in frontal cortex between
two groups. These results indicated that catalpol could enhance spatial performance and behavioral responses in aged
rats with memory loss, and the mechanism may involve ugatgn of GAP-43 level of hippocampus in the brain. It

also suggested that catalpol may be a useful natural drug for Alzheimer’s disease (AD) treatment by modulating hippo-
campal neuroplasticity.
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1. Introduction ory and a mediator of responses to neuronal attrition and

Declines in cognitive function such as memory loss areinjury (compensatory plasiiy). Recent experiments by
9 y researchers have demonstratieat GAP-43, a molecular

common with aging. T_he age-related memory loss is a arker of central neuroplasily [1], decreased in dif-
normal process of aging but also may be the result of] Y

. ; . erent brain regions in age-related memory loss patients.
neurodegenerative disorders such as Alzheimer’s dlseasﬁthou h the relationship between molecular neuropa-
(AD). As the life span is being prolonged with the ad- 9 P P

vance in medical science,ettincidence of aged-related thologic changes and cognitive disturbances remains ob-

memory loss has been dramatically risen. scure, there is extensive evider_u_:e_ sugges_ting that dys-

The cause of aged-related memory loss has been thougﬁlﬁmt!qn O.f the_central neuroplasiticity contributes to the
a degeneration of brain function of the patients. Newcog.nltlve.lmpalrment [2]. Rekat al obseryed that re-
treatment strategies of ageelated memory loss based ducing hippocampus GAP-43 level contributes to me-

upon a better understanding of the inherent mechanism& Y impairment in aged-related memory loss [3]. The

of neuroplasticity might provide more rational approachesrapld progress towards understanding the cellular and

to deal with it and otheneurodegenerative disorders. molecular alterations in neuroplasticity that is response-

Neuroplasticity is both a substrate of learning and mem-bIe for the neuron’s demise may help in developing ef-

fective preventative and therapeutic strategies, which
"Corresponding author. may modify the traditional pharmaceutical drug devel-
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opment for aged-related memory loss. To date, there iconsisted of acrylic box with a stainless-steel grid floor.
no convincing evidence @fficacy for any drug. A platform was fixed in the end of the box. Electric

Rehmannia glutinosa is a traditional Chinese medicakhocks (36 V) were delivered to the grid floor with an
herb and has a long history in cognitive defect therapyisolated pulse stimulator. At the beginning of training
and its therapeutic efficacy has been confirmed by clini-trial, rats were placed in the box to adapt for 3 min.
cal studies. CatalpoF{gure 1) is a major active ingredi- When electric shocks were dedied, rats jumped to plat-
ent contained richly in the roots of rehmannia glutinosaform. The shocks were maintained for 5 min. Step-down
The previous work has indicated catalpol is able to in-latency (SDL) was recorded within 5 min. A 99% confi-
crease learning ability of global ischemia model by per-dence interval based on the mean £2.58 S.D. of 3-month
forming neuroprotective effects [4], and protect PC12young male rats was used to select those aged rats that
cells from damage induced by,®} [5]. Therefore, we made the SDL under the lower limit of 99% confidence
think that catalpol might improve cognition deficits in interval. 11 aged rats with memory loss were selected,
aged rats with memory loss by performing protective ef-randomly distributed control group (n = 5) and catalpol-
fects. treated group (n = 6) [6,7].

Since it is well accepted that cognitive impairment
observed in aged-related mempdoss is associated with 2.3. Drug Treatment

decreasing central neuroplasticity, we have reason .t%atalpol was of analytical grade (purity > 98%) and pur-
assume that catalpol may have effect on neurOpIaStICIt)éhased from National Institute for the Control of Phar-

in aged brain if it can increase cognitive function, where- : . . . :
. i ) . maceutical and Biological pducts (China) and dis-
as studies elaborating the rakcatalpol in neuroplastic- . ) . . .
. : . ; solved in physiological sal® The catalpol-treated ani-
ity are completely lacking. In this study, we aim to ex- . ) ) . NN
. : als received daily once intrafitoneal injection of catal-
amine the influence of catalpol on spontaneous aged rats ) ) .
ol (5 mg/kg dissolved in a total volume of 1 ml physio-

with memory loss on both spatial memory and behaviora ogical saline), and rats in control group received 1 ml of
responses, which may throw some light on exploring a r? siological éaline for 10 davs group
possible mechanism of catapol action and a promisiné) y 9 ys:

treatment for AD. 2.4. Behavior Test

2. Materials and Methods 2.4.1. Open Field Test

The open-field arena consisted of a 76 x 76 cm quadratic,
white wooden box, without a cover, divided into 25
22 - 24 month male rats (Sprague-Dawley, 400 - 650 gequally sized squares and confined by walls of 40-cm
and 4-month young male rats (Sprague-Dawley, 300 high. Testing was conducted between 9 am to 2 pm, un-
350 g) were obtained from the breeding colony of theder white light in a quiet room. The observation was held
Dalian Medical University, China. Four rats were housedfor 5 minutes for three time points: before, 5 days and 10
per cage, and in a controlled environment with a tem-days after the catalpol intraperitoneal injection. At the
perature at ZC = 1°C and a 12/12 h dark-light cycle beginning of the 5-min session, the rat was placed in the
with light was on at 7 am. The animals had free access toenter square of the open field and the number of cross-

2.1. Animals and Diets

food and water. ing, number of rearing, and time of entering center scored
each min for the 5-min. The scores of crossing and rear-
2.2. Selected Aged Rats with Memory Loss ing regarded as locomotor scores. Individual controlor

Step-down tvpe passive avoidance test The a aratucatalpol—treated animals were placed gently in the center
P ype p ' P osf the arena and were allod/éo explore freely for 5 min

before measurement [8].

2.4.2. Y-Maze Test (Alternative Electro-Stimulus
Y-Maze)

The Y-maze test can be used for investigation of electric

foot shock-motivated discrimination learning and mem-

ory in rats. The Y-maze consisting of three equal arms

(45 x 14 x 18 cf) with a stainless-steel grid floor and

black plastic walls was used. A 15W incandescent lamp

was located on the end of each arm. One arm compart-

ment was lit and designated as safe zone while the other
Figure 1. The chemical structure of catalpol. two were unsafe zones. The apparatus placed on the floor

Copyright © 2012 SciRes. JBBS
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of experimental room. Each rat was placed in one of th&2.6. HE Staining

arm compartments and was allowed to move freely for E‘I'he samples were stained by hematoxylin and eosin (H

min without reinforcers, ah arm entry was defined as g E). Briefly, the dried tissue sections were stained with
the body of a rat except for its tail completely enteringj 1oy Hematoxylin for 5 min, then rinsed in running wa-

into an arm compartment. Thémey begin to learn a foot o for 10 min and distilled water for a few seconds. After
shock-motivated spatial alternation. rinse with 95% ethanol for 5 s, the sections were stained
At the beginning of the training session, a foot shockyith 0.5% Eosin for 30 s and dried in series concentra-

(30 V, 0.7 - 1.5 mA, depending on individual sensitivity) tions of ethanol, mounted in neutral gum and examined
was given in the start arm and the animal had to escapgnder a light microscope.

into the bright arm (correct run, no foot shock in this
arm), whereas entry into thegark arm (error run) was 2.7. Immunohistochemistry

nished by further foot shock (30 V, 0.7 mA). They _. . ' . :
puni y u ( ) . yr'll;lssue sections were deparaffined and stained with the

) ; . standard immunohistochemical procedures. Firstly, sec-
to avoid the pain of foot shocks. In this study, a response '\ vere incubated in 3%,8, for 30 min at room

was considered to be correct when a rat ran directly tQ . o
. o emperature to block endogenous peroxidase activity.
the bright arm within 10 seconds after the onset of footAfter washing in PBS for 3 times (2 min/time), sections

shocks. Each rat was trained consecutively 20 timesyore preincubated with normal goat serum (added with
Twenty-four hours after the learning retention (T1), mem-gg, BSA) for 20 min at 3T, then incubated with pri-
ory retention (R#1) of the Yhaze spatial alternation task ary  antibody, rabbit polyclonal antibody-(GAP-43)
was tested using the same behavioral procedure as during:.400, Boster, China) for 1.5 h at ‘87 and subse-
training. The learning and memory retention test was rumyyently incubated with secondary antibody, horseradish
after 5 days (T2, R#2) and 10 days catalpol treatment (T3eroxidase-labeled goat anti-rabbit(1:2000, Sigma, Amer-
R#3) again [9]. ica) for 30 min at 3T after washing 3 times (10min/
The following parameters were evaluated: number oftime). Peroxidase activity was detected using 3’,3'-dia-
learning retention errors, number of memory retentionminobenzidine (DAB) technique. Negative controls were
errors and percent correction (number of correct/20 xcarried out by similarly treating adjacent sections and

100). omitting the primary antibody preabsorbed with antigen
excess. Images for analysis were randomly selected. Semi-
2.5. Slice Preparation guantitative measurements of IR (immunoreactivity) for

. . . .. GAP-43 from hippocampal CA1l region, CA3 region,
Rats were deeply anesthetized by intraperitoneal injeCgeniate gyrus (DG) and frontal cortex regions were quan-
tion of ketamine and xylazine as determined by the abyifieq using computerized image analysis software (Im-

last Y-maze test. Slices were prepared as described [10§ata analysis was carried out blindly.

Briefly, perfused transcaraly with heparinized saline
followed by 4% paraformaldehyde, brain tissue were2 8. \Western Blot

removed carefully and put quickly into cold physiologi-
v Y PLt quickly | physiolog Hippocampus and frontal corteéissue were prepared on

cal saline. The right hemisphere was immediately dIS_4°C ice-water and added in schizolysis solution (0.15 M

sected from the frontal cortex and hippocampus over ic?\laCI 1% Triton X-100, 1% deoxycholow, 0.1% SDS

by the Glowinskid method, weighed for chemical analy—/10 mM Tris-HCI pH 7.4, 1% phenylmethylsulfonylflu-

sis. The left hemisphere from_ aged rats was fixeq in 4_0 ride), homogenized (10000 r/min, 10 min) with ice-
paraformaldehyde for 24 h. Tissues were frozen in seri old saline to split protein. Then the supernatant were
solutions of 10%, 20%, and 30% sucrose and embeddeﬁiozen at-20°C for western blotting analysis. 10@ of

in paraffin, then cut into §m of thickness slices. There- y4a) protein were separated by 12% sodium dodecy! sul-
after, the slices were immediately transferred to a SUbfate-ponacryIamide (SDS) gel electrophoresis for 2 h
merged-type slice chamber and permanently preserved. ang then transferred to PVDF membrane (Hybond, Amer-
All experiments were performed in accordance Withica) (room temperature, 220 V for 60 min). Equal protein

the National Institutes of Health guide for the care a”dloading was verified by Coomassie Blue Staining. Blots
use of Laboratory animal (NIH Publications No. 8023) were incubated with polyclonal antibody-(GAP-43) (1:400,
and were approved by the Dalian Medical University, Boster, China) diluted in 0% phosphate-buffered saline
Animals Research Committee. All efforts were made to(PBS) containing 0.1% Tween-20 for overnight &€.4
minimize animal suffering and the number of animals After incubation and 3 times washing in 0.1% PBS (10
used in this study. min/time), the samples were incubated in secondary an-
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tibody, horseradish peroxidase-labeled goat anti-mouse

(1:2000, Sigma, America)nd rocked for 1 h at room

temperature. After washing 3 times in PBS, membranes

were detected via Amersh&arEnhanced chemilumines-

cence kit (Amersham Corp, America)and exposed to

Kodak XARS films for 30 s - 3 min. Likewise, the level

of g-actin used as an internal control. Quantitative meas-

urement of protein level was performed using the Image @ (b)
J (NIH).

2.9. Statistical Analysis

Statistical analyses wererf@med using SPSS 10.0 and

for all analysis a probability of less than 0.05 was con-

sidered as significant. Thmean values for the protein

levels were computed for the control and catalpol-treated

rats for each group. Student$est (two tails, unpaired) (© (d)

was used for two-group comparisons. Linear regressiofigyre 2, Effects of catalpol on exploratory activity using
analysis was performed on the individual samples to evagpen-field test. (a) The number of crossing in horizontal
luate association between variables. Graphs were plotteaktivity; (b) The number of crossing in vertical activity; (c)
using Excel software. The results were reported as theocomotion scores; (d) Entering center time. 1, 2, 3 repre-

mean + S.E.M. with the S.E.M. represented graphicallyS€nts time before, 5 days and0 days after catalpol treat-
by error bars ment. Each value represents the mean + S.E.MP(< 0.05,

“P < 0.01 compared to young controls®P < 0.05,%P <
0.01 compared to aged controls).

3. Results
3.1. Effects of Catalpol on Spatial Learning and ~ * 0.27; catalpol-treated group: 0.89 + 0.16, P > 0.05)
Memory (Figure 2(d)).

The results of spatial learning and memory in y-maze
Rats were tested on 3 separate days (before/5 days/1Qs; were shown iffigure 3. In Y-maze, the number of

days after catalpol treatment) in the open field. We aimed;ja) times reached to learnirgiterion is lower and the

to study whether the improvement in learning and meMsa4q of correct response to avoid foot shocks is higher in

ory after catalpol treatment is course-dependent (5 day§aining (T3) and retention (R3) experiment procure for
and 10 days), therefore we did this on the same group Qfg cataipol-treated rats after 10 days administration com-
animal rats. pared with aged control group, which indicated catalpol
_ After caFaIpoI treatment for 5_days, the number of rear§,reased spatial learning am@mory of aged rats. After
ing, crossing and the locomotion scores were markedly; a5 catalpol administration, no significant changes in
increased than aged control group, however, there Wage nymper of trial timeseached to learning criterion
no significant difference between catalpol-trea‘Fed andy g correct ratio have beabserved in catalpol-treated
young gontrol groups on the number of crossing andgroup in training (T2), but correct ratio obviously in-
locomotion scoresHgures 2(a)-(c)). Moreover, the num- creased and the number of trial times significantly re-

bg_r of rearing of catalpol-treated for 5 days was S'9-quced in retention experiment (R2) in catalpol-treated
nificantly lower than that of young control groups. While rats compared with aged control group

locomotion scores, the number of crossing square, rear-
?ng and entering center time all has been significantlys 5 Histochemistry Assay
improved compared to aged groups for 10 days treat-
ment. Microphotographs of neuron structure in rat hippocam-
Entries into the center reflect exploratory behavior.pus are shown irfrigure 4. In both control and catal-
The phenotypic difference in center entries time reflectedool-treated groups, neurons in rat hippocampal CAl re-
a raise in exploratory behawiin catalpol-treated rats gion organized orderly with clear boundaries, the dark
after 10 days treatment (control group: 0.70 + 0.23; catalstained nucleus were largedatiear with well-distributed
pol-treated group: 0.26 + 0.14, P < 0.05). In addition,chromatin and little perinuclear cytoplasm. In hippo-
catalpol-treated animals perfoed a slightly decrease in campal CA3 region, neurons in both groups were orderly
center entries time after 5 days treatment, and there waaranged, cell nuclei were round and dark stained. In ad-
no significant difference in between (control group: 1.01dition, the astrocytes in catalpol-treated group were more

Copyright © 2012 SciRes. JBBS
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(@

(b)

Figure 3. Effects of catalpolon spatial performance in Y-
maze test. (a) The number of trial times reached to criterion;
(b) The rate of correct respone to avoid foot shocks (cor-
rect ratio). T, training test; R, retention test; 1, 2, 3 repre-
sents time before, 5 days and0 days after catalpol treat-
ment. Each value represents the mean + S.E.MP(< 0.05,
"P < 0.01 compared to young controls“P < 0.05,“P <
0.01 compared to aged controls).

Figure 4. Microphotographs of the neurons in hippocampus
tissue by HE staining (100x)before and after catalpol

treatment for 10 days. In bothcontrol and catalpol-treated

groups, neurons in rat hippocampal CA1 and CA3 region
organized orderly. In addition, the astrocytes in catalpol-
treated group were more than that in control group. Neu-

rons in dentate granule layer ofcontrol group were slightly

smaller than that of catalpol-treated group. There were

fewer neurons but more polygonal astrocytes in dentate
granule layer of catalpol-treated group compared to that of
control group. DG, dentate ganule layer. Scale bars: 200
pm.

Copyright © 2012 SciRes.
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than that in control group. Neurons in dentate granule
layer of control group were slightly smaller than that of
catalpol-treated group. Therwere fewer neurons but
more polygonal astrocytes in dentate granule layer of
catalpol-treated group compartedthat of control group.

3.3. Effects of Catalpol on GAP-43 Protein
Levels in Hippocampus and Frontal Cortex

The distribution of GAP-43 protein containing neurons in
the hippocampus was shown kiigures 5 and6. After
catalpol treatment for 10 days, GAP-43 expression in
hippocampal CA3 and dentate granule layer was signifi-
cantly enhanced compared tone@sted aged rats. In con-
trast, levels of GAP-43 prein in the hippocampal CAl
region were not significdly different between catal-
pol-treated and untreated groupsg(re 5). Since there
was no significant difference of GAP-43 expressed in
frontal cortex (data not shown), the neurons with GAP-
43 IR in the hippocampus were further observed and
guantified. As shown ifrigure 6, quantification of GAP-

43 protein in hippocampal CA3 region and dentate gran-
ule layer revealed remarkable increase in catalpol-treated
rats (P < 0.05). There was no difference in levels of GAP-
43 protein in CAl region between control group and ca-
talpol-treated group (P > 0.05).

Western blot analysis demonstrated a catalpol-associ-
ated increase of GAP-43 imippocampus after 10 days
treatment than that of control group (P < O0.(Hipgres
7(a) and (c)). However, there wano significant differ-
ence in GAP-43 protein exmson frotal cortex between
the untreated and capal-treated groupsHgures 7(b)
and(d)).

Figure 5. Microphotographs showing GAP-43 immuno-
staining (left) and neurons with GAP-43-IR (right) in the
hippocampal regions of rats béore and after catalpol treat-
ment for 10 days. Immunohisbchemistry staining showed
the increase of GAP-43 protein in the hippocampal CA3
region and DG of catalpol-treatel rats compared to that of
aged rats (control group), but no obvious changes were
found in hippocampal CA1 regim. The smaller boxed areas
were corresponded to the regions of the hippocampal re-
gions in high magnification. DG, dentate granule layer.
Scale bars: 25 m (left column), 100um (right column).
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3.4. Correlation between GAP-43 Protein
Expression and Spatial Task

ischemic animal models cancrease cognition on the
Y-maze [4]. In the present study, we confirmed that
catalpol can reverse spatial learning and memory deficits
and demonstrated the effects of catalpol on behavioral
dysfunction of aged rats with memory loss.

We used Y-maze to investigate the role of catalpol on

The hippocampal GAP-43 protein level was correlated
with scores of locomotion (r = 0.850, P = 0.032ig(re
8(a)) and entering center time (r =0.936, P = 0.006)
(Figure 8(b)) in open-field test. Increasing in GAP-43 ; i .
protein in hippocampus was also correlated with the reSPEcial memory in aged rats. Y-maze is widely used for
duction of percent errors in memory retention (R#3) ileentlflcat|on of. discrimination learning, spathl altera-
Y-maze test after 10 days catalpol treatment (r = 0.821, pion tasks, working and reference memory, particularly as

= 0.045) Figure 8(d)), but not with that in learning re- an evaluating test of memory function in AD [9]. Nu-
tention (T3) (r = 0.596, P = 0.21&igure 8(c)). merous studies have reported the aged rats and transgenic

rats of AD models displayed a severe deterioration in the

4. Discussion spatial learning and memory on the Y-maze [14,15]. Our

Animal models have played a major role in studying the
behavioral and neuronal mechanisms underlying drug
effects [11]. In the present study, we aimed to determine
whether catalpol can regulatentral neuroplasticity in
aged rats with memory loss. Aging has negative effects
on neuroplasticity and consequently, on learning and
memory. For example, a study has showed that there is
reduction of GAP-43 levels in hippocampus of aged rats
[12]. The decreased capacity fdasticity with age might
represent a continuous jpess of which aged-related
memory loss is an inevitable endpoint. Nowadays there is
consensus that age-related changes in the neuroplasticity
may play an important role on the on-set and progression
of aged-related memory loss [13]. Based on that, we used
spontaneous aged rats, which could fully exhibit the
age-related typical neuroplasticity changes and impair-
ment in tasks of spatial learning, attention and memory
[11].

(@) (b)

4.1. Catalpol Increases Spatial Performance and

Behavior Response ©

Previous studies have shown that catalpol treatment of

(d)

Figure 7. Effects of catalpol on GAP-43 expression in hip-
pocampus and frontal cortex. Western blots from catal-
pol-treated rats demonstrated improved GAP-43 expression
in hippocampus (&), but not infrontal cortex (b) compared

Figure 6. Semi-quantitative measurement of GAP-43 im-
munoreactivity (GAP-43 IR) was quantified in hippocampal
regions. No significant change in GAP-43 protein expres-
sion were observed in hippocampal CAl region between
catalpol-treated rats and untreated aged rats. Each value
represents the mean + S.E.M."P < 0.05 compared to con-
trols). DG, dentate granule layer.

Copyright © 2012 SciRes.

with untreated aged rats. Densitometric analysis of blots
showed that the total amount of GAP-43 protein in hippo-
campus of catalpol-treated ratswas significantly more than

that of untreated aged rats (c). However, there was no
change in GAP-43 protein expression in frontal cortex be-
tween two groups (d). C, control group; T, catalpol-treated
group.

JBBS
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(@

(b)

©

(d)

Figure 8. Correlation between hippocampal GAP-43 pro-
tein expression and spatial tasks. The results represented a
positive correlation betweenhippocampal GAP-43 protein
and the locomotion scores in open field test (a, r = 0.850, P =
0.032), while the entering center time were in reverse ratio
(b, r = -0.936, P = 0.006). The levels of GAP-43 were posi-
tively correlated with the percent correction in memory
retention (R#3) within the Y-maze test (d, r = 0.821, P =
0.045) and there was no correlation between GAP-43 pro-
tein and percent correction in learning retention (T3) (c, r =
0.596, P = 0.212) after 10 days catalpol treatment. Each
value represents the mean + S.E.M @ < 0.01 compared to
controls).

Copyright © 2012 SciRes.

results showed that catalpol could decrease the number
of trials to reach learning criterion and reduce the times
of mistake, as well as improvbke correct ratio of escap-
ing foot shocks in Y-maze gk during training and reten-
tion experiment procedure after 10 days treatment, which
indicated catalpol can ameliorate the impairment of spa-
tial learning and memory of aged rat. Guial has re-
ported rehmannia could improve the function of learning
and memory of AD rats, like decreasing the times of
mistakes and prolonging the incubation period in step
down task, shortening the incubation period of seeking
the platform, and improving the rate through the platform
position in Morris water maze task [16]. Similarly, the
learning and memory of aged rats treated with rehmannia
compound also have been improved [17]. Wanhgal
pointed out that catalpol could improve memory and
protects the forebrain neurons from neurodegeneration
through increasing brain-derived neurotrophic factor
(BDNF) expression [18]. Although there are few studies
on the effect of catalpol on memory deficits of aged rats
with memory loss, our previous studies have found an
increase in spatial memory in ischemic animal models
that have received catalptieatment [4,19]. Together
with our present experimental results, it seemed that
catalpol may play an important role on memory deficits
induced by injury and aging and it may reverse age-as-
sociated spatial memory abnormalities of aged models.

The progressive impairment of cognitive functions in
aged often parallels with other abnormal behavior func-
tions such as exploratory, attention and emotion [11]. In
this study, we used open-field test to investigate the be-
haviors in aged rats. The open-field test is the most
widely test in animal psychology, which is used to meas-
ure locomotor activity and exguatory [8]. Some studies
demonstrated that both locomotor activity and explora-
tory, which reflected responses to novelty, were reduced
in aged animal models with memory loss [20].

The evaluation of the different behavioral measure-
ments obtained in the open-field test provided clear evi-
dence that application of catalpol would induce obvious
behavioral alteration. Catalpol-treated animals performed
high scores of locomotor and shorter entering center time,
which were involved in the magnitude of activity and
exploratory motivation, reggtively. These new finding
demonstrated that catalpol could prevent behavioral defi-
cits in an aged model.

4.2. Catalpol Enhances GAP-43 Level in the
Hippocampus

Although there are several reports about an involvement
of catalpol in learning and memory impairment, the

mechanisms that regulate cognition still remain unknown.
One possible mechanism may be the neuroplasticity re-

JBBS
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gulation. To determine whetheatalpol could influ- ence Indeed, even within highly vulnerable regions, such as
neuroplasticity, we examined the GAP-43 level in hip- hippocampus, neurons are affsttto a variable extent,
pocampus and frontal cortex of aged rats that receive@vhich may explain why catalpol selectively increases
catalpol administration. GAP-43 is a growth-associatedGAP-43 expression in CA3 and DG regions. It has been
phosphoprotein expressed at high levels in neurons dudocumented that selective susceptibility affects hippo-
ing development, axonal regeneration, and neuritic sproutcampal regions to a different extent. CA3 pyramidal cells
ing, which is probably functionally important for the were mostly affected in normal aging and following
structural remodeling of synapses as required for learningypobaric hypoxia, whereas CA1 cells were especially
and establishing new memory. It is involved in matura-affected following corticosterone administration, global
tional and plasticity-associatguocesses, and changes in jschemia and ChE inhibition [26]. The hippocampal CA3
GAP-43 expression are a marker of altered plasticity fol-and DG neurons are particularly vulnerable to degenera-
lowing experimental and neuropathological lesions [21]. tion and death in association with aging, whereas CA1
In immunohistochemistry, we found that there was aneyrons show little evidence of degeneration during
clear raise of GAP-43 leveh the hippocampus after normal aging or in aged dementia [27]. One study has
catalpol treatment. Semi-quantitative analysis showed;howed that the baseline levels of GAP-43 mRNA de-
that GAP-43 IR in hippocampal CA3 region and dentatecreased with age, especialiy the CA3 region [12].
gyrus in the hippocampus had been markedly increasedrherefore, these results indicated that neuroplasticity of
The results of western blotting were consistent with thesome regions in the brain vulnerable to age-related de-

immunohistochemical results,e., increased levels of generation is more likely to recover after catalpol treat-
GAP-43 in hippocampus. Previous analysis has showmpnent.

that GAP-43 is significantly lower in aged rats than con-

trols in the hippocampus [21]. The finding is supported4. 3, Increased Hippocampal Levels of GAP-43

by the majority of studies investigating the levels of Are Correlated with Spatial Memory and
GAP-43 in various brain regions of AD patients [22,23]. Behavior Response

We once hypothesized thaaitapol could increase pre- ] ) )
synaptic proteins and up-regulate relative signaling moleThe present results also sugge;ted that little dlffgrence in
cules in the hippocampus of the aged rats [10]. Downhippocampal GAP-43 expression could be critical for
regulated and aberrant neuronal GAP-43 expression a@patial performance and behavior response in aged rats
pears to indicate an important molecular lesion that preWith memory loss. Correlation analysis showed that the
cedes and progresses with the widespread synaptic digicreased hippocampal levetsf GAP-43 induced by
connection and dementia in AD [24]. Our results showedcatalpol treatment was associated with spatial memory
that the decreased GAP-43 leirelged rats can be ame- performance, those rats with higher hippocampal GAP-
liorated, at least in part of, by catalpol, which suggests43 expression required less trial times to reach learning
that catalpol may overcome some age-related deficits igriterion, and they showed more correct response to
neuroplasticity. avoid foot shocks in the retention experiment. Studies by
Previously experiments shed that GAP-43 was also others have suggested the amount of GAP-43 in the hip-
significantly lower in aged rats in the frontal cortex [21]. pocampus is significantly coregked with performance in
However, we did not find catalpol increase GAP-43 pro-the memory task [3,28], and they are consistent with our
tein levels in frontal cortex, which suggested that catalpofindings. We can draw a conclusion that catalpol may
may mainly affect hippocampaeuroplasticity. One ex- increase memory by up-regulating GAP-43 level in the
planation of why neurons in hippocampus and frontalhippocampus of aged dementia rats. Data from our stud-
cortex respond to catalpol differently may be the selecies provided an indirect evidence to support the hypothe-
tive neuronal vulnerability to aging. Brain regions, par- sis that the level of GAP-43 would determine the achieve-
ticularly those involved in learning and memory, which ment level of memory-associated performance.
demonstrate neurons withinetrentorhinal cortex (EC) Results also showed that the increased hippocampal
and hippocampus degenerate in AD are particularly vul-GAP-43 is positively correlated with locomotor scores
nerable to the consequences of chronic neuroinflammaand reversely associated with the time entering center.
tion and aging [25]. Evidence for loss of hippocampal Animals with higher GAP-43 levels performed better
neuroplsticity is common in the brain of aged dementialocomotor activity and exploratory behavior in open field
patients [22]. These results indicate that intrinsic differ-test. Our data provided the first evidence of a possible
ences of brain regions in the neuronal vulnerabilityrole for catalpol in the rescuing behavioral deficits in
linked to neuroplasticity may account for selective actionaged animals by affecting hippocampal GAP-43 level.
of catalpol. Neurons with a high degree of vulnerability Since there are few studies about the involvement of
to aging are apt to respond to catalpol. GAP-43 level and behavioral response, further studies

Copyright © 2012 SciRes. JBBS
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are required to clarity the tieraction between behavioral
function, GAP-43 expressioand catalpol. The current
data at least supported a new concept that catalpol cddl
increase GAP-43 levels of hippocampus, consequently
block loss of neuroplasticity and rescue behavior deficits
in aged rats.

Thus, it is speculated that catalpol may enhance spatiz;f]
memory and behavior response of aged rats via up-
regulating GAP-43 level in hippocampugarticular in
some regions such as CA3 and DG. The increments in
GAP-43 expression will act to enhance the network plas{s]
ticity potential on affected regions. One potential mecha-
nism of catalpol leading to ¢hobserved increase of hip-
pocampal neuroplasticity can ltieat catalpol can boost
deafferentation resulting from plasticity. Indeed, just
such a response of deafferentation has been observed %
PC12 cells of catalpol-treated [29].

Certainly, our new findings only initially suggested a
positive role of catalpol on age-related loss of neu-
roplsticity as many other factors may participate in neu-7
roplasticity loss in aged-reled memory loss process. In
addition, Y-maze test only evaluate some aspects of cog-
nitive function. Further studies are needed to examine the
effect of catalpol on cognitive deficits and neuroplasticity [8]
loss using AD models and stronger learning tests.

In conclusion, the present results provided evidence to
support memory enhancing effects of catalpol and sug-
gested catalpol may have a potential effect on improvin
behavior response of aged-related memory loss. The mogig
important contribution of the present study is to demon-
strate that the protecting effect of catalpol on neuron is
in part of, due to neuroplasticity alterations via up-regu-
lating GAP-43 level in hippocampus. The results sug-
gested catalpol may be a useful natural drug for memory
loss with aging treatment by modulating hippocampal[ll]
neuroplasticity.

(10]
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