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Abstract: Problem statement: Despite the increasing importance of Alzheimer&edse, no effective
therapeutic strategy is available. Therefore, nguriective strategy is still required. Recent firgh
show that numerous substances possessing antibxidanmprove neurodegeneration and memory
impairment. Based on the antioxidant effect andréfsutation to serve as brain tonic in traditional
folklore, we hypothesized that porcine brain extraould mitigate neurodegeneration and memory
impairment. Therefore, this study was set up temeine the effect of porcine brain extract on mgmor
impairment and neurodegeneration in animal modeklaheimer’'s diseaseApproach: Male Wistar
rats (180-220 g) had been orally given porcinerbeaitract at doses of 0.5 and 2.5 mg'k8w for a
period of 4 weeks before and 1 week after the itidnof cognitive deficit condition as those fouimd
early phase of Alzheimer’s disease via the intréneuiar injection of AF64A, a cholinotoxin. Rats
were assessed the spatial memory using Morris wase test. Then, they were determined neuron
density in hippocampus using histological technggueMoreover, the assessment of
acetylcholinesterase (AChE) activity and malondidlgtle (MDA) level in hippocampus were also
performed.Results: It was found that both doses of porcine brain exteould enhance memory,
neuron and cholinergic neuron density in all sulmeg of hippocampus. In addition, the decreased
AChE and MDA were also observed. Therefore, outltessuggested that the possible underlying
mechanism of the extract might occur partly via tieerease in oxidative stress marker, MDA and
AChE. Conclusion: This study clearly demonstrates that porcine beaitract can protect against
memory impairment and neurodegeneration in animadleh of Alzheimer's disease. Therefore, it
should be serve as the potential food supplemeatjpvant therapy against Alzheimer’s disease and
other age-related cognitive decline. However, frttesearches about therapeutic range and possible
active ingredient are necessary.
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INTRODUCTION brain (Perryet al., 1999; Coyleet al., 1983). In
addition, this condition produces not only the @ati
The prevalence of Alzheimer's Disease (AD) suffocation but also the burden of public healtstem.
worldwide is markedly increased and becomes one of At present, there is no effective treatment
the biggest challenges for most societies througtimi  completely cures Alzheimer's disease. Most of the
world (Cruz and Tsai, 2004; Franasal., 1999). AD treatment can only slow down the progression of
has been recognized as a progressive, degeneratidesease. Moreover, most drugs used nowadays usually
disease characterized by memory loss, languagergeted at the cholinergic system by suppressing
deterioration, poor judgment and impaired visuaspat acetylcholinesterase (AChE) activity. Unfortunately
skill. The cognitive decline in AD especially inrBa  they usually produce undesired side effects (Lisgbn
phase has been reported to be associated with tla., 2004; Zarotskyet al., 2003; Woodruff-Palet al.,
dysfunction of cholinergic neurotransmission in the2001; Bickelet al., 1991; Sweenegt al., 1989). The
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most common undesired effects, related to cholinerg Drugs: Donepezil hydrochloride (Aricept) (Pfizer
stimulation in the brain and peripheral tissues|ude  pharmaceuticals Inc.) was used as standard drtlgsin
gastrointestinal, cardiorespiratory, extrapyramidal study. This drug was dissolved in vehicle (distille
genitourinary and musculoskeletal symptoms, as welvater and administered via oral route at dose ofgl
as sleep disturbance (Thompseh al., 2004). In kg™ BW based on the previous study (Haetgal.,
addition, the effectiveness of the mentioned agent2005). A standardized cytoplasmic fraction of poeci
also decrease with the increase in severity of ADbrain-derived brain extract (CF1) prepared by Taral
(Qizilbash et al., 2007). Therefore, the search for Institute of Scientific and Technological Research,
novel therapeutic approach, particularly from nakur Thailand, Ministry of Science and Technology,
products, with higher efficacy and fewer side effec Thailand. It comprised of a mixture of amino acids
has gained much attention. consisting of glutamic acid and aspartic acid 13860
According to numerous legends especially in11.03% respectively. CF1 was dissolved in vehiclé a
Traditional Chinese Medicine, various organs haveorally administered.
special properties that can be transferred if eatern
as penis are believed to improve sexual dysfunctiometermination of the cognitive enhancing effect and
whereas the brain are believed to add wisdom. &atinneuroprotective effect of porcine brain-derived
porcine brain was also believed to promote longevit brain extract (CF1) in memory deficit condition
and anti-aging. Recently, numerous studies inclyudininduced by AF 64A: AF64A was prepared as
our previous study have demonstrated thepreviously described (Fishet al., 1982). Briefly, an
neuroprotective and cognitive enhancing effectshef aqueous solution of acetylethylcholine mustard HCI
porcine brain-derived peptide preparation and perci (Sigma, St. Louis, MO) was adjusted to pH 11.3 with
brain extract. In addition, the extract also insesathe NaOH. After stirring for 30 min at room temperature
activities of various scavengering enzymes inclgdin the pH was lowered to 7.4 with the gradual additén
superoxide dismutase, catalase and glutathionéedela HCI and stirred for 60 min. The amount of AF64A was
enzymes (Korolevat al., 1999; Schwalet al., 1998; then adjusted to 2 nmol/2L. The vehicle of AF64A
Windisch et al., 1998; Gschanest al., 1997; Hutter- was distilled water prepared in the same mann¢hes
Paieret al., 1996; Jittiwatet al., 2009). Based on the AF64A and recognized as ACSF. The rats were
neuroprotective and antioxidant effects and thenbra randomly divided into 5 groups of eight each.
tonic reputation of porcine brain extract previgusl Group | Vehicle+ACSF; Rats were orally treated
reported, we hypothesized that the porcine brairaek  with distilled water which served as vehicle tomersd
might mitigate memory  impairment  and cytoplasmic fraction of porcine brain extract 4 ke
neurodgeneration in animal model of Alzheimer'sbefore and 1 week after intraventricular admintstra
disease. Therefore, this study was carried out tef Artificial CSF (ACSF), a vehicle of AF64A.
determine the effect of the mentioned extract aatiap Group Il Vehicle+tAF64A; Rats were orally
memory and density of neuron and cholinergic neuronreated with vehicle 4 weeks before and 1 weekrafte
in hippocampus of animal model of Alzheimer's the administration of AF64A, a cholinotoxin, in
disease induced by AF64A. In addition, the alteratf  order to induce a cholinergic deficit as found in
AChE activity and malondialdehyde (MDA) level, the Alzheimer’s disease.
oxidative damage marker, were also evaluated. Group Il Donepezil+AF64A; Animals were orally
treated with an acetylcholine esterase inhibitor,
donepezil (aricept), which known as standard darg f

Animals: Young adult male Wistar rats (180-200 g, 8dh§menti3 treatmentk ang fserved gs pOSitiVE C?tmmlhi
weeks old) were obtained from National Animal thiS study, 4 weeks before and 1 week after the

Center, Salaya, Nakorn Pathom and were housed fdministration of AFG4A
group of 5 per cage in standard metal cages at°Z2+2 Group IV-V CF0.5+AF64A and CF2.5+AF64A;
on 12:12 h light-dark cycle. All animals were given Rats received CF1 at various doses of 0.5 and 35 m
access to food and water ad libitum. The experimentkd ~ BW respectively at a period of 4 weeks before and
were performed to minimize animal suffering in 1 week after the administration of AF64A.
accordance with the internationally accepted ppies In order to administer AF64A bilaterally via
for laboratory use and care of European Communityntracerebroventricular (icv) route, the animalsreve
(EEC directive of 1986; 86/609/EEC). The anesthetized with the intraperitoneal injection of
experimental protocols were approved by thesodium pentobarbital at dose of 60 mg'kBW. Then,
Institutional Animal Care and Use Committee. AF64A (2 nmolL/2 pL) was infused bilaterally via
701
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intracerebroventricular (icv) route with a 30-gaugeplatform. In each trial, the animal was quickly edri
needle inserted through a burr hole drilled inte th with towel before being returned to the cage. ABts
skull into both the right and left lateral ventdsl in Morris water maze test were carried out withih 3
Stereotaxic coordinates were (from the bregma)min after the oral administration of the substances
posterior 0.8 mm, lateral +1.5 mm and ventral (from

dura) 3.6 mm. The rate of infusion was  1.0Tissue preparation for histochemical determination:
uL min™* and the needle was left in place for 5 min Folllowing anesthesia with sodium pentobarbital 1&g
after infusion and then slowly withdrawn. kg™ BW), fixation of the brain was carried out by

The cognitive function and neuronal density werelranscardial perfusion V\_/ith fixative solution caoniag
determined 1 week after the administration of AF64A4% paraformaldehyde in 0.1 M phosphate buffer pH
using escape latency and retention time in Morgisew 7.3. The brains were removed after perfusion aoikdt

maze test as indicators for cognitive function velasr OVer night in a fixative solution that used for fusion.
the neuronal and cholinergic neurons density inowar ~ 11€n, they were infiltrated with 30% sucrose soluti

subregions of hippocampus were used as indices fgPProximately 4°C. The specimens were frozen rgpidl
neuroprotective effect. and 20uM th_|ck sections were cut on cryostat. They

were rinsed in the phosphate buffer and picked mp o
¢ slides coated with 0.01% of aqueous solution ofgh h

Morris water maze test: The water maze consisted o . .
molecular weight poly L-lysine.

a metal pool (170 cm in diameter x58 cm tall) €lle
with tap water (25°C, 40 cm deep) divided into 4 . , i ,
quadrants. In the center of 1 quadrant was a rebieva Niss| staining: Duplicate coronal sections of the brains
escape platform below the water level and coverigdl w Were stained with 0.75% cresyl violet, dehydrated
a nontoxic milk powder. The pool was divided into 4 through graded alcohols (70, 95, 100% 2x), placed i
quadrants (NE, NW, SE and SW) by two imaginaryxyle”e and coverslipped with DPX mountant.

lines crossing the center of the pool. For eaclmahi ) ] ) )

the location of invisible platform was placed aeth Morphological analysis: Five coronal sections from
center of one quadrant and remained there througho§ach rat in each group were studied quantitatively.
training. The rats must memorize the platform lmeat Neuronal counts were performed b%’ eye using a x40
in relation to various environmental cues becabsest Objective with final field 255pum® and bregma
was nothing directly showed the location of theagsc coord!nanon according to the following stereotaxic
platform in and outside the pool. Therefore, thecoordinates;-AP -4.8 mm, lateral +2.4-6 mm, depth 3

four starting points (N, E, S, or W) along the pester ~ Processes. Counts were made in fivg adjacent faids
of the pool and the animal was allowed to swimlinti the mean number extrapolated to give total number o
found and climbed onto the platform. During tragin Neurons per 2squm’. All data are represented as
session, the subject was gently placed on theoptatf Number of neurons per 251",
by the experimenter when it could not reach the o .
platform in 60 S. In either case, the subject vedisdn ~ Determination of malondialdehyde (MDA): The rats
the platform for 15 s and removed from the poole Th Were divided into 5 groups as previously described.
time for animals to climb on the hidden platformswa After the last dose of administration, all rats ever
recorded as escape latency. In additon to thé&acrificed. Hippocampus was isolated, prepared as
acquisition test, the determination of retentionrmmey ~ hippocampal homogenate and the determination of
was carried out on the next day. MDA level in hippocampus was performed. MDA level
According to this test, the platform was removedwas indirectly —estimated by determining the
and the animals were place into the water mazéGc. accumulauon of yb|oba(b|tur|c acid reactive substs
The retention of memory or the time that the anima(TBARS), in the hippocampal homogenate as
spent to swim around the previous location of pratf ~ Previously described (Okhaveaal., 1979).
before removing the platform on the test occurrimg
the next day was also recorded. It has been postula Acetylcholinesterase (AChE) assayAn AChE assay
that if the spatial memory of the rat for the tedin was performed using the colorimetric method (Ellnain
platform location is accurate, the rat will swimttee al., 1961) with minor modifications. The hippocampus
platform location and search around the exact iogat was homogenized in 0.1 M phosphate buffer, pH & Th
Therefore, the more accurate the spatial memorhés, reaction mixture consisted of 2.6 mL of phosphatteb
greater the number of times rat swim across thedda (0.1 M, pH 8.0), 0.4 mL aliquot of homogenate antl 0
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mL of 0.01 M dithiobisnitrobenzoic acid (DTNB). &ft neurons particularly cholinergic neurons and syeaps
the addition of the substrate acetylthiocholineided in afore mentioned area, therefore, this study also
(0.075 M), change in the absorbance was noted ésery determined the effect of porcine brain extract be t
for 10 min at 412 nm using a spectrophotometer. Thé&lteration of neurons in various subregions of
activity was expressed as micromoles hydrolyzechper ~ hippocampus.  The results showed that AF64A
per gram of tissue. significantly decreased the density of neuronslin a
subregions of hippocampus as shown in Fig. 2 (p-
Statistical analysis: Data are presented as mean *value< 0.01). Both donepezil and porcine brainamttr
Standard Error of Mean (SEM). One-way Analysis ofused in this study were also able to increase the
Variance (ANOVA), followed by Dunnett’'s test. A density of survival neurons in all sub regions of
probability levels less than 0.05 were accepted akippocampus (p-value<0.001). The density changes
significance. were also significantly higher than that observad i
vehicle treated group. Our findings suggested that
RESULTS extract possessed not only the neuroprotectivecteffe
but also the neurotrophic effect, therefore, thraet
could stimulate the neurogenesis in hippocampus

; N . The present study also determined the density of
Figure 1 showed that AF64A significantly InCre"’I‘Q'Gdcholinergic neurons after various treatments in all

escape latency while decreased retention time inriMo ' . P

water maze test (p-value<0.01). This indicated tha§ubreg|ons of hippocampus as shown_m Fig. 3. T_he

AF64A  successfull induced  spatial memory CUTTeNt results showed that the cholinergic density
y P Y neurons in all subregions of hippocampus also

impairment. The positive treatment in this study or emonstrated the same patterns of changes after all
donepezil which had been recognized as Standa@eatments mentioned earlier.

treatment for memory deficit patients could revetse
changes of both the escape latency and retenti@iti  Effect of porcine brain extract on MDA level: It has
Morris water maze test. Therefore, these resultyeen previously reported that free radicals conteit
suggested that the standard treatment significantly,e important roles in various pathophysiologidates
improved the spatial memory deficit conditions ioéd jc|,ding in Alzheimer's disease. Thus, this studys
by AF64A. Both doses of porcine bram_ extract alsoalso set up to determine the effect of porcine rbrai
induced the same patterns of changes in both escag; » o the alteration of MDA, an indicator foee
latency and retention memory as those observeldein t radical’'s changes, in cognitive deficit conditicass that

positive treated group (p-value<0.001). Thus, puci found in Alzheimer’s disease. The results obtaiinech

brain extract also demonstrated the cognitiveh_ dv sh d th q itve deficit dtad
enhancing effect in memory deficit condition thiS study showed that under cognitive deficit aoo

particularly in animal model of Alzheimer's disease INduced by AFG64A, the MDA level was markedly
induced by AF64A. Based on the information of increased as shown in Fig. 4 (p-value<0.01). Both
previous study which demonstrated that the spatiafionepezil and porcine brain extract at dose ofrih
memory was tightly associated with the function ofkg™ BW could significantly reverse the elevation of
hippocampus which in turn depended on the dengity oMDA level (p-value<0.01).

Cognitive enhancing effect and neuroprotective efts
of porcine brain extract in Alzheimer's disease:

40 4 #H
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Escape latency Retention time
O Vehicle + ACSF BVehicle+AF64A B Donepezil +AF64A

ECF1 0.5 +AF64A BCF1 2.5 +AF64A

Fig. 1: Effect of cytoplasmic fraction of porcineain extract (CF1) on spatial memory in Morris wateaze test.
CF1 decreases escape latency but increases raténimin Morris water maze test. Values are exggésas
meantSEM (n = 8). Significance was determined usfdgOVA followed by Dunnett's test. ## p-
value<0.01 versus vehicle+ACSF; ***p-value<0.001stes vehicle+AF64A
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Fig. 2: Effect of cytoplasmic fraction of porcineain extract (CF1) on the density of survival newgan various
subregions of hippocampus. CFlincreased the deofsgyrvival neurons in all subregions of hippocasp
(a) The photomicrographs of coronal sections of Gslned with cresyl violet at 40x magnification).(bhe
neuron density in various areas of hippocampusafhre expressed as meantSEM (n = 8). Significance
was determined using ANOVA followed by Dunnett'sstte ##p-value<0.01 versus vehicle+ACSF;
***pvalue<0.001 versus vehicle+AF64A
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Fig. 3: Effect of cytoplasmic fraction of porcineain extract (CF1) on the density of cholinergizms in various
subregions of hippocampus. CF1 increased the gemsitcholinergic neurons in all subregions of
hippocampus. Values are expressed as meantSEM8n Significance was determined using ANOVA
followed by Dunnett’s test. ##p-value<.01 versuBigle+ACSF; **p-value<.001 versus vehicle+AF64A
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Fig. 4: Effect of cytoplasmic fraction of porcingain extract (CF1) on the level of malondialdehy{#DA) in
hippocampus. CF1 attenuated the increase in MDAl lsmduced by AF64A in hippocampus. Values are
expressed as meantSEM (n = 8). Significance wasrm@ied using ANOVA followed by Dunnett’s test.
##p-value<0.01 versus vehicle+ACSF;**p-value<0.@tsusvehicle+AF64A
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Fig. 5: Effect of cytoplasmic fraction of porcineain extract (CF1) on the activity of acetylchobterase enzyme in
hippocampus. CF1 attenuated the increase in abetylesterase enzyme induced by AF64A in
hippocampus. Values are expressed as mean + SEMS8]n Significance was determined using ANOVA
followed by Dunnett’s test. ##p-value<0.01 versahkigle+ACSF; *pvalue<0.01 versus vehicle+AF64A

Effect of porcine brain extract on the alteration d  can only slow down the progression of the disease.
AChE activity: The previous study had demonstratedTherefore, the research to explore the potential of
that spatial memory was associated with the funadd  functional food to manage this disease is focu3ée.
cholinergic system so this study was designed tgresent study showed that oral administration of
determine the alteration of acetyl cholinesteraseporcine brain extract possessed both the cognitive
activity, an indirect indicator of acetylcholine iwwsh  enhancing effect and neuroprotective effect in both
had been recognized as the principal neurotraremitt normal condition and cognitive deficit condition of
of cholinergic system. Under the cognitive deficit Alzheimer’s disease.
condition induced by AF64A, the activity of AChE sva Acetylcholine has been recognized as the most
increased after AF64A as shown in Fig. 5 (p-important neurotransmitter involved in the regulatbf
value<.05). The enhanced activity of AChE inducgd b cognitive functions. Numerous studies demonstrtted
AF64A was recovered to normal condition afterlinkage between the central cholinergic system and
donepezil and porcine brain extract treatments (pmemory (Ghelardiniet al., 1998; Penget al., 1997;
value<0.05). Olney, 1990; Parlet al., 2004). It had been shown that
the cognitive dysfunction was associated with the
DISCUSSION impaired cholinergic function and the facilitaticof
central cholinergic activity could improve memory
At present, there is no effective treatment toecur (Bhattacharyat al., 1993). Selective loss of cholinergic
Alzheimer’s disease completely. Most of the treattne neurons and decrease in cholinacetyltransferasetgact
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were reported to be characteristic features ofleseni possible that the neurotrophic effect observedhis t
dementia of the Alzheimer's type (Agnadtial., 1983).  study was due to the direct effect of the extrssli.
Our results demonstrated that porcine brain eltracTherefore, further investigation is still required.
could improve the survival neurons density and In recent years, free radicals had been repoded t
cholinergic neurons density in all subregions ofplay important role on neurodegeneration in various
hippocampus. Moreover, it also significantly desexh  pathological conditions including Alzheimer’s disea
AChE activity in hippocampus. Therefore, this (Dalle-Donne et al., 2006; Sayreet al., 2001).
suggested that porcine brain extract especialliowt — Therefore, the current study also determined tfecef
dose might contribute its role to enhance acetyiobo ¢ porcine brain extract on free radical changesgis
level in hippocampus partly via the ability to ie@se  he |evel of MDA in hippocampus as index. The resul
the survival of cholinergic neurons in this aredackhn demonstrated that the extract significantly attéedia
turn resulted_ in the increase in ac_e}ylcholin_e asie the elevation of MDA induced by AF64A. The extract
from the cholinergic neurons. In addition, the eased also attenuated the enhanced AChE enzyme activity

?‘Va"ab'e acgtylchollne In h|ppogampus was alse &bl induced by AF64A in hippocampus. Taken together,
increase via other mechanisms particularly the

suppression of AChE activity in this area the porcine brain extract might possibly improve th
According to the results from this study, the memory impairment in Alzheimer’'s disease model

density of survival neurons and cholinergic neuronsoartly via the suppression of AChE af:t|\{|ty. In a[dnh
were higher than those obtained from the vehicle! might also exert its influence via its antioxida
treated group, therefore, it suggested that theiper activity which resultgd in the mpreasgd neuronssity .
brain extract possessed not only the neuroprotectiveSPecially the density of cholinergic neuron, armai
but also the neurotrophic effects which in turnPetrochemical system playing important role on
stimulated the neurogenesis in hippocampus. Ouf€@rning and memory. _

results appeared to be corresponding with the pusvi The results from this study failed to show theedos
results which demonstrated the neuroprotective andependent manner. Since the porcine-derived braiace
neurotrophic effects of cerebrolysin, a commercialused in this study contained a peptide mixture\emtus
porcine derived brain extract containing peptideamino acids, therefore, the effect of active ingred
mixture (Schaueret al., 2006; Rockensteiret al.,  appeared may possibly mask by other components when
2003). Based on the previous fact that neurogenesi®e dose of the extract increased. Moreover, it alas
played an important role in learning and memorypossible that the dosage range used in this stadytie
(Snyderet al., 2005; Shors, 2004; Goutd al., 1999), doses which had produced saturation effect already.
the porcine brain extract might possibly exert itsHowever, due to the limitation of extract, we coulot

cognitive effect via its neurotrophic effect. further investigate the effect of other doses.
Previous study had demonstrated that neurotrophin
Nerve Growth Factor (NGF) promoted the growth, CONCLUSION
differentiation and survival of cholinergic neuroirs
the basal forebrain and was thus ideally suitecaas In summary, this study has shown that cytoplasm

cholinergic  therapeutic  (Jakubowska-Dogru — andfraction of the porcine brain extract possesses
Gumusbas, 2005). Exogenous NGF could rescue thgeyroprotective, neurotrophic and cognitive enhagci
cholinergic neurons in the basal forebrain and owpd  effects against neurodegeneration and cognitivizitlef
Iceosgsr:)lgzz r;ltjtgc(t\llgrllu:;novilr;f;llgeodgiruagﬁg c;)l:mclTsotlgsergloco ondition induced by AF64A. The neuroprotective
Pz and Thal, 2004 Fcher, 1994 Markovekal, 1ol XU 30snt APO4A may occur pert,
1994; Fisher and Hanin, 1986). In addition to NGF,th ine-derived brai tract h .b raifici
Brain Derived growth Factor (BDNF) was also € porcine-derived brain extract may have berslicl
recognized as a potent mediator of hippocampu§ﬁeCt_ |n, am_elloratlng the cqgnltlve def'c,:'t n
neurogenesis (Leet al., 2002). Since hippocampal Alzheimer's dllsease by prgmot{ng the survival of
neurogenesis had been linked to learning and memomeuron  particularly  cholinergic ~ neurons  and
(Shorset al., 2002; Madseret al., 2003) increased neurogenesis and the suppression of AChE enzyme
growth factors including NGF and BDNF which in turn activity in hippocampus. However, further reseasche
increased neurogenesis could be one of the possib&bout the therapeutic range, possible active ingnéd
mechanisms underlying the cognitive improvement ofthe effect on neurogenesis and chronic toxicity are
porcine brain extract treatment. However, it wasoal necessary before move forward to clinical trial.
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