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Abstract

In Britain, perennial ryegrass mostly fed (19809rotein content reached to
over 300 g /kg dry matter in young, heavily wittrogen fertilized grasses (high
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protein, potassium content); conditions for chromgpomagnesemia (see;
England- Wales; highest BSE incidence; rainy, coedther and ryegrass - low
magnesium content- feeding in high producing daoys, exception in the
world).

In 1987/88; there 156 confirmed BSE cases in 14ttedaerds (with at least one
confirmed case) and hypothetically was concludedf BSE has an origin in
MBM feeding, when majority of cows become infecteithe newborn calves,
based on the computer simulation models (see; bilycases BSE/ herd- not
classical infectious epidemy; without experimentanfirmation- MBM in
calves feeding).

In 1991/92; there 513 dairy and 1266 suckler cowdsievere sampled, and
serum blood Mg below 0.8 mmol/l was found in 28%coWws. Later, 1993/94,
there significantly higher dietary Mg- supplemematwas realized and BSE
incidence significantly decreased (Note; Czecha@#tovpatent -1991;
recommendation to increase the magnesium contentl®3%, in feed
supplements for cows).

Eurostat data (1990-2000) indicate that UK expaftsMBM was in total,
229,000 tonnes, mostly to the Africa- Asia; howewvet to Japan (see; after two
decades later; in Japan 36 cases and Third Wasldase of BSE, to date).
Dietary experiment (England, 2000) confirmed BSB%lof 47 dairy cows),
after long-term protein surplus, with ryegrass fegdwithout MBM).

Some other important details and relationships lv@lpresented at the Congress.

Introduction

Bovine spongiform encephalopathy (BSE) or ,mad ocdease” still raises

among people fears that humans can infect (nevanma@JD) from cows by; (a)
tainted meat, (b) infectious medical equipment-gmal instruments...,(c)

infectious blood... These three important hypothesesecessary to complete,
and to add the base important hypothesis, knowm fi®88 ( between the
general public still recognized as valid!), thatBifd the United Kingdom (UK)

was created after infection, when cows were fed tmmad bone meal

(WILESMITH et al. 1988). It was later supportedthgse two ,phenomenons®;
(a) ban on the feeding of meat and bone meal (MBMuminants in the UK

(1988) has resulted in a significant decline (1988}he number of reported
BSE cases (b) new variant form of Creutzfeldt-Jaftisiease in humans (vCJD)
has been discovered (1996), which may have beesedaby BSE agens.
However, there are several theories as to theroafBSE. A common one is
that scrapie crossed the species barrier througgtirig MBM made from sheep
infected with scrapie. The disease was then spréfadugh the UK cattle

population, by feeding MBM to cattle from infectegsminant sources including
meal made from cattle infected with BSE. Anotherinstieam theory of the

origin of BSE is that it arose spontaneously intleatmuch as sporadic
Creutzfeldt Jakob disease is believed to ariseiméns.



BSE lesions are characterized by sponge-like clsamgihe brain seen under an
ordinary microscope. Eating contaminated meat beroproducts from cattle

(excluding dairy products) with BSE is thought sthe cause of vCJD. BSE is
passed between cows through the practice of regydovine carcasses for
MBM protein, which is fed back to other cattle. B@SE and vCJD are fatal.
Symptoms of vCJD involve psychiatric symptoms arehdvioral changes,

movement deficits, memory disturbances, and cagnithpairments.

European countries; about the highest incidence BSE

to 2012 to 2000 ,BSE peak*

BSE cases BSE cases year/ cases
UK 184 621 180845 1992/ 37 280
Ireland 1653 442 2002/ 333
Portugal 1082 159 1999/ 159
France 1015 80 2001/ 274
Spain 785 0 2003/ 167
Switzerland 464 335 1995/ 68
Germany 412 6 2001/ 125
Italy 144 2 2001/ 48
Belgium 133 19 2001/ 46
Netherlands 80 8 2002/ 24
Poland 73 0 2005/ 19
Czech Rep. 30 0 2005/ 8

Through the end of 2012; 184,621 cases of BSE (yntes2000 year; 180,845
cases) had been confirmed in the United Kingdom)(WKmore than 35,000
herds, BSE peaked in 1992 (37,280 cases).

In 2001, the EU introduced compulsory testing orEB8s the table shows,
until then was greater incidence of BSE detectdgl mnireland, Switzerland,
Portugal, France. Conversely, from 2001 therehgginning of BSE incidence
in other EU countries, see in particular Spain.

As in the UK after finding BSE in 1986 (in 1987,644ases) and similarly in
Spain after finding BSE (2001, 82 cases); so in pinevious period the
population probably has consumed hundreds (thosSandof BSE affected
animals (including nerve tissue). However, aftemadt 30 years later, the
resulting infectious new variant CJD (vCJD) in tb& almost not occurred
(2007- 2011; only 18 cases), when in 2000 theredisease peaked (28 cases).
How can this ,phenomenon® be explained? In addjtibe vCJD statistics are
available (internet) only to 2011.



NOTE; The incidence of vCJD disease was (UK) frd@@3.following; 1995 ( 3
cases vCJD);1996 (10);1997(10);1998 (18);1999 (2000 (28); 2001 (20);
2002 (17); 2003 (18); 2004 (9); 2005 (5), 2006 &7 (5); 2008 (2); 2009 (3);
2010 (3); 2011 (5 cases vCJD); TOTAL (176 cases@iD). In the all world
media, there igublished number of 176 cases, in fact it was onl§22
confirmed cases.

The table also shows that in addition to UK — Inellgalso in Switzerland in the
mid-90th years, has been the high incidence of BSf. not only to 2000 but
also later (from 2001; mandatory testing of BSEEI) was a higher incidence
of BSE in Western Europe, compared with Poland ted Czech Republic
(where the lower milk yield in dairy cowshn addition; were also cows in
Switzerland fed infected MBM originating from the UK?

Dairy cows with high milk production need in theede ration a high
concentration of protein. From experiences in tkedd Republic is known that
almost all the 30 cases of mad cow disease (BS&)okan detected in high
commercial dairy farms. For this, two cases of Bfakte been repeatedly found
in two herds of dairy cows. Even the last case detected in the farm where
high yielding dairy cows were fed organically (grapasture) but had the
possibility of unlimited (ad libitum) intake of protein concentrate Why the
BSE disease occurred only in highly commercial faemd not in the thousands
of other breeds with a lower milk yield, when MBMNagvin the Czech Republic
never fed in dairy cows (cattle)?

HISTORY about BSE/VCJD research; as a literature reiew
Why the BSE epidemic occured in the UK, especially?

1. Rainfall and the available water capacity of thié were major forage yield
determinants, with output in the UK ranging from06@14000 kg DM/ha
under intensive fertilization in 1980s (LEE, 1988).

2. In Britain perennial ryegrass is the most imporigpecies of sown pastures;
for example, the crude protein (CP) may range feanlittle as 30 g/ kg in
very mature herbage to over 300 g/kg in young, theafertilized grass
(McDONALD et al., 1988).

3. Highest pasture vyields in Europe, with a compaehfivhigh share of
grassland in total ruminant feed composition- 83%K, 1988).

4. According to ,50 — year review" about the fertilizapplications in the UK
(HEMINGWAY, 1999), there was mayby highest nitrogédertilizers
consumption in the world; in England and Walesgeggly (1983-1988).

5. In Britain- Ireland, a high intake of grasses irmmants; available water
capacity, high N (and K-fertilization by animal egments), cool and cold
marine climatic region; these circumstances aralider the subclinical
(chronic) hypomagnesaemia in ruminants.



6. However, in the UK, there was not interest aboatabgronomic Mg-research
in ruminants within twenty years period (1976- 1996 contrast it can be
interpreted, acording to the study of HEMINGWAY @8); that to the mid
of 1970s, in the UK there the agronomic Mg researels greatest in the
world.

7. Also, according to the DUA and CARE (1995), theraswthe greatest
Lveterinary* Mg-research in ruminants in the wonlohfortunately only to the
mid of 1980s.

8. However, with the high probability that after sifyceint increase of crude
protein in dairy rations (ARC, 1980) in mid- 198(@swas without equality
of oral Mg-supplementation.

9. This can show on the real probability about thengmal“ Mg-deficit in
British ruminants from 1950s to 1980s. From botlbljwations, there is
evidence about reality of the Mg-deficit also i thext decade years (1985-
1995) in British ruminants.

10.In 1991/92; there 513 dairy and 1266 suckler covdfievere sampled, and
serum blood Mg below 0.8 mmol/l was found in 28%cofvs (McCOY et
al.,, 1993). And after 1993/94 period, there is soew&ence about the
increase of additional dietary Mg-supplementatiorthie UK dairy rations
(McCOY et al., 1994).

1988; First epidemiological BSE study suggested ththe majority of cows
become infected by MBM in calfhood

First epidemiological study suggested (see; ,suggéonly- not ,found”) that
the majority of cows become infected by BSE (MBMd&g), when they are
calves, and that the disease may be a variati@trafpie — a disease in sheep,
which has altered and ‘jumped’ species. Alread thitially a computer
simulation model (WILESMITH et al., 1988), wasconstructed in intention
determine the hypothesis that BSE is caused narmissible agent.

Summary; This study, initiated in June 1987, describes thelemiology of
bovine spongiform encephalopathy (BSE), a recendlgscribed novel
neurological disease of domestic cattle first ideat in Great Britain in
November 1986. Records suggested that the easlispected cases occurred in
April 1985. There was variability in the presentsigns and the disease course,
but the majority of cases developed behaviourabrdexs, gait ataxia, paresis
and loss of bodyweight; pruritus was not a predamirsign. The form of the
epidemic was typical of an extended common souncevhich all affected
animals were index cases. The use of therapeutagocultural chemicals on
affected farms presented no common factors. Spedgnetic analyses
eliminated BSE from being exclusively determined &iynple mendelian
inheritance. Neither was there any evidence thatas$ introduced into Great
Britain by imported cattle or semen. The study sufspprevious evidence of
aetiological similarities between BSE and scragisheep. The findings were
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consistent with exposure of cattle to a scrapie-digent, via cattle feedstuffs
containing ruminant-derived protein. It is suggdstbat exposure began in
1981/82 and that the majority of affected animasdme infected in calfhood.

Results; The frequency of the presenting clinical recorded 56 confirmed
cases; The most common history given by the hendsmas ,nervousness”. The
distribution of 145 herds, with at least one cand case, by their cattle
purchasing policy and the presence of sheep ofathesince 1980 showed that
in 15 per cent of herds no cattle had been purchase 20 per cent of herds had
had no contact with sheephe use of a computer based simulation model
indicated that the values of the age specific imcads observed in 1987 were
consistent with the following features. First, bathlves and adults (over two
years old) have been exposed, but the risk foresalvas 30 times that for
adults; secondly, exposure of the cattle populatmmmenced in the winter of
1981/1982 and continued to at least the end of E9&# thirdly, an incubation
period with the range 2-5 years to at least eigkiry and a log normal
distribution. The maximum incubation period thatiicbhave been observed in
1987 was six years. Further epidemiological datdl 888 and subsequent years
Is needed to determine whether exposure continiied1®84.

NOTE; In the text of article ,Bovine spongiform amphalopathy:
epidemiological studies” (WILESMITH et al. 1988)hiwh became the basis for
infectious ,BSE — scrapie — vCJD“ hypotheses, theoeinformation about
MBM feeding. Somultiple cases of the BSE were found (145 cattle fus),
when no MBM was fed to ruminants, in the field condions! No experiments
have been conducted if cattle were fed MBM, infdcigith BSE under
controlled conditions to show, unequivocally, tt8M can act as the vector of
BSE.

1989; Epidemiology of BSE in Northern Ireland and ®wborn calves
feeding

At the same time (since 1988), in N.lIreland — nedieg MBM in cows;

WILESMITH’s team, four years later published; ,Bo&i spongiform

encephalopathy in Northern Ireland: epidemiologiglaservations 1988-1990“
(DENNY et al. 1992).

Later, by detailed epidemiological investigationBSE (at the same time, since
1988 - 1680 cases), WILESMITH's colleagues fourst aho feeding MBM* in
cows (only ,suggestion“). See the article ,Epidelogy of bovine spongiform
encephalopathy in Northern Ireland 1988 to 1995EKDY and HUESTON,
1997).

Perhaps infections in calves as a ,computer maddifgs”, were based on the
authors (WILESMITH et al., 1988) ,personal“ expewe from one dairy herd
(Northern Ireland), published (April 1989) in theByitish Veterinary Journal*

(WINTER et al., 1989).



And about results, writing in this articl&durteen cases of bovine spongiform
encephalopathy (BSE) were diagnosed on the basis @inical examination

in a closed herd of British Friesian cows during a@-month period from
October 1987 until June 1988. No protein of aniarain had been fed to either
heifers or cows in this herd during the past 5 yeand there had been no direct
contact with sheep. The epidemiology of BSE in tkijsort suggests that, if the
postulate of Morgan (1988) is correct, infectioningested within the first 6
months of life and there then follows a 4-5-yeariqee before clinical signs
appear*.

The herd consisted of 500 cows, the average laotgield was 5500 litres in
305 days. Following calving, the cows were fed grsilage on a self-feed basis
from the clamp face. Since 1983 only maize glutes Iheen added to the ration
fed at a flat rate of 5 — 0 kg per head per dayweéier, only in the chapter
,Discussion” (not as results) was commented, seetéxt; ,Only 12 kg of
animal ,protein of ruminant origin“ had been incorated into the proprietary
compound feedstuff fed to the calves from 2 weeksto 6 months old".
Additionally, it is interesting that in this sciéfit journal is a suspected
infection written in the study summary, which issed only on brief and
inaccurate data on feeding animal proteme&t meal or MBM or another
ruminant protein supplement?), to calves, mentioned in the discussion of the
study. More important, howevenaccurate data (maize gluten meal or maize
gluten feed?)in the results of a study which says that the covene fed 5 kg of
corn gluten. If it was a maize (corn) gluten maad daily dose of 5 kg, it would
represent a daily intake of 2.5 kg of protein, vdhreould mean a huge excess of
protein. Corn gluten feed should not be confusetth worn gluten meal. Corn
gluten meal has 2 times the protein content (5006pm gluten feed (25%).

And what was published about animal protein fed tacalves?In this time of
the mid of 1980s WARNER (1984) reported no advamtag using
undegradable protein (UDP) sources in calf stadtets! Twenty years later
(2004), see the study ,Calf Starter Research, Pr&eurces for Calf Starters®;
there was concluded that; Sources of rumen undedrpcbtein appear to have
little value for starters. Also, there appears ¢ono advantage to feed starters
that contain more than 18% crude protein, even wherstarters are formulated
to be equal in rumen degradable and metabolizableip.

Higher additional dietary Mg-supplementation in dairy cows as an
European ,phenomenon” at the beginning of 1990s; ahdecrease of BSE
incidence in the UK

The official scientific statement about the 5-yeiacibation period of the BSE
Is based on the feed ban of MBM (1988) and the BSkElence decrease (after
1993). Putting this“phenomenon” into the practicainditions; significantly
higher additional dietary Mg-supplementation - ¢ena cause about the BSE
incidence decrease in the UK, after 1993/94 period.



See the article; ,Providement for an optimum supgdlgodium and magnesium
to the feed rations of dairy cows and high pregreiters* (HLASNY, May
1989) published in Czechoslovak scientific jouryigbl. Chem. Vet.” (Prague).
These results were also published by the“Czechakl®atent Office” in Prague
(HLASNY, 1991), see ,Mineral supplement for breegoattle”. Patent No. 274
171. These recommendations that much more magnefoym180%) is
necessary in dairy mineral supplements; reallywas commonly realized in
Europe, at the beginning of 1990s.

This phenomenon about the ,European great Mg isteed the beginning of
1990s, we presented at the ,3rd European Congmeddagnesium® (March,
1990) in Geneve, see the article; ,Mechanism of d¢higin of magnesium
deficiency in feedstuffs and in nutrients”, pubéshin ,Magnesium Research*
(HLASNY and STEIDL, 1990).

Increasing interest about dietary cattle Mg-supplyng in the UK from
1993/94

In the UK veterinary journals (period; 1985-199%bkre is only one information
(article) about the cow hypomagnesaemia testingO®¢ et al., 1993)- from
Northern Ireland (clotted blood samples submitteddasr the Brucellosis
Eradication Scheme were used for this survey). &hB43 dairy and 1266
suckler cow herds were sampled during the grazeepsa from March to
November 1991 (to February 1992- suckler cowsyds found; serum blood
Mg below 0.8 mmol/l in 14.1 of dairy and in 33.9%sunickler cows. The peak
of hypomagnesaemia incidence; in both dairy an&lsuterds occurred in the
period from March to June. In addition, in 8.2%satkler cows — the blood Mg
below 0.6 mmol/l was found!

One year later, report from McCOY et al. (1994)aides a novel method to
evaluate the most popular commercially availablel&aed magnesium blocks —
as oral mineral Mg-supplement in cattle feedingerEhare other informations
(from their survey- article); about the evidenceMd- oral supplementation
increase in the UK cattle. There is evidence that992/93 period; additional
dietary magnesium- preferably be given as an oiakral supplement, rather
than by attempting to modify the mineral content lérbage- by Mg
fertilization.

1999; Agronomic ,,Mg- research” in the UK, findings

HEMINGWAY, R.G.; The effect of changing patternsfeftilizer applications
on the major mineral composition of herbage in relation to the
requirements of cattle: a 50 — year reviewAnimal Science, 69, 1999; 1-18

According to the paper of HEMINGWAY (1999), in théK there was the
greatest ,agronomic“ Mg-research (in ruminants) in the world,
unfortunately only about to the mid- 1970s.This great Mg-research shows on



the real probability about the ,abnormal“ Mg-deffit1 the UK ruminants from

1950s to mid-1980s. However, later (1976- 1996}ha UK, there was not
interest about the Mg-research. In addition, witthiis 20-years period, there is
the begining of the BSE incidence in the UK.

This article shows that the long time research abwNPK fertilization in the
UK has been sumarized. In addition, the resultedas the literature review;
from the long time of high experienced author amgortant about the
~estimate” of Mg-deficit in the UK ruminants. There is evidence, that in the
UK was the intention to use high rates of N-fex@lis, especially; therefore
hyperammonemia in ruminants can be involved.

In addition, it seems that there is the similartigtween the individual
susceptibility in the hypomagnesaemic ,grass teétamgd the BSE (,indicator
cows" only); because the incidence of the BSE withidairy herd of similar
animals was very low- from 0.14 to 3.3% (WILESMIEtal., 1988).

1996 - 2009; The discovery of the human form of BSEew variant CJD
(vCJD)

In 1995 and early 1996, a small number of cas€3J&f with a remarkably early
age at death (29 years) were identified in the WKh an unusual clinical and
pathological phenotype for CJD, including extensiposition in the brain of
florid plaques. Research of this discovery wasiated by Dr. RG WILL
(National Creutzfeldt-Jakob Disease Surveillanc& WnEdinburgh), that wrote
the letter to UK neurologists (March 21, 1996),réhamong other things he
wrote the following;

.In the past few weeks we believe we may have ifledta new clinico-
pathological phenotype of CJD which may be unigquéhe United Kingdom...
COULD YOU PLEASE NOTIFY THE CJD SURVEILLANCE UNIT O F
ANY SUCH CASE WITH THIS CLINICAL OR
NEUROPATHOLOGICAL PROFILE, WHETHER OR NOT THE
PRESENTATION IS IN THE YOUNGER AGE GROUP. COULD YOU
ALSO CHECK YOUR RECORDS AND NOTIFY ANY SIMILAR CASE S
THAT MAY IN RETROSPECT FIT WITH THIS
CLINICOPATHOLOGICAL PROFILE . Four of the recently identified cases
were confirmed by brain biopsy. If you are condilgrbrain biopsy in any
suspect cases of CJD it is essential to follow Bepartment of Health
guidelines which state that neurosurgical instrusi@ised on any case of CJD
must be destroyed and not reused... The identificatioa form of CJD that
might be casually linked to BSE will result in wspread anxiety and
concern...”

After sending this letter to neurologist&ry quickly ( 15 days later) was the
discovery of new disease published ( Will RG at al.ancet. 1996 Apr 6)
there scientists say the following (Findings anedpretation);



.1en cases of CJD have been identified in the UKeicent months with a new
neuropathological profile. Other consistent feauieat are unusual include the
young age of the cases, clinical findings, and thkesence of the
electroencephalogram features typical for CJD. l@mtases have not been
identified in other countries in the European siilasgce system. These cases
appear to represent a new variant of CJD, which lb@aynique to the UK. This
raises the possibility that they are causally lthke BSE. Although this may be
the most plausible explanation for this clustecases, a link with BSE cannot
be confirmed on the basis of this evidence alanis. éssential to obtain further
information on the current and past clinical andiropathological profiles of
CJD in the UK and elsewhere*.

However, sporadic CJD disease has been diagnosetysly also in young
patients (PACKER et al. 1980; BROWN, P et al. 19BRITTON et al. 1995;
BATEMAN et al. 1995), but these are usually isalatase reports and there
was no evidence of PrP plaques. However, BROWN Bl @985) pointed out
that a histopathologically-verified, clinically tigal case of Creutzfeldt-Jakob
disease (CJD) was described in a 19 year-old gl & previous cases of CJD
have been reported in adolescents.

Panic ensued when it was discovered that humansthanfected cattle meat
could develop an equally horrific variant of thefCdisease, after WILL RG et
al, vCJD discovery in Lancet (April 199@mmediately afterwards, in May
1996, not only in Britain but throughout the world began to spread the
news of the vicious and incurable disease transm@tl from animals to
humans.

Next supporting evidence (gradually to 2009) al®SE and vCJD transmission
IS mostly related to description ihigh-ranking journals (Lancet, Nature,
Science, PNAS...), See some articles albowaibtain ,further informations®;

1. 'New variant' Creutzfeldt-Jakob disease (CJD) hesnscharacteristics...,
consistent with BSE being the source of this nesease COLLINGE J et
al.. Nature. 1996 Oct 24

2. We now find that the biological and molecular trarssion characteristics of
vCJD are consistent with it being the human coyaterof BSE Hill AF et
al. Nature. 1997 Oct 2

3. Our data provide strong evidence that the sametaiemnn is involved in
both BSE and vCJBruce ME et al., Nature. 1997 Oct 2

4. There is now considerable concern that bovine pr(®@SE) may have been
passed to humans, resulting in a new form of RUSINER SB; Science.
Oct. 10, 1997

5. Current evidence strongly supports the hypothésis there is a causal link
between BSE and nCJD disead8LL RG, Dev Biol Stand. 1998
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6. Prions are unprecedented infectious pathogens ¢hate a group of
invariably fatal neurodegenerative diseases byrdine®y novel mechanism.
PRUSINER SB., Proc Natl Acad Sci U S A. 1998 Nov 10

7. Our findings provide the most compelling evidenaalate that prions from
cattle with BSE have infected humans and caused fegurodegeneration.
Scott MR et al., Proc Natl Acad Sci U S A. 1999 D&l

8. As of December 31, 1998, 35 deaths had been d#dbto new variant
Creutzfeldt-Jakob disease (nvCJD) in the Unitedgdom. The median
illness duration was 14 months (range, 8-38 mordhsl) the median age at
death was 29 years (range, 18-53 ye&#)L RG et al. Ann Neurol. 2000
May.

9. Our findings raise the possibility that this infeat was transfusion
transmitted. Infection in the recipient could haween due to past dietary
exposure to the BSE agent. However, the age gbdkient was well beyond
that of most vCJD casedewelyn CA, et al. Lancet. 2004 Feb.

10.Commentary: The risk of vCJD Disease: reassurandeuacertainty. WILL
RG, Int J Epidemiol. 2005 Feb.

11.ldentification of possible transmission of vCJD \blod transfusion has
caused concern over spread of the disease witl@nhtiman population.
Bishop MT et al. Lancet Neurol. 2006 May

12.Incubation periods of prion infection in humans caxceed 50 years.
Wadsworth JD and COLLINGE J.; Biochim Biophys Acta. 2007 Jun

13.Bovine imports from the UK may have been an impdrsource of human
exposure to BSE and may have contributed to thbaglask for disease.
Sanchez-Juan P et al., Emerg Infect Dis. 2007 Aug

14 Recent advances suggest that prions themselvasotudirectly neurotoxic,
but rather their propagation involves productioriafic species, which may
be uncoupled from infectivityCOLLINGE J and Clarke AR., Science.
2007

150ur data presented here in two murine models stiggessignificant
alterations to transmission efficiency of the agetiowing human-to-human
transmission of vCJBishop MT et al, PLoS One. 2008 Aug 6

16.A retrospective review of the medical case notabefdeceased recipients of
vCJID- implicated blood components found no evidetie any further
cases...Gillies M, et al. Vox Sang. 2009 Oct

NOTE; The last two articles (2010) suggest thatethigre scientific saga of BSE
transmission to humans has questionable foundatiand thatboth CJD
diseases are not infectious, because they occurysporadically.

Variant or sporadic Creutzfeldt-Jakob disease?Brandel JP et al. Lancet.
2010 Mar 13;Variant CJD: where has it gone, or has it?Will B; Pract
Neurol. 2010 Oct;
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2000;The BSE disease was tested in dairy cows;“nittsnal experiment"
performed in England, see three articles;

1. Effects of altering energy and protein supply tarydaows during the dry
period. 1.Intake, body condition, and milk production. Dewhurst RJ,
Moorby JM, Dhanoa MS, Evans RT, Fisher WJ.; J D8y 2000 Aug

2. Effects of altering the energy and protein supplgairy cows during the dry
period. 2.Metabolic and hormonal responsesMoorby JM, Dewhurst RJ,
Tweed JK, Dhanoa MS, Beck NF.; J Dairy Sci. 200Q Au

3. Aspects of the metabolism of dairy cows during thencubation of bovine
spongiform encephalopathy Moorby JM, Dhanoa MS, Austin AR. Vet
Rec. 2000 Oct

This experiment was conducted using diets and otleaditions typical of
northwestern Europe, under well defined conditiohBusbandry and nutrition,
without MBM feeding. The effect of altering the anmd of protein and energy
over the final 6 wk of the dry-period diet and dhgyithe first 21 wk of the
subsequent lactation was investigated, in 47 deaws. Perennial ryegrass
silage was used ad libitum; final 6 wk of the deripd diet and during lactation
plus a concentrate with high crude protein (CPgll€22.5%) was fed. During
lactation daily total dry matter (DM) intake wasXa4 kg; the content of CP (N
X 6.25) was ca 20% during first 12 weeks, and c&%7of CP in the diet DM,
to the 22 wk of the lactation period. So, very high concentrations in the diet
used, and high levels of plasma urea-N (38- 43 nmviete found during lactation
and also during dry period (30- 36 mM). No clinicaétabolic disorders were
recorded. However, after the collection of the Iakiod sample (21 wk of
lactation), six of the 47 animals (so; 13 per ded#veloped clinical signs of
BSE (later histopatologicaly confirmed). Althougten they were sampled it
was not known that they were incubating the BSE.a8er long-term (28
weeks) dietary protein surpluss (18- 20%) was fedwhen only 15% of
protein in feed ration was needed, and cca 13 peme of dairy cows
developed BSE!Such a high percentage of BSE disease was newsr un
normal conditions in none of British cow herds fdun

NOTE; Unfortunately, this very detailed nutritiorperiment was not focused
on the metabolism of magnesium. The results on ithigortant trial, were
nowhere and never refered after 2000 (as a refertenstudies on BSE)!

When these articles about ,ryegrass toxicity“ oa €NS of dairy cows were

published; it was prompted to air my views in sésdof CNS neurotoxities by

nutritional causes. | reviewed about 200 paperthenCNS changes associated
with BSE, and detected a possibility that these haeisms have a strong

influence on CNS, especially in ruminants, and that BSE has its roots in a
more common nutritional problem (HLASNY, 2001), $egire;.
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The mechanism of the influence of magnesium defigiey with protein
excess; in the diet of ruminants (an example wheryegrass is fed) on the
NMDA receptor and the BSE emergence

(Hlasny, J.: Vyzkum v chovu skotu; March 2001)

Nervous diseases and connections with nutrition in ruminants

CNS
(Encephalopathy)

NUTRITION and "staggers"
in ruminants

LIVER
(Hepathopathy)

~

DECREASE of Mg in

blood — CSF, therefore Mg
does not compete with Ca
at voltage gated channels

OVERSTIMULATION of _ _ _L 5

NMDA receptor mediated
by excessive Ca entry
into cells: results to

NEUROTOXICITY,
neuronal injury
v
BS E?
4
AXONAL DEGENERATION

with secondary segmental
demyelination

f

INCREASE of ammonia
in blood- CSF

T

Mg-DEFICIENCY due to
high intake of K, N, P

Decrease of Mg in CSF
correlates in ruminants
with signs of tetany

|

GRASS STAGGERS:
Clinical signs are most
directly correlated with
Mg levels of CSF

REYGRASS STAGGERS:
Clin.signs: Fine tremor in
ear, head: stiff spastic
gait, spasm and tetanic
seisures, opisthotonus...

In irreversible stages:
axonal degeneration of
cerebellar Purkinje cells,
axons partial myelina-
ted,vacuoles are observed
in some torpedoes

HYPERAMMONEMIA
due to high intake of CP

S

UREAGENESIS in liver

is diminished if mitochondri-
al free Mg is low and

Ca prevails

HEPATOPATHY due of
diminished capacity of
liver to synthetize urea

|

LIVER INSUFFICIENCY
leads to increased
blood ammonia

T

HIGH DEGRADATION of
CP causes high ammonia-N
in rumen resulting in
hyperammonemia

A

d—
<

CNS: Central nervous system « CSF: Cerebrospinal fluid « CP: Crude protein
NMDA: "N-Methyl-D-Aspartate" receptor.
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This alternative ,BSE ammonia- magnesium theoryb&sed on the chronic
Mg-deficiency potentiated by hyperammonemia in mamis. This theory was
introduced with the well- known fact, that over fest 50 years yields (to 2000)
of many crops have increased roughly in proportmrihe increase in NPK—
fertilizer application. Luxury consumption of posasn (K) fertilizers, leads to

distortion of cation ratios in the herbage: concman of magnesium (Mg) was
reduced relative to potassium, especially.

According to the literature sources, lush grasately has an increased level of
crude protein. As this protein is readily fermem¢aht leads to increased
intraruminal ammonia concentrations up to 30- 70aMMMARTENS and
RAYSSIGUIER, 1980) and to a decrease in the avfitlaland absorption of
Mg (MARTENS et SCHWEIGEL, 2000; URDAZ et al., 200BONTENOT et
al.,, 1989). It has been observed that applicatibmittogen (N) fertilizer,
which may increase potassium (K) uptake by plamsg/a decrease Mg
utilization by livestock, often is associated withe occurence of tetany
(FONTENOT et al., 1973). The nutrient having thealest adverse effect on
Mg absorption is an excess of K in the ration, la®as by at least four sheep
experiments (GRACE, et al, 1988; DALLEY, et al, T99ACIRAPAKORN,
et al, 1996).

While non-ruminants absorb Mg primarily from thealimntestine, ruminants
are able to absorb much of their Mg requiremeniftbe rumen. In fact, the
reticulum and rumen can account for up to 80% efityg absorption along the
entire digestive tract (REMOND et al. 1996). Anategperiment with Holstein
cows fed a ,total mixed ration“ (TMR) confirmed ththe rumen was the major
site of Mg absorption (KHORASANI et al. 1995). Thederlying mechanisms
of this impaired M§" absorption from the rumen have been studied iivelys
by invivo and in vitro methods (CARE et al., 1984; MARNE et al., 1987),
and there is a growingpody of evidence that the active and transcellular
component ohet Mg uptake is significantly decreased by high rumiftal]
(MARTENS et al., 1987). There amany other controlled feeding trials
showing the negative relationshipetween K intake and Mg absorption
(SMYTH et al., 1958: KEMP, 1960: NEWTON et al., Z9POE et al., 1985;
WYLIE et al., 1985). The highest potassium (K) lewrea dairy cows TMR
resulted in reduced plasma Mg and reduced milldy{fEISHER, et al, 1994;
KHORASANI et al, 1997; FREDEEN, et al, 1995). Indéobn, the later study
(JITTAKHOT et al., 2004) confirmed earlier worksosting that the addition of
K to the ration of ruminants inhibits Mg absorption

Are common the clinical signs of BSE and magnesium
deficiency in cows?

a) The clinical signs of BSE

Most cases of BSE in Great Britain have occurredaimy cows between 3 and
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6 years of age with the initial clinical sigs: news, kicking, locomotor

difficulty, loss of condition, loss of weight, reced milk yield, abnormal

behaviour, nervous of entrances, temperament chaafjeng, aprehension,
aggression, dificulty rising, tremors, hyperaestneand recumbency. Other
clinical signs analysed for the 17,154 cases; atdicking in parlour, excessive
licking, head pressing or rubbing, abnormal earitjpos teeth grinding,

abnormal head carriage, head shyness... There weatimas in the frequency
with which some signs were recorded in animals eskat different times
during the epidemic (WILESMITH et al., 1992).

b) The causes and clinical signs of hypomagnesemia

Forages causing staggers in livestock include mpeserryegrass must be
considered in the differential diagnosis of hypomegemia. Expression of
clinical signs in ,ryegrass staggers® is most diseccorrelated with the
cerebrospinal fluid (CSF) Mg levels (SMITH, 199&everal factors adversely
influence Mg metabolism in cattle and may ,trigggrass tetany.: among them
drastic fluctuations in spring temperatures, prgth cloudy weather, organic
acid content of plants, hormonal status of the ahitevel of higher fatty acids
in plants, energy intake of the animal, and add#lostress — such as a dog
chasing animals, parasites, or a cold rain.

Why hypomagnesemia is not observed in ruminants on
warm season grasses?

There is the explanation; these grasses are lawukbe protein and potassium,
and higher in magnesium content; grown under a INWRK-fertilizers
application (hot weather- water stress is obviolife main advantages of the
grasses are their summer growth habit, providingmiemperate (cool) grasses
(perennial ryegrass, orchardgrass...) have become srmant, and their
ability to grow to use soil moisture efficientlyyBhe same token, they share the
disadvantage of all tropical (warm) og @asses in that their nutritive quality for
livestock is lower than that of temperate)(€pecies. This appears to be related
to higher fiber and lower crude protein, and patamsconcentrations in the
warm season grasses (REID and JUNG, 1982).

It is well established that tropical grasses contaiatively high concentration
of fiber and low levels of protein (PAYNE, 1966; BUERWORTH, 1967).
The fundamental differences in leaf structure (Kranatomy) and metabolism
of C, grasses result in marked differences in compaosdind nutritional quality
of tropical and temperate forages (NORTON, 1982\it6nmental conditions
exert a strong effect on composition of grasses result in slower rates of
degradation of fiber components in rumen (AKIN, @9&nd lower digestibility
by ruminants (MINSON, 1981).

Under tropical or subtropical conditions, pastulesed on ¢grasses are
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generally considered to provide no more than a teaance level of nutrition
for grazing animals. There are clear differenceth@concentration of minerals;
lower levels of Ca and P, and higher concentratadidg, Cu in tropical than in
temperate grasses (NORTON, 1982); and K concemiatquite low (mean
1.23% for 378 samples) with a high positive cotrefa with crude protein
(REID and JUNG, 1988)in tropical grasses. Tropmasses appear to contain
higher concentrations of Mg (0.36%) than tempergtasses (0.18%) -
according to NORTON (1982).

So neurodegenerative diseases, occurred to a greatextent, only in
ruminants (BSE, scrapie), because only in them, magsium is not absorbed

In the intestine, but in the rumen The excess of protein-nitrogen in the rumen
decreases absorption of magnesium. Most suffer mgignesium deficiency,
high yielding dairy cows, in which high milk prodiwan leads to the dysbalancy
between calcium and magnesium. Prolonged magnedaficiency leads to an
excess of calcium in animal tissues, and NMDA rémejpyperfunction.

And a final question?

Why the low incidence of BSE in the U.S. when thiera significant incidence
of ,grass tetany” in cows?

Response Because in the U.S. in nature only acute fornmygdomagnesemic
tetany is found. This is due to the fact that thee alternating periods of rain
with the prevailing drought, so the ,plateau” lotggm high protein content in
grasses are not present there. In contrast, irBthain during all year round
humid maritime climate, ideal conditions for thecowmence of chronic,
subclinical hypomagnesemia.

The BSE Inquiry in the UK, October 2000

The BSE Inquiry was announced in Parliament on 22einber 1997, and set
up on 12 January 1998, to establish and revievhiftery of the emergence and
identification of BSE and new variant CJD in theitdd Kingdom.

The cause of BSEBy the end of 1987 Mr John WILESMITH, had concluded
that the cause of the reported cases of BSE wasdhsumption of MBM,
which was made from animal carcasses and incogmbrat cattle feed. The
following provisionalconclusions of Mr WILESMITH, which were generally
acceptedat the time as a basis for action, were reasormltl@allacious:

- the cases identified between 1986 and 1988 weexifid, first generation)
cases of BSE;

- the source of infection in the MBM was tissues &t from sheep infected
with conventional scrapie;

- the MBM had become infectious because renderinghoadst which had
previously inactivated the conventional scrapienagp@ad been changed.
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However, The BSE Inguiry ,Committee* said; The cases of BSE identified
between 1986 and 1988 were not index cases, na they the result of the
transmission of scrapie. They were the consequente®cycling of cattle

infected with BSE itself. The BSE agent was spiaddBM.

BSE probably originated from a novel source earlyhie 1970s, possibly a cow
or other animal that developed disease as a coeseguf a gene mutation. The
origin of the disease will probably never be knowth certainty. The theory
that BSE resulted from changes in rendering methadso validity. Rendering
methods have never been capable of completelyivadiog TSEs.

Opinion on; Hypotheses on the origin and transmissn of BSE in cattle,
adopted by the Scientific Steering Committee at itmeeting of 29-30
November 2001

With regard to the origin of BSE;

The origin of the BSE prion is not known Many hypotheses have been
suggested, including for example an origin from nrahan species other than
cattle; a mutant form of scrapie agent, a natu®E Tn Bovidae or Felidae or

other wild animals whose carcasses were rendetedViBM, the existence of a

form of sporadic TSEs like CJD of humans, a spatdas mutation of normal

bovine PrP into an infectious and protease redit8k prion etc. For none of

these hypotheses is there enough data to eithstasuiate or to reject it.

Recommendations about lower protein intake in dairycows as
a “phenomenon” at the 2001/2002 period; and decrea®f BSE incidence

At the beginning of 1980s, for more productive higélding dairy cows more
of protein was required, including UDP (fish megluten meal, MBM...)
incorporation, especially to lactating cow rations.

During early lactation (0-70 days postpartum milk production increases
rapidly, peaking at 4 to 6 weeks after calving.t€lrocontent is critical during
early lactation; rations may need to contdi®% of more crude protein
(ENSMINGER et al., 1990) with 0.2% of Mg in dry matter (DM) dairy ration.
Almost the same high protein recommendations (1%.8of dry matter);
McCULLOUGH (1994) recommended to dairy rations aghh producing
~supercows*“- however, during the ,all lactation“dawith higher Mg (0,33%) in
DM dairy ration. On the other hand, accordingtite NRC (1989)this high
protein level it was recommendexhly during first three weeks (0-21 days
postpartum) after calving. The research during 1990s resulted to decrease of
protein content in dairy rations; see the comparisb the NRC (1989 and
2001);
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Dairy cow: 600-680 kg body weight

Lactation IEa?::g/tion
?{'('@'JI/( d{}';'d 35 45 55 35
Degradable protein — ,DP* (%):
NRC,1989 9,7 10,4 10,4 9,7
NRC,2001 9,7 9,8 9,8 10,3
Undegradable protein- ,UDP* (%):
NRC,1989 5,7 6,0 6,3 7,2
NRC,2001 55 6,2 6,9 5,6
Crude protein — ,,CP*- (%):
NRC,1989 16,0 17,0 17,5 19,0
NRC,2001 15,2 16,0 16,7 15,9

Therefore if we will put into practice; the recommdation from the NRC
(January 2001) about the significant decrease oflecrprotein in the early
lactation - this ,phenomenon® can be a cause ath@BSE incidence decrease
in the western Europe (UK, Ireland,France, NetlusilaSwitzerland...)
especially, after 2001/2002 period. There were Ipgbducing dairy cows in
1990s, compared with the eastern Europe countries..

New norm (NRC 2001), apparently gmito practice in Poland, the Czech
later (see; there BSE peaked in 2005) than in Westeradeu For example, in
the Czech Republic in 2002 (November) were in theral ,Farmer” in the
article ,Urea and cow healthhighlighted benefits of high protein intakein
the diet of high producing dairy cows, unfortungatddy ,older U.S. methods”
(McCULLOUGH, 1994).

2004- 2006; Four cases about the ,,convincing evidegt' that vCJD
infections have been transmitted by blood transfusin

Shortly after vCJD was recognized (1996), authewitin many countries
became concerned about the possibility that itcdcdod transmitted from one
person to another through contaminated blood sepplsed for transfusion in
hospitals. It was in 2000- 2002 supported by she&periments, when
transmission of BSE has been repeatedly achievedlbgd transfusions
(HOUSTON et al. 2000; HUNTER and HOUSTON, 2002)edldy a few
months after these findings, efforts followed, aguaiith the participation of
professor R.G.WILL, and convince other scientitiaf disease transmission by
blood is also possible in humans. Again, (as vCiDyas very quickly
published in February 2004 ( also in Lancet), semse report; In December
2003, the first likely transmission of variant CHY blood transfusion was
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described, lead by the team of WILL RG (LLEWELYNat 2004).The victim
developed symptoms of vCJD 6.5 years after receigma blood transfusion
at the age of 62ln response to this case, the UK government arcezia new
policy excluding those who received blood transiosi after 1980 from
donating blood. Quickly, in August 2004, researshaublished (PEDEN et al
2004) another 2 nd worrisome case, also in Laricetluly 2004, a second
recipient of non-leukoreduced red blood cell com@a from another such
donor in the U.K. was reported to have died of ottaeises without clinical or
neuropathological evidence of vCJD, but at autdpsyrecipient had abnormal
accumulations of prion protein in lymphoid tissud3EDEN et al 2004).
However, second and other cases of vCJD diseas&niission (see references
in the world media), are confusing, and it is difit to determine if three or four
cases of blood transmission were found in totalo Tadditional recipients of
non-leukoreduced red blood cell concentrates frodomor incubating vCJD
were subsequently reported by U.K. authorities ébrbiary 2006 and January
2007 have died with confirmed vCJID (HEWITT et &00B). These four cases
provided convincing epidemiological evidence th&@JD infections have been
transmitted by non-leukoreduced red blood cell eotrates...

2006; Is prion protein really infectious or is merdy a secondary marker of
the presence of the scrapie agent?

To determine the mechanisms of intestinal transpbrinfection, and early
pathogenesis, of sheep scrapie, isolated gut-la@ps inoculated (JEFFREY et
al., 2006). Firstly, it is known that individual gg@e and animals have different
levels of genetic susceptibility to this group adethses, but no one knows how
this resistance is achieved. One option is thasteast people do not absorb the
disease-associated prion protein (PrP) from theits.gTo test this, the
researchers worked with 50 sheep, with differegteles of genetic resistance to
scrapie — the sheep form of the disease. Whenitijegted material containing
abnormal prion protein (PrP) into the sheep's igutas equally absorbed by all
sheep. ,This clearly shows that resistance is obitezed by blocking uptake of
abnormal proteins from the gut — it must be achdew® some other
mechanism,” says lead author Dr Martin Jeffrey.

Secondly, they looked in more detail at the rodtalsorption in the gut. Using
surgically modified sheep, they loaded a small astdahe gut with a fluid
mixture containing 0.5 grams of scrapie infectegirbcontaining a large amount
of the disease specific variant of the PrP proteid watched how it was taken
up. Abnormal PrP was rapidly taken up by fingeeligrojections called villi
and passed in to the lymph. It was not, howevéertaup by structures called
Peyer's nodules, that are believed to be the plabese animals amplify the
infective agent. ,The fact the PrP isn't taken yphe Peyer's nodules questions
whether PrP is really infectious, or whether PrRealy just a secondary marker
of the presence of the scrapie agent,” says Jeffrey
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His belief in this need to reappraise the fundaadenhderstanding of prion
diseases is enhanced by one more observation lpaedlia this same paper. The
team pre-digested a mixture containing diseaseifgpderP with standard
stomach contents, and then injected the resultiune into the gut. No PrP
transferred into the villi. When they used a higbgnsitive version of Western
Blot analysis to examine the contents of this pgested mixture, they found
only the faintest suggestion that some of the RdPdurvived. This was despite
the fact that the original mixture had a contaiadugh level of PrP.

Dr. Martin Jeffrey about this said; , Think aboutita sheep grazing in a field is
not naturally exposed to highly infected brain amwdild only pick up a tiny
amount of PrP from other tissues. This will therelgposed to 48 hours or more
digestion before it arrives in the gut, and ouresipents show that after this,
the chance of there being more than an unmeasusaidyl amount of PrP left
to absorb is very small. As sheep can become &decthe theoretical
probability of this being due to an invisible subdtion of digestion resistant
PrP molecules is unlikely. The possibility of thdreing infectious molecules
other than PrP must therefore be seriously coreitdeA lot of people are
completely wedded to the prion hypothesis of disgdike vCJID, but the more
you deal with whole animals as opposed to relymgely on in vitro studies, the
more cautious you are about saying that prion pret@lone cause the disease,”.

Although precious little is known about the transsion of vCJD, it is widely
assumed that the disease is caused by eatingrboeethttle with the BSE. The
prion protein infection from transmissible BSE nen thought to travel to the
brain via peripheral nerves, perhaps with assistdrmm the lymphoreticular
system. Jeffrey’'team research, has cast doubt agtheh abnormal prion
proteins are truly the infectious agents for vCJBedse infection in humans
after all.

While their published research confirms that unkddaoratory circumstances
prion-protein can be absorbed across the gats@t shows that this is unlikely
to occur in real life. In addition, the results show that the placeseagut that
do take up these disease-associated proteins fieeedt from the locations
where infectivity is known to be amplified. Thissearch questions whether
prion protein is really infectious, andsitiggests that prion protein is merely a
secondary marker of the presence of the scrapie agfe If that is so, as their
findings indicate, it might also be so for ostehsibfectious nature of prions in
vCJD. That, however, leaves open the issue of wmatdisease's infectious
agent might be. Roger Highfield in his report- @éi,Can this really Kill
you?“(May 30, 2006) wrote; The Nobel prize-winnimgpothesis that infectious
proteins can cause CJD and 'mad cow diseasdl isestig challenged...

20



2010; Surgery instruments and spontaneous prion genation also in
Alzheimer's disease?

At first time team lead by COLLINGE (January 19%hpwed a ,Diagnosis of
new variant Creutzfeldt-Jakob disease by tonsipsy6, and two years later
started to be examined the third way of prion iti@ctransmission, via surgical
instruments. In article ,Infectivity of scrapie pns bound to a stainless steel
surface® (April 1999) researchers concluded; ,Thedel system we have
devised confirms the anecdotal reports that stegtfuments can retain CJD
infectivity even after formaldehyde treatment. éndis itself to a systematic
study of the conditions required to effectivelyatimate CJD, BSE, and scrapie
agent adsorbed to stainless steel surfaces sutttoses of surgical instruments.
In article ,Transmission of scrapie by steel-suefdound prions® (May 2001)
researchers concluded; ,Prions are readily andlyigiound to stainless steel
surfaces and can transmit scrapie to recipient afteg short exposure times.

However, ten years later the same team headed bYyLIGGE and
WEISMANN surprisingly found, according to the new research,wires
coated with uninfected brain homogenate could alsmitiate prion disease in
cell culture, which was transmissible to miceThe catalyst in the study was
the metallic surface of simple steel wires. Presioesearch showed that prions
bind readily to these types of surfaces and camtaiinfection with remarkable
efficiency. So ,infectious* agents of the sort lkbekd to cause mad cow disease
in humans can appear ,as if from nowhere* whenthgdbrain tissue comes
Into contact with steel. In article Spontaneousegation of mammalian prions
(published in PNAS, July 2010) researchers conclude ,The apparent
~sSpontaneous generation“ of prions from normal iitessue could result if the
metal surface, possibly with bound cofactors, gatd de novo formation of
prions from normal cellular prion protein. Alternedly, if prions were naturally
present in the brain at levels not detectable byventional methods, metal
surfaces might concentrate them to the extenttliegt become quantifiable by
the scrapie cell assay*.

Scientists have shown for the first time that abmarprions, bits of infectious
protein devoid of DNA or RNA that can cause fatalirodegenerative disease,
can suddenly erupt from healthy brain tissue. Gba@uof this study, Julie
Edgeworth, statedOne theory for our observations is that the metalacts as

a catalyst to promote the creation of prions from he normal prion protein
present in brain tissue...”
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THE ORIGINS OF THE NEURODEGENERATIVE
DISEASES MAY LIE IN CHRONIC MAGNESIUM
DEFICIENCY COUPLED WITH A HIGH PROTEIN
INTAKE

J. Hlasny
Veterinary ambulance, Veterinary ambulance, Blydirech Republic
Topic: 3. Bovine Medicine

Abstract

Epidemiological incidence of neurodegenerative aliss in a certain period,
was only detected in cattle in the UK (BSE). Thappened at a time, after
significant increase of crude protein, in dairjagas (ARC, 1980) in the mid of
1980s, without equality of dietary Mg-supplememati Feeding readily
fermentable young grass (there especially most camnyegrass), leads to
intraruminal ammonia concentrations (up to 30-70aMiym and to decrease of
magnesium absorption.

Neurodegenerative diseases, are caused by differeahanisms, but the
common denominator of neuronal injury, is overstation of glutamate

receptors. In excess, glutamate triggers a procagsd excitotoxicity, causing
neuronal damage, particularly when NMDA receptore activated. An

important consequence of NMDA receptor activat®ithie influx of Ca2+ into

neurons, Mg2+ can protect against NMDA- inducedroéegeneration.

So the lower the Mg2+ level in the animal tissukdscéhe more marked is ,Ca-
effect excitotoxicity“. It should be noted that NMDreceptor channel in

Purkinje cells, has a more extreme sensitivity @2M than that in other brain
regions. Excitotoxicity can be found even with natrtevels of glutamate, if

NMDA receptor activity is increased, e.g., whenno@s are injured-depolarized
(more positively charged); this condition reliewbde normal block of the ion
channel by Mg2+, and thus abnormally increases NM&aeptor activity.

Well known is ammonia induced depolarization inticait astrocytes, what
results in removal of Mg2+, that normally blocke tNMDA receptor channel.
Prolonged activation of NMDA receptors, was regemédported (Alzheimer’s

research), to increase the neuronal productiomgfad f3.

Introduction

The neurodegenerative diseases, occurred to a greatextent (see UK;
1980s- 1990s), only in ruminants (BSE), because pmh them, magnesium is
not absorbed in the intestine, but in the rumen In addition an excess of
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protein-nitrogen in the ruminants rumen decreases®ration of magnesium.
The studies and findings reviewed in 1980- 1990sasthat the surpluss of
nitrogen and potassium in dairy cattle ration esdgc can have the association
with  hyperammonemia complicated with the chronic bchinical
hypomagnesiemia, and the neurodegeneration camvodved. On the other
hand, despite extensive BSE research, there wahk that was unanswered or
mainly spekulative (e.g.see;The BSE Inquiry- Octd@00). Therefore more of
literature sources were reviewed about dairy cowitran and described as
Czech alternative ,BSE ammonia- magnesium theolar¢h, 2001); in the
Bulletin of Research Institute of Cattle BreedimgRapotin (see Fig 1).

Prion diseases are characterized by the replaceafahie normal PrPc by a
protease-resistant, sheet-containing isoform that pathogenic (PrPSc).
Pathology, in prion diseases, develops only in kth@n, no other organ is
affected. Early on neurons develop intracytoplasrammuoles. As the disease

progresses, vacuolization becomes more pronounegdnaicroscopically, the
cortical neuropil develops a spongy appearancecehéne term spongiform
encephalopathy. Advanced cases show neuron lassjsg(astrocytosis), and
brain atrophy. So as a result prions multiply, msebroken down by proteases

and accumulate in brain tissue, where damage sedmt one of two
mechanisms: (1) accumulation of the abnormal fortheprotein itself causes
the damage (,vacuolization®); (2) the loss of funabn of normal protein
results in cell death (,astrocytosis").
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CNS: Central nervous system « CSF: Cerebrospinal fluid + CP: Crude protein
NMDA: "N-Methyl-D-Aspartate” receptor.

These both mechanisms can be involved by hypomageesa and
hyperammonemia (FERRER, 2002).
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The brain has two types of cells; neurons and ghgurons contain
neurotransmitters, which are chemicals that triggignals to pass messages.
Until recently, neuroscientists believed neuronsrewéhe only brain cells
transmitting message signals. Glial cells (asteg)ytvere thought to serve only
as support. Glia, once thought to simply providacttiral support for their more
important neuronal cousins, have been found, irpst decade, to have a wide
variety of important biological functions. One @ietmost important of these is
to foster a proper chemical environment for neurdoaction by removing
excess glutamate.

Why is this important? Because glutamate is a neanmsmitter, i.e., it can bind
to receptors on the neuronal membrane and causdire. Thus, glutamate is
key to proper neurological functioning. Too muclutgmate, however, is a
problem, because it could cause neurons to workhtod, fatigue and die a
premature death. This phenomenon is called glugatoaicity.

Glutamic acid and glutamate receptors

Glutamic acid (Glutamate —“Glu“) as the major eattry neurotransmitter in
the mammalian CNS; acts postsynaptically at seveptor types named for
their prototypic pharmacological agonist. In ex¢cegstamate triggers a process
called excitotoxicity, causing neuronal damage anentual cell death,
particularly when NMDA receptors are activated.slimay be due to:

High intracellular Ca2+ exceeding storage capaatyd damaging
mitochondria, leading to release of cytochrome @mabtosis,

Glu/C&*-mediated promotion of transcriptions factors feo-ppoptotic
genes, or downregulation of transcription factorsainti-apoptotic genes.

There are 2 families of glutamate receptors locatetthe plasma membrane of
neurons, ionotropic (IGIuR) and metabotropic (mGlgRitamate receptors.The
IGIUR family is further divided into 3 classes @ceptor, which are based on
specific agonists and/or permeability to differargtions; NMDA receptors
(NR1, NR2A-D and NR3A-B) are predominantly’Cmn permeable, whereas
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic a¢EMPA; GluR1-4) and
kainate (KA; GIuR5-7, KA1-2) receptors are predamily permeable to Na
and K ions (KEW and KEMP, 2005).

There are 8 metabotropic G-protein coupled glutanrateptors, which are
classified on the basis of their structure and fygic function into 3 distinct
groups. Group 1 receptors (MGIluRs 1 and 5) areledup phospholipase C
through G and @G, proteins, whereas group 2 (mGluRs 2 and 3) andpgB
(mGIluRs 4 and 6-8) receptors are coupled with dgleayclase through Gand
G, proteins (KEW and KEMP, 2005).

There is evidence that almost every step in theatligg pathways associated
with mGIuRs requires or is modulated by “CaUnlike iGluRs, which are
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predominantly situated in the postsynaptic membtamaediate fast excitatory
transmission, mMGIuRs are located in various men@@mpartments of both
neuronal and glial cells in the brain (FERRAGUTH&HIGEMOTO, 2006).

Elevations in extracellular glutamate are not nea@gdo invoke an excitotoxic
mechanism. Excitotoxicity can cometo play even with normal levels of
glutamate if NMDA receptaactivity is increased, e.g., when neurons are @gjur
and thusecome depolarized (more positively charged); toisditionrelieves
the normal block of the ion channel by fMgnd thusabnormally increases
NMDA receptor activity (ZEEVALK and NICKLAS, 1992).

When glutamatand glycine bind and the cell is depolarized to aeenMd”*
block, the NMDA receptor channel opens with consequnflux of C&* and
Na' into the cell, the amount of which can be altdrngthigher levels of agonists
and by substances binding to afethe modulatory sites on the receptor. The
two modulatorysites that are most relevant to this review are NMtgg* site
within the ion channel and an S-nitrosylation ktated toward the N terminus
(and hence extracellular regioof) the receptor (LIPTON, 2004). The NMDA
receptor is extremely complex with a variety of meand conditions by which
it mediates inter- and intra- cellular glutamate lujG transmission
(NEWCOMER and KRYSTAL, 2001). It is known that aaty stimulated by
calcium influx through the NMDA receptor (NMDAr) ispecific to the
molecular environment in which it is located (HARIHAM and BADING,
2003). While there is still much more detail torfe@about this, recent studies
point to the location of the receptor on the neumaxplain its paradoxical role
in both neuroprotective and excitotoxic cellulareets. The work of
HARDINGHAM et al. found that NMDA receptors locatemltside of the
synapse lead to cell death whereas receptors tboadiele of the synapse lead to
neurogeneration (HARDINGHAM et al. 2002).

Astrocytes regulate a release of glutamate

Astrocytes in the brain form an intimately assamlanetwork with neurons.
They respond to neuronal activity and synapticadlgased glutamate by raising
intracellular Ca concentration Ca2+, which coulgdresent the start of back-
signalling to neurons. Glutamate has been demdedtr®d be an important
signalingmolecule for neuron-glia communication. Astrocygepress receptors
and transporters for glutamate and recently hase Aken demonstrateéd
contain the protein machinery necessary to reledg@amateby exocytosis
through vesicles (BEZZI et al., 2004) and a fusielated mechanisi@HANG

et al., 2004;KREFT et al., 2004

Astrocytes establish rapid cell-to-cell communigatithrough the release of
chemical transmitters. The underlying mechanisnt fanctional significance
of this release was, however, not well underst8&tZZ| et al. (2004) identified
an astrocytic vesicular compartment that is compdta glutamate exocytosis.
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After activation of metabotropic glutamate receptomstrocytic vesicles
underwent rapid (milliseconds) €a and the vesicular SNARE protein
(cellubrevin) -dependent exocytic fusion that wasampanied by glutamate
release. These data document the existence of “Ad€gendent quantal
glutamate release activity in glia that was presipuwonsidered to be specific to
synapses (BEZZI et al., 2004).

Astrocytes express receptors for margurotransmitters, and their activation
leads to oscillations internal C&". These oscillations induce the accumulation
of arachidonic acid and the release of the chentrealsmitterglutamate, D-
serine, and ATP. The obtained evidence has edtedles new concept of the
synaptic physiology, the tripartite synapsewhich astrocytes play an active
role by exchanging informatiowith the synaptic elements (ARAQUE et al.,
1999; CARMIGNOTO,2000; AULD and ROBITABILE, 2003; NEWMAN,
2003). This concept is basedtbe demonstration that astrocytes display a form
of excitability based on intracellular &avariations (PASTI et al., 1997;
VERKHRATSKY et al., 1998; HAYDON, 2001; NEDERGAARE al., 2003),
respondo synaptically released neurotransmitters (POR&B& McCARTHY,
1996; PASTI et al.,, 1997, GROSCHE et al., 1999; DAUR et al.,2001;
ARAQUE et al., 2002), and modulate neuronal exditgband synaptic
transmission by releasing neuroactive substahcesgh, at least some of them,
Ca*-dependent mechanisms (ARAQUHE al., 1998a, 1998b; KANG et al.,
1998; NEWMAN and ZAHS, 1998; ROBITAILLEL998; PARRI et al., 2001;
BEATTIE et al., 2002; BROCKHAUS ardEITMER, 2002: NEWMAN, 2003;
ZHANG et al., 2003; FIACCO and McCARTHY, 2004; LIU et,&004).

Ammonia is a neurotoxic substance which accumuliatdsain in liver failure
and it has been suggested that ammonia plays aokeyn contributing to the
astrocytic dysfunction characteristic of hepaticeghalopathy. In particular, the
effects of ammonia may be responsible for the reduastrocytic uptake of
neuronally-released glutamate and high extracellugdutamate levels
consistently seen in experimental models of hepatmephalopathy. CHAN et
al. (2000) found that the reduced capacity of agtes to reuptake glutamate
following ammonia exposure may result in compromhisgeuron-astrocyte
trafficking of glutamate and could thus contributethe pathogenesis of the
cerebral dysfunction characteristic of hyperammanesyndromes such as
hepatic encephalopathy. An acute exposure to ananoesulting in cytosolic
alkalinization (pH action),leads to Ca-dependent glutamate release from
astrocytesA deregulation of glutamate release from astrocyigsammonia
could contribute to glutamate dysfunction considyenbservedin acute HE
(ROSE et al., 2005).
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In the 1980s; new NMDA receptor and a magnesium ssilivity was
discovered

In the 1980s great strides have been made towatdr bendersanding the
function of neurotransmitters, in particular be@uo$the application of voltage
— and patch- clamp techniques to cultured neutoaiseixpress the receptors and
because of the development of specific receptagamiists (COLLINGRIDGE
and LESTER, 1989; MAYER and WESTBROOK, 1987; MONAGM et
al.,1989; STONE and BURTON, 1988). This surge fionmation has not only
resulted in a detailed understanding of the cusrahét underlie the fast
excitatory amino acid- mediated transmission atymaantral synapses but has
unveiled an exciting new receptor type, NMDA recepthe activity of which is
gated in a unique manner both by ligand binding@andoltage.

The normal voltage dependent block of channels g§ M highly important for
the sort of functions NMDA receptors have to perforThe block is only
relieved by an appropriately timed depolarisatiérthe@ neuron which may be
brought about by activation of other types of ghéde receptor, including the
fast acting AMPA subtype. Membrane depolarisatiorrégmove the block of
channels by M3 is a prerequisite for NMDA activation and synayiasticity,
whereas protracted or intense NMDA activation mayse neural injury such as
follows cerebral ischaemia.

In the central nervous system (CNS) magnesiumZ2(Ylgon has two major
functions: the stabilization of synaptic connedyiviand widespread

enhancement of neurochemical enzymatic functiohs. Nig2+ has been shown
to affect guanine nucleotide binding proteins (®t@ins) in several ways:

nanomolar concentrations of I are required for GPT-ase activity
(GILMAN, 1987: HIGASHIJIMA et al., 1987), micromalaconcentrations of

Mg2+ are required for receptor mediated activation opréteins (GILMAN,

1987: GIERSCHIK et al., 1988), milimolar concernimas of M2+ increase the
affinity of various types of receptors for agonjsas effect thought to result
from increased receptor- G- protein coupling (HULBMt al., 1983), voltage-

dependent- G& channel (AUGUSTINE et al., 1987), and NMDA receptor
operated ionic channel (CRUNELLI and MAYER, 19840WAK et al., 1984)

The NMDA receptor cation channel complex is unignehaving several
receptor and modulatory sites which recognise idd& regulators found in the
brain (REYNOLDS, 1990) These modulatory sites include an agonist binding
site that binds L-glutamate and L-aspari@®ONAGHAN,COTMAN 1986) a
glycine co-agonist sittREYNOLDS ET AL. 1987)a voltage-dependent Mg
site (NOWAK ET AL. 1984; JOHNSON, ASCHER 1990)a voltage
independent inhibitory Zf site (PETERS ET AL. 1987; REYNOLDS,
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MILLER 1988) and a site which is affected by the endogenousapalyes
spermine and spermidin®/(LLIAMS ET AL. 1989).

The Md" site is within the cation channel and is occugiedormal membrane
potentials which inactivates the NMDA receptor. Digpisation of neurons,
which may be achieved by activation of other gluatenreceptors such as the
AMPA receptor, is sufficient to overcome the Mdplock and allow ion flow
through the cation channel. Another cation chanmsie recognises
phencyclidine (PCP) and other compounds, sucheasliisociative anaesthetic
ketamine and the anticonvulsant MK-801 (DizocilpineCP-like compounds
and MK-801 are non-competitive antagonists at 6@ Bite(FOSTER, WONG
1987; RANSOM, STEC 1988)The binding of JHJMK-801, which is
determined by the open state of the cation chaameis increased by glutamate
and glycine acting via their sites, is used to memashannel opening and access
to PCP sites in vitroREYNOLDS, MILLER;1988).

Activation of NMDA receptors requires binding ofthaglutamate and the co-
agonist glycine for the efficient opening of tha ichannel which is a part of this
receptor. In addition, a third requirement is meanler depolarization. A positive
change in transmembrane potential will make it niedy that the ion channel
in the NMDA receptor will open by expelling the Mg2on that blocks the
channel from the outside. In neurons from spinatlct0 mM Mg2+ is required
to block NMDA responses at potentials negative ton¥ (MAYER and
WESTBROOK, 1985). It may be that the NMDA chanmePurkinje cells has a
more extreme sensitivity to Mg2+ than that in othiexin regions.

Aspartate appeared to act at the NMDA receptor el ag at additional sites,
since part of the aspartate response showed a Blg2sitivity similar to that of
the NMDA response (SEKIGUCHI et al., 1987). Thessults suggest that
cerebellar Purkinje cell dendrites do posses NMDRanmels, but their
functional role was still unclear. The receptor qph@cology in cerebellum is
apparently slightly different from other brain regs. First, APV does not
entirely block NMDA responses (CREPEL et al., 198EKIGUCHI et al.,

1987). Second, aspartate seems preferentiallytivatee NMDA- like receptors,

some of which mediate effects that are entirelyckddl in 1 mM Mg2+

(SEKIGUCHI et al., 1987) and others at which NMDAyract as a competitive
antagonist (CREPEL et al., 1983; KIMURA et al., 398SEKIGUCHI et al.,

1987).

Neuronal free Ca concentrations correlates withlitkedihood of irreversible
Ischaemic cell death (CHOI, 1985), and free intiatz Ca increases may
result from Ca entry via the NMDA ion channel anditage - gated Ca
channels, and release from endoplasmic reticuluinosimer intracellular stores.
Mg competes with Ca at voltage- gated Ca chanrals intracellularly and on
the cell surface membrane (ISERI and FRENCH, 1984ay thereby impede
Ca- dependent presynaptic release of glutamate paadent neuronal Ca
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overload via voltage- gated channels during ischaemg also enhances
mitochondrial buffering of raised intracellular éreCa ions (FAVARON and
BERNARDI, 1985), and prevents release of intra¢etluCa stores from
endoplasmic reticulum.

The permeation pathway of NMDA receptors has agntyhat sets them apart
from other conventional ligand-gated receptors.hfperpolarized membrane
potentials more negative than about —70 mV, thecepmation of M§" in the
extracellular fluid of the brain is sufficient tortwally abolish ion flux through
NMDA receptor channels even in the presence ottagonists glutamate and
glycine (NOWAK et al., 1984). An important endogesallosteric inhibitor of
NMDA receptor activation is pH. The frequency of W receptor channel
openings is reduced by protons over the physiosgiEl range, with a midpoint
at pH 7.4, such that at pH 6.0 receptor activatisnsuppressed nearly
completely (NOWAK et al., 1984)

Magnesium - NMDA receptors; 20 years later
and Alzheimer’s disease treatment

Magnesium helps maintain tissue sensitivity to linsucontrol glucose

metabolism, and is involved in insulin regulatidhagnesium deficiency leads
to sugar and chocolate cravings that will disappgaen normal levels are
restored. Since significant levels of magnesiumfaoad in the hippocampus,
which is the emotional and memory center of thenbi@eficiencies are believed
to form the emotional environment that encouragasicgs.

Putting into the human practical conditions, resears have found that a new
highly absorbable form of magnesium called magnesm-L-threonate
concentrates more efficiently in the brain, rebsildiptured synapses, and
restores the degraded neuronal connections obsernAddheimer's disease and
other forms of memory loss (SLUTSKY et al. 2010).experimental models,
magnesium-L-threonate induced improvements of 18% dr short-term
memory and 100% for long-term memory. Functionally, magnesium
increased the number of functional presynapticassesites, while it reduced
their release probability. The resultant synagmonfiguration enabled selective
enhancement of synaptic transmission for bursttgygoupled with concurrent
upregulation of NR2B-containing NMDA receptors ani$ downstream
signaling, synaptic plasticity induced by correthteputs was enhanced.Putting
into the practical conditions, researchers havendodhat a new highly
absorbable form of magnesium called magnesium-gettiaite concentrates
more efficiently in the brain, rebuilds rupturednapses, and restores the
degraded neuronal connections observed in Alzh&mdesease and other forms
of memory loss. Functionally, magnesium increased tumber of functional
presynaptic release sites, while it reduced tle@ase probability. The resultant
synaptic reconfiguration enabled selective enhaeoc¢wf synaptic transmission
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for burst inputs. Coupled with concurrent upregalatof NR2B-containing
NMDA receptors and its downstream signaling, syicaplasticity induced by
correlated inputs was enhanced (SLUTSKY et al. 2010

Proteopathic Seeds and Neurodegenerative Diseases
(Isabelle de SEGONZAC, February 2012)

In the mid 1980s, Stanley PRUSINER startled thergific world by claiming
that transmissible neurodegenerative diseases asciCreutzfeldt-Jakob in
humans and Bovine Spongiform Encephalopathy (B&&g¢l 'cow disease') were
caused by self-replicating protein molecules, whiblke named prions.
Painstaking work to establish that prion proteins ould replicate without
the need for genetic material won him the Nobel Pze in 1997 What at first
seemed an unusual mechanism restricted to a natreelgroup of diseases has
now become central to the study of all neurodegsiver conditions: the
pathogenic proteins that characterise these disedlsseem to behave like
prions.

Prions are Janus-like proteins synthesised by neuns: in their normal,
globular conformation they participate in cellulunctions but in certain
circumstances they adopt a pleated B-sheet coafigar which forms insoluble
fibrous aggregates that disrupt cell function. Thiggregated form is found in
neurons in a group of neurodegenerative diseasewrkm@s the transmissible
spongiform encephalopathies, which include Kurueutzfeldt-Jakob disease
(CJD) in humans, BSE in cattle and scrapie in shaépf these diseases can
be transmitted by contact with brain material fraffected individuals -- the
cause of great concern in the late 1980s and eE3B80s when people
developed a form of CJD after eating products frontows with BSE.

By the 1980s, a long hunt had failed to find eithebacterial or viral agent
causing these diseases. Stanley PRUSINER and lleagaes proposed instead
that theinfectious agent was the B-sheet form of the prioprotein, which
was able to replicate using itself as a templateth® first claim for replication
without the need for nucleic acids, this was to thagyleast controversial. Now it
Is well accepted that 'rogue' molecules in the 8esltonformationpow known
as 'prions', can act as a seed, converting normakipn proteins into B-sheet
type molecules.These adopt a fibrillar configuration and aggregeito an
amyloid-like deposit that disrupts the neuron'sction. Prions released from
cells are taken up by neighbours and trigger tineeseascade of transformation
and aggregation. Genetics still plays a part, b@sawarious mutations in the
prion protein gene promote this transformation, l&wrsome polymorphisms
(substitution of one base in the gene sequencearfother) make individuals
more susceptible to developing a prion disease.
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The parallels with Alzheimer's disease (AD) werersaoted: a cellular protein,
in this case the amyloid-B peptide, adopts a B4stixeillar conformation that
aggregates in the brain as amyloid plagues; aganetgs plays a part, at least
in early-onset, familial AD, which is associatedlwmutations in amyloid-B's
parent protein, the amyloid precursor protein. Mogeently, it hasbecome
clear that this prion-like pattern is common to all the neurodegenerative
diseasesincluding Parkinson's, Huntington's and motor nautisease (Stanley
PRUSINER, University of California San Franciscan3-rancisco, USA): each
Is characterised by a disease-specific cellulateprahat transforms into a B-
sheet configuration that subsequently aggregatemredder, mutations
associated with familial forms of the diseases have been identified for all
these signature proteins. As a consequence thesd#itioos are now being
designated as protein misfolding disorders (Cla®&mrO, University of Texas
Houston Medical School, Houston, USA) and the pmnsteesponsible could be
considered as mammalian prions (PRUSINER).

If the misfolded proteins associated with the wasioeurodegenerative diseases
do behave like prions, they shoulddapable of triggering the transformation

of the cellular protein in unaffected cells.Transfer of a systemic (non-neural)
amyloidosis between mice was first demonstratedr e\@ years ago (Per
WESTERMARK, Uppsala University, Uppsala, Swedemgveé3al speakers at
the meeting have presented data supporting thisothgpis for various
neurodegenerative diseasesher by injecting a brain homogenatefrom mice
genetically engineered to develop the diseasetimdirains of susceptible but
disease-free animals (PRUSINER; Mathias JUCKER, tietémstitute for
Clinical Brain Research and German Center for Neéegenerative Diseases,
Tubingen, Germany; SOTO; Michel GOEDERT, MRC Lalonaof Molecular
Biology, Cambridge, UK; Patrik BRUNDIN, Lund Univ@ty, Lund, Sweden;
Virginia LEE, University of Pennsylvania School bfedicine, Philadelphia,
USA); by injecting synthetic protein fibrils into brai ns (LEE); or by testing
purified protein extracts on neuron cultures (Anne BERTOLOTTI, MRC
Laboratory of Molecular Biology, Cambridge, UK; Rd€OPITO, Stanford
University, Stanford, USA). Another clear indicatiof transcellular induction
comes from Parkinson's disease patients who havetean-cell transplants: B-
sheet proteins have been found in the neurons etkerikom the stem cells
(BRUNDIN).

This triggering ability of the aberrant proteindiieh has gained them the label
of proteopathic seeds, also seems to be responsible tfte temporal spread

of degeneration through the brain that is typical & the neurodegenerative
diseases(JUCKER; BRUNDIN; LEE). Perhaps more significatite aberrant
proteins have been found in the brain after ingatpneal injection or blood
transfusion (SOTO); as with prions, transport altmgvagal nerve seems to be
the most likely route into the brain (PRUSINER; BRDIN). This opens up the

32



possibility of an environmental causation for theany patients with a
neurodegenerative disease who do not have heretités (JUCKER; SOTO;
WESTERMARK).

The mechanisms underlying proteopathic seeding are dtilunclear. The
spread of the B-sheet transformation seems to deperboth the configuration

of the seed itself and the genetic constitutiothefanimal -- again very like the
prion diseases (JUCKERr; GOEDERT). The uptake ef $bed proteins into
neurons is being examined in culture (BERTOLITI; RI®O) and model
systems (BRUNDIN).The key seems to be in the interaction between the
seed protein and cell membranesnd, in some cases at least, helper proteins
are required (BRUNDIN).

To understand how seeding works, it is essentikhtiw the structure of the B-
sheet proteins. Taking amyloid-B as an example ctrelitions that determine
what type of fibril and aggregates will form, andwh this relates to the
mutations in the amyloid precursor protein will discussed (Robert TYCKO,
National Institutes of Health, NIDDK, Bethesda, US&ooperativity between
B-sheet molecules may also be important in agg@gdRoland RIEK, ETH
Zurich, Zurich, Switzerland). Helpful insights catso come from systemic
diseases in which amyloid accumulates, such as wladosis. Amyloid, a
generic term for protein aggregates, is in thigaeduced by the inflammatory
protein serum amyloid A (WESTERMARK). There is eamge that AA
amyloid formation can be triggered by other typtarmyloid molecule, leading
to speculation that amyloid fibrils found in thevennment and food could
cross-seed amyloid formation in the body or brain.

As knowledge about proteopathic seeding accumulatess prospects for
therapeutic intervention open up (Peter LANSBURYigBam and Women's
Hospital, Boston, USA). The initial conversion afnttional globular protein
into potentially pathogenic B-sheet form, the segdcascade that coverts
further globular protein to B-sheet, and the me@ms by which neurons take
up prion-like B-sheet molecules are all potentaigets.The discovery that
amyloid-B seeds are partly solubleand may be present in body fluids offers a
possible alternative strategy for an early diagnqstJCKER).

At the same time, it is essential to remember prain-like molecules have
biological functions, which poses further challemgen the design of
therapeutics. A form of amyloid seems to particpatthe storage of hormones
in secretory granules and in skin pigmentation @Q|Ewhile self-replicating
prion-like proteins are a necessary part of theecwar mechanism for long-
term memory storage in both the fly and the mo&se (KANDEL, Columbia
University, New York, USA). Intervention to prevetite spread of a B-sheet
protein like amyloid-B through the nervous systérat tinterfere with important
biological mechanisms, particularly those involved memory storage,
obviously need to be avoided. Despite these cavéia¢s unfolding of yet
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another significant aspect of neurodegeneratioerefexciting prospects for
both the basic understanding of these devastatssgses and their treatment.

Prions and other Misfolded Amyloid Proteins
(Claudio SOTO, February 2012)

Misfolded protein aggregates are implicated in aewya of diseases known as
protein misfolding disorders (PMDs), which include some highly prevalent
and insidious illnesses such as Alzheimer's, Paokiis disease, diabetes type 2
and more than 20 other human maladies. These dsedmre as a hallmark
event the misfolding of a protein to form &szligieet rich aggregates that
deposit in diverse organs inducing cell death asslié damage. Among PMDs,
prion disorders are unique in that the pathology ba& transmitted by an
infectious process involving a heretical agent knoas prion.Prions are
infectious proteins capable to transmit biological information by
propagation of protein misfolding and aggregation. The hypothesis that
prions are composed exclusively by a protein whidn tinprecedented ability to
behave like a micro-organism was controversial rdurdecades, but recent
studies have settled all doubts. The process ofoldisg and aggregation
follows a seeding-nucleation mechanism in whichlsol@omers act as seeds
to trigger an uncontrolled aggregation proce$be seeding mechanism
appears to be the basis by which misfolded prion ptein propagates prion
disease in an infectious manneiWe have been able to create infectious prion
protein in the test tube and produce a variety mfeh diseases. So far, prion
disease is the only member of the group of PMDs ltha an infectious origin.
However, the inherennfectious nature of misfolded aggregates propagatg

by a seeding mechanism suggests that other diseas¢the group may be
transmissible in the same manneas prion disorders. In this presentation, we
will show evidences that the pathology of other RViDcan be also
experimentally transmitted in vivo. These findingmay change our
understanding of these diseases and provide ndrxalegies for treatment
(SOTO, 2012).

To demonstrate a potentially infectious-like spregdf Alzheimer's disease in
lab animals, SOTO and his fellow researchers(201j6rted mice with a small
amount of brain tissue taken from a human with Aiafer's, then compared the
results to mice injected with normal brain tissNene of the mice injected with
the normal brain tissue showed signs of Alzheiméxs all of those injected
with Alzheimer's brain extracts developed plaques d other brain
alterations typical of the diseasgaccording to SOTO.

NMDA receptors as a common denominator of the neudegenerative
diseases; recent research

In the brain glutamate is used as a neurotrangnmttever 50% of the synapses
in the neocortex of the frontal and temporal lobHsese are the areas of the
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brain where many neurodegenerative disorders aee falind. The action of
glutamate occurs at several receptors. The mosmooms the N-methyl-D-
aspartate receptor. Glutamate, aspartate and glydiatary amino acids) can all
stimulate this receptor. The NMDA receptor is a -4specific cation channel
which can allow Ca2+, Na+, and K+ to pass into rieeve cell under normal
conditions to facilitate neurochemical messagesvéen cells. The net influx
creates and excitatory post synaptic potential R& occur between neurons.
This is how nerve cells communicate in learning ameimory and to initiate
behavior. Mg2+ not only blocks the NMDA channel anvoltage-dependent
manner but also potentiates NMDA-induced resporaegositive membrane
potentials. The reason Mg works, is that it blothke NMDA receptor from
firing constantly to cause neurons damage becdube dow magnesium levels
In those nerve cells. These findings are also seenoncussed depressed
patients, those with diabetes, and those with APDBrtoo. Na+, K+ and Ca2+
not only pass through the NMDA receptor channglarmal conditions but also
modulate the activity of NMDA receptors. Its ionacimel only opens when the
following two conditions are met simultaneouslyutginate is bound to the
receptor, and the postsynaptic cell is depolari@gedich removes the Mg2+
blocking the channel). This specific property oé tNMDA receptor explains
many aspects of long term potentiation (LTP) andagyic plasticity and it
confers to humans the ability to learn and adaptKE, 2011)

Glutamate, NMDA receptors and Alzheimer’s disease

Alzheimer disease is characterized by 3 distincomaneuropathological
abnormalities: intracellular neurofibrillary tangleextracellular plaques and
neuronal loss. Glutamate is the major excitatonyroeansmitter in the central
nervous system and is known to be involved in @&twaof functions, including
synaptic transmission, neuronal growth and diffeagion, synaptic plasticity
and learning and memory. There is evidence thaaglatergic neurons located
in the hippocampus and in the frontal, temporal padetal cortex are severely
affected, whereas similar neurons in the motor sersory cortex are relatively
spared (FRANCIS, 2003).

Amyloidogenic amyloid precursor protein (APP) procesing

A large body of evidence has implicated amyloidab@f) peptides and other
derivatives of the APP as central to the pathogsenet AD. Prolonged
activation of NMDA receptors, a situation analogous to Alzheimer disease
pathology, increases amyloidogenic APP processMfhen neurons are
activated by high glutamate concentrations for &ngme periods (i.e., more
than 24 h) there is a ,APP shift®. This shift is dreged by activation of
extrasynaptic NMDA receptors through ‘Qaalmodulin-dependent protein
kinase. The longer APP isoforms have been showretmore amyloidogenic,
and so this shift in expression increases amydelvels (BORDJI et al. 2010).
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Excessive glutamate release from the presynaptimirials has also been
suggested as a mechanism for increased amfoptoduction via NMDA
receptor—mediated €ainflux (LESNE et al. 2005)

Glutamate-mediated synaptic plasticity and amyloid peptide

Glutamate is essential in establishing new neuetlorks that form memories
and assist learning through mocess called long-term potentiation This
process is generated by high-frequency stimulatibthe presynaptic plasma
membrane, resulting in increased release of gluemad activation of its
receptors at the postsynaptic membrane. The AMRAna@GIuRs are activated
by the initial glutamate release, whereas NMDA ptaes only become fully
active after continuous synchronized glutamatewdation following activation
of the AMPA and mGIluRsThe NMDA receptor activation allows C&* to
enter the postsynaptic cell which subsequently triggers different kinase
pathways and increases protein transcription. pplfosess strengthens synapses
and increases synaptic density (MORRIS, 20D8hg-term depression occurs
when there is little stimulation at an establisisgtiapse or by asynchronous
stimulation of iGluRs. Long-term depression has tpposite effect of long-
term potentiation (i.e., reducing synaptic strengiid preventing memory
formation).Long-term depression can be caused by a reduction the levels
of NMDA and AMPA receptors at the postsynaptic membrankeyarepeated
weak stimulation of AMPA receptors that does natl¢o the depolarization of
the postsynaptic membrane and therefore does riyt &ctivate NMDA
receptors. This leads to a reduction in the nurbeeuronal spines on neurons
and reduced synaptic activity. A decrease in la@rgit potentiation and an
increase in long-term depression have both beearobd in Alzheimer disease
pathology (KULLMANN and LAMSA, 2007).

Many different paradigms have been used to shbmav amyloid B disrupts
long-term potentiation and reduces synaptic plastity (SHANKAR and
MEHTA, 2008).

Glutamate and amyloid B—mediated toxicity

Chronic exposure to amylofél peptides can induce toxicity in a variety of cell
lines and in primary rat and human cultured neurdhe toxicity of the peptide
Is related to its ability to form insoluble aggrégsm (CLIPPINGDALE et al.
2001; PIKE et al 1993; SMITH et al. 2006)

However, recent evidence suggests thattbst detrimental forms of amyloid

B peptides are the soluble oligomersand that the insoluble amorphous or
fibrillar deposits represent a less harmful inaatéd form of the peptide
(SELKOE and SCHENK, 2003).

The mechanisms associated with amylditbxicity are not clearly defined, but
appear to involve alterations in intracellular aahe, production of free radicals,
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phosphorylation of tau protein and/or activation aafspase and noncaspase
pathways that culminate in programmed cell deathIF€INGDALE et al.
2001; ROTH et al. 2001).

A number of studies have clearly indicated d@uatyloid p toxicity is mediated
at least in part by glutamate-mediated excitotoxicity which involves
activation of the NMDA receptors, leading to eledhintra-cellular C& and
consequent stimulation of a cascade of enzymesltirgsuin cell death
(VOSLER et al. 2008; DONG et al. 2009).

Amyloid p—induced excitotoxic cell death was first reporiedhe early 1990s,
with initial reports indicating that prolonged expwe of amyloidf peptides
with glutamate induced greater cell death than sum® to amyloidB or
glutamate alone in mouse cortical neuronal cult(iK€3H et al. 1990).

The role of glutamate receptors in this process udbsequently been shown
through the use of glutamate receptor agonists artdgonists. Recent data
showing thatinactivation of the NMDA receptor by antagonists, sch as
MK-801, AP5 or memantine, can protect neurons fromamyloid p toxicity
(TREMBLAY et al. 2000; SONG et al. 2002; FLODEN at 2005); that
amyloid 8 induced neurodegeneration in the adult rat briaimediated, in part,
by activation of the NMDA receptor (HARKANY et aR000; MIGUEL-
HIDALGO et al. 2002) and that transgenic mice eihig high levels of
amyloid B peptide show increased vulnerability to excitottyi (GUO et al.
1999; MOECHARS et al. 1999).

Taken together, these studies suggestghaamate receptor activation may
be essential for amyloidd—induced cell death.

It is unclear how amyloid3 peptides can regulate activation of glutamate
receptors, leading to the death of neurons. Therevidence that amyloif
peptide can bind directly to glutamate receptansraasing their activity and
leading to influx of C& in organotypic slice cultures. Antagonists of NMDA
and AMPA receptors can prevent influx of®Cand cell death (ALBERDI et al.
2010).

Alternatively, it is possible that amyloi;—related peptides can increase
extracellular glutamate levels by potentiating aske (NODA et al. 1999; CHIN
et al. 2007; KABOGO et al. 2010) and/or inhibitirtge uptake of the
neurotransmitter (HARRIS et al. 1996; FERNANDEZ-TGMet al. 2004),
which can subsequently trigger death of neuronsxajtotoxicity. It is therefore
likely that a combination of reduced glutamate &deae from the synaptic cleft,
increased release of glutamate from neurons aral ghd the subsequent
activation of the glutamate receptors contributéotacity mediated by amyloid
B-related peptides.
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MALINOW et al. 2013) found that glutamate binding the NMDA receptor
caused conformational changes in the receptor dhahately resulted in a
weakened synapse and impaired brain function.

They also found that beta amyloid; a peptide tloamprises the neuron- killing
plaques associated with Alzheimer's disease, catledNMDA receptor to
undergo conformational changes that also leadaavibakening of synapses.

NMDA receptors are well known to allow the passafjealcium ions into cells
and thereby trigger biochemical signaling; new aesie, however, indicates that
NMDA receptors can also operate independent ofiwaleons. It turns upside
down a view held for decades regarding how NMD/Aepors function

Glutamate and amyloid p—mediated tau phosphorylation

Alzheimer's disease is characterized by the devaop of two different globs
of proteins,beta-amyloid plaques and neurofibrillary tangles- ggregates of

a protein called tau Tau is normally a protein used in the cytoskeldtobuild
and maintain cellular structure. In the case ofh&lmer's Disease, tau proteins
end up getting phosphorylated, have phosphorowschatl to them, which
causes them to be able to aggregate in groupsf tiake get large enough, into
neurofibrillary tangles.

Given the evidence that tau phosphorylation ocbefere the loss of neurons
and that inhibition of tau phosphorylation can v amyloid p—induced
neurodegeneration (ALVAREZ et al. 2002; BRION et2001; FERRER et al.
2005; ZHENG et al. 2002), it is likely that incredslevels of phosphorylated
tau can contribute to the death of neurons by énigg loss of microtubule
binding, impaired axonal transport and neuritictoyghy. A critical role of the
phosphorylated tau protein in amyldi¢induced toxicity has been established
by the evidence that cells undergoing amylbixicity exhibit increased levels
of tau phosphorylation (ALVAREZ et al. 2002; BRIO&t al. 2001), that
inhibition of tau phosphorylation by blocking tain&ses can prevent cell death
(FERRER et al. 2005; STOOTHOFF et al. 2005), arat tfeurons cultured
from tau protein knockout mice are resistant to lardyp toxicity (RAPOPORT
et al. 2002). It was found that glutamate receptiagonists can protect neurons
against amyloid —mediated toxicity (FLODEN et al. 2005; SONG et2008;
TREMBLAY et al. 2000). Apart from influencing tathpsphorylation directly,
there is evidence that Fyn kinase (fyn is a tyresipecific phospho-transferase
that is a member of the Src family of tyrosine photkinases) can regulate
glutamatergic NMDA receptor activation following goid  treatment by
triggering phosphorylation and subsequent intesactf the NR2B subunit of
the receptor with PSD-95(postsynaptic density pmo&5, a member of the
membrane- associated guanylate kinase family, R&D-93 it is recruited into
the same NMDA receptor and potassium channel ck)stéhe NR2B/PSD-
95/Fyn complex that is formed when NMDA receptawes activated perpetuates
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Ca” influx. It is therefore possible that NMDA receptictivation stabilizes the
NR2B/PSD-95/Fyn complex, resulting in a persisictivation of the NMDA
receptor channel and increasing tau phosphoryléliBi et al. 2004).

Recently, a number of studies have indicated tasp@se- and calpain-mediated
proteolytic cleavage of tau protein, in addition énhanced phosphorylation,
may have a role in the amyloif~induced degeneration of neurons. This
proteolytic cleavage of tau may lead to neurodegeiom either directly, as
reported in various cell lines and neurons, orrextly by reducing the pool of
full-length tau available for binding to microtulesl (RAYNAUD and
MARCILHAC, 2006). There is evidence that NMDA retep-mediated
activation of calpain may be involved in triggeriige generation of tau
fragments, which can lead to the degeneration eframs, as both NMDA
receptor antagonists and calpain inhibitors aredao protect neurons from cell
death (AMADORO et al. 2006). Thus, NMDA receptogukated tau cleavage
and hyperphosphorylation of the protein may repregedifferent mechanisms
by which tau can cause cell death.

NOTE; Sometimes neurons can be surrounded by pamjue remain perfectly
healthy. So in the opposing corner are scientisth &s Rudy Castellani of the
University of Maryland, who has denounced the hkatayloid hypothesis as
.<deeply flawed and certainly unproven.” CASTELLANRO010) has argued
instead that tau, which in Alzheimer's disease foabnormal tangles inside
neurons, is more singularly important.

Taken together; the roles of amyldgigpeptide in the function and control of the
glutamate cycle and glutamatergic neurons;

» Inhibit long-term potentiation (SELKOE, 2008; LI at 2011; ZHAO et al.
2010; KLYUBIN et al. 2011)

» Increase long-term depression (KIM et al. 2001; EH$kt al. 2006; LI et al.
2009)

» Decrease synaptic density and alter the morpholoigyglendritic spines
(KNAFO et al. 2009; WEI et al. 2010)

= Regulate glutamate uptake from the synapse (FERNBRDOME et al.
2004; SCOTT et al. 2011; MATOS et al. 2010)

» Stimulate release of glutamate (CHIN et al. 200&KBRGO et al. 2010)

» Increase endocytosis of AMPA and NMDA receptors IEH$ et al. 2006;
OPAZO and CHOQUET, 2011)

= Disrupt the postsynaptic density and prevent NMDA &AMPA receptors
reaching the cell surface (ROSELLI et al. 2009; G&ahd LIPPA, 2010)

» Increase tau phosphorylation/cell death (FLODEMNIeR005; SONG et al.
2008; TREMBLAY et al. 2000).
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Glutamate antagonists in the treatment of Alzheimer
disease

Owing to the critical role of glutamate in both dmg p—and tau-mediated
pathology, glutamate receptor antagonists have been viewed agood
therapeutic targets for many years. Originally the noncompetitNMDA
receptorantagonists MK-801 and phencyclidinewere tried as therapies for
Alzheimer disease (DORAISWAMY, 2003). These commsumind to sites
within the NMDA receptor channel complex and previemther C&* entry by
blocking the pore. Unfortunately, these drugs hasloav onset of action and
bound irreversibly to the channel, preventing ndrpteysiologic entry of C&
into the cell. This led to severe psychotomimetic side effects, du as
hallucinations, ataxia and memory loss,thus precluding their use as
therapeutics for Alzheimer disease and also otleadibons where NMDA
receptors were therapeutic targets (FARLOW, 2004).

However, another NMDA antagonist- memantine was found to be a
noncompetitive, low to moderate—affinity NMDA ret¢ep antagonist that can
prevent pathological activation of the receptathout affecting its physiologic
functions (REISBERG et al. 2003; SONKUSARE et al. 2005; LON and
CHEN, 2005; WENK et al. 2006). This antagonist exsi a lower binding
affinity than MK-801 and phencyclidine, bats a higher affinity than the
endogenous NMDA receptor antagonist, the magnesiumon, which
normally blocks the voltage-dependent activation othe NMDA receptor.
Further studies indicate that memantine preferiyntidocks NMDA receptor
activity when the channel is excessively open. &itlte NMDA receptor
channels are open during normal synaptic activily énly milliseconds,
memantine is unable to act or accumulate in tharmdlathus selectively sparing
normal synaptic activity. However, during prolongesteptor activation, as
occurs under prolonged depolarization or excitaosonditions,memantine
becomes an effective blocker of NMDA receptor actity (PARSON and
GILLING, 2007). These results convinced the EuropBaion in 2002 and the
U.S. Federal Drug Administration in in 2003 approve memantine for the
treatment of moderate-to-severe Alzheimer disease.

Altered neuronal calcium homeostasis and NMDA remregntagonists action in
AD was published by French scientists (BORDJI e@00). They found that
altered neuronal calcium homeostasis affects mésabf amyloid precursor
protein (APP), leading to increased production ofarhyloid (Al), and
contributing to the initiation of Alzheimer's disea(AD). A linkage between
excessive glutamate N-methyl-d-aspartate (NMDA)eptor activation and
neuronal Al release was established, and recemirtee suggest that synaptic
and extrasynaptic NMDA receptor (NMDAR) activationay have distinct
consequences in plasticity, gene regulation, angdomal death. Altogether,
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these data suggest that a chronic activation ohsymaptic NMDAR leads to
neuronal Al release, representing a causal risitofafor developing AD
(BORDJI et al 2010). For one decade, several studrevided evidence that
NMDAR activation could have distinct consequenceas meuronal fate,
depending on their location. Synaptic NMDAR activatis neuroprotective,
whereas extrasynaptic NMDA receptors trigger nealronleath and/or
neurodegenerative processes. Recent data suggésthitonic activation of
extrasynaptic NMDA receptors leads to a sustairadonal amyloid-I, release
and could be involved in the pathogenesis of Alziegis disease. Thus, as for
other neurological diseases, therapeutic targetihgextrasynaptic NMDA
receptors could be a promising strategy. Followtnig concept, memantine,
unlike other NMDA receptor antagonists was showmreferentially target the
extrasynaptic NMDA receptor signaling pathways, leshielatively sparing
normal synaptic activity. This molecular mechanisould therefore explain
why memantine is, to date, the only clinically apmd NMDA receptor
antagonist for the treatment of dementia (BORD&I &011).

The clinical effects of memantine have been widslydied, and a number of
trials and meta-analyses have shown beneficiatisfief the drug on the global
status, cognition, behaviour and function of induals with moderate to severe
Alzheimer disease without any major adverse efféeam DYCK et al. 2007;
WINBLAD et al. 2007).

Another apotential novel treatment for Alzheimer's diseaselLatrepirdine
(commercially adDimebon). Latrepirdine treatment blocked NMDA retep
high-voltage activated calcium channels (WU etCil®)

More novel treatment for Alzheimer's disease is NitroMemantine

See; A3 induces astrocytic glutamate release, extrasynaptNMDA receptor
activation, and synaptic loss (TALANTOVA et al. 20B)

The first experimental drug to boost brain synapgsstin Alzheimer's disease
has been developed by researchers at Sanford-BurMadical Research
Institute. The drug, called NitroMemantine, comisinevo FDA-approved
medicines to stop the destructive cascade of clsamgthe brain that destroys
the connections between neurons, leading to metlassyand cognitive decline.

The decade-long study, led by Stuart A. Lipton, M.Bh.D., professor and
director of the Del E. Webb Center for Neuroscienkging, and Stem Cell

Research, who is also a practicing clinical newisltp shows that

NitroMemantine can restore synapses, represenkirgconnections between
nerve cells (neurons) that have been lost duriegptiogression of Alzheimer's
in the brain. In their study, conducted in animald®ls as well as brain cells
derived from human stem cells, Lipton and his teaapped the pathway that
leads to synaptic damage in Alzheimer's. They fahatlamyloid beta peptides,
which were once thought to injure synapses dirgeityually induce the release
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of excessive amounts of the neurotransmitter glatarfrom brain cells called
astrocytes that are located adjacent to the neels. cNormal levels of
glutamate promote memory and learning, but excedevels are harmful. In
patients suffering from Alzheimer's disease, exgesglutamate activates
extrasynaptic receptors, designated eNMDA receptangch get hyperactivated
and in turn lead to synaptic loss.

Lipton's lab had previously discovered how a drafjed memantine can be
targeted to eNMDA receptors to slow the hyperagtigeen in Alzheimer's.
This patented work contributed to the FDA appraMamemantine in 2003 for
the treatment of moderate to severe Alzheimersags. However, memantine's
effectiveness has been limited. The reason, thearesers found, was that
memantine (a positively charged molecule) is regpelly a similar charge inside
diseased neurons; therefore, memantine gets rdgedim its intended eNMDA
receptor target on the neuronal surface. In thadys the researchers found that
a fragment of the molecule nitroglycerin commonBed to treat episodes of
chest pain or angina in people with coronary hésgase, could bind to another
site that the Lipton group discovered on NMDA rdoep The new drug
represents a novel synthesis connecting this fragnoé nitroglycerin to
memantine, thus representing two FDA-approved drcgsnected together.
Because memantine rather selectively binds to eNMi@geptors, it also
functions to target nitroglycerin to the receptdherefore, by combining the
two, Lipton's lab created a new, dual-function drigy shutting down
hyperactive eNMDA receptors on diseased neurongpMemantine restores
synapses between those neurons. NitroMemantinegdrime number of
synapses all the way back to normal within a fewnths of treatment in mouse
models of Alzheimer's disease.

Controversy over the Causes of Alzheimer's

Alzheimer's is caused by plagues and tangles ifbtaim, right? Wrong, says a
group of researchers who believe that focusingh&msde abnormal proteins is
keeping scientists from investigating other potntcauses. In a 2009
(CASTELLANI et al) article in the Journal of Alzlmeer's Disease, they wrote
that the populahypothesis that beta amyloid (the protein found irplaques)
causes dementia is flawedrhis flawed hypothesis is why potential Alzheitaer
drugs continue to fail in clinical trials, they daiand has caused unnecessary
suffering for patients and families.

Dr. CASTELLANI is Professor of Pathology and Direicbf Neuropathology at
the University of Maryland. The two Editors-in-Chief the ,Journal of
Alzheimer's Disease” Mark Smith and George Perrg, @-authors of the
paper, and with Dr. CASTELLANI (2004), have longplayhesized that events
earlier in the disease process, not beta amylaidse Alzheimer's. Their logic
goes something like this:
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1. Abnormal accumulations of beta amyloid (the prot@inplaques) and tau
(the protein in tangles) are not harmful, and aneply end-stage signs of
earlier problems

2. Recent research indicates that beta amyloid magrbiective — a normal
immune response and an anti-oxidant

3. The accumulation of beta amyloid that can be s¢eutpsy (and on new
brains scans) is not well correlated with dementia

4. The focus on these abnormal proteins has crowdéduoding needed to
research other hypotheses.

Still the Main Hypothesis, At Least in Public

Dr. CASTELLANI and his co-authors are not alonghair thinking. Also many
researchers think the amyloid hypothesis is wrardytaat Alzheimer's research
Is headed in the wrong direction. So why is the lardyhypothesis still the main
theory in Alzheimer's research? ,Based on my imteya with various
neuroscientists and clinicians in the field, thandwant hypothesis -- the so-
called amyloid cascade, now the synaptic abetathgse -- is widely viewed
as seriously flawed,” says Dr. CASTELLANI. ,Unfortately, there is a lot of
money and associated influence, as well as preaggnames and titles with a
personal stake in the ultimate success of treatrefotts modeled after their
preferred construct. Alzheimer's research invobadbng ideas as much as (and
more in my view) objective pursuit of knowledge. tims respect, the peer
review process is a bit of a farce, as it encowgdgalty to existing ideas and
hampers innovation, in spite of unending lip sex\paid to the latter.”

And if there are doubts about the amyloid hypotheshy do presentations and
articles about Alzheimer's for a lay audience ofpFasent it as fact? ,The
popular press (major media outlets, many of thenfl) mn articles, with or
without schematic representations, along with guétem esteemed researchers
at the world's top institutions,” says Dr. CASTELNA ,They speak of (overly
simplistic) removal of bad proteins, the excitingsults from (hopelessly
irrelevant) experimental models, economic burdensociety if something isn't
done, anecdotal accounts of human intervention,ettc All this, which taken
together amounts to no more than snake oil in terih@scure, permeates public
thought and pretty soon everyone wants to be vataih[against beta amyloid].
Lost in the process is a hypothesis that is defdgolyed and certainly unproven.*

A Lot at Stake; The amyloid hypothesis, right or wrong, is impotthacause a
large number of potential Alzheimer's treatments lased on it. If it's wrong,
the hopes of patients and families will continuebto dashed, and millions of
dollars will have been wasted on drug development.
Finally, if the amyloid hypothesis is wrong, theewn brain scans that can
measure amounts of amyloid aren't useful, and ot faay falsely diagnose
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someone with Alzheimer's. This would make efforts detect ,preclinical
Alzheimer's disease, difficult.

If Not Amyloid, Then What? So if the amyloid hypothesis is wrong, where
should Alzheimer's scientists focus? Dr. CASTELLAdMGues for starting over
with a much broader approach. ,| think we havehtow the kitchen sink at the
problem,“ he says. ,Everything should be on theéetaincluding a poly-therapy
approach that encompasses multiple constructs yuatheses.”

Starting over sounds discouraging, but Dr. CASTENLAeems confident that

scientists will eventually find the cause of Alzieir's, if only because of a
lucky break. ,The proof will be in the pudding,” Bays. ,Sooner or later, there
will be a breakthrough, and it will be by accideAt.that point, the time and

effort will be devoted to elucidating a mechanidrattexplains the accident, as
the change in accepted science will have occulyatdforce of empiricism.*

44



