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TIYTAMAT-OKCAJIOALETAT TPAHCAMMWHA3A KPOBU AJI51 CHU-
JKEHUSA N3BBITOYHOI'O TTYTAMATA MO3I'A: HOBBIN ITOJIXOO K
JEYEHUIO MHCYJbBTA U APYI'MX HEBPOJIOI'MYECKHUX PAC-
CTPOICTB

Psin 3a005eBaHuit MO3ra, TAKUX KaK MHCYJIBT, XapaKTepU3yeTcs nMaryoHoil po-
JIbI0 N30BITOYHOI'O YPOBHS IJIyTamaTa, IIPUCYTCTBYIOIETO BO BHEKJIETOUYHBIX JKU/I-
KocTsIX Mo3ra. Ha ocHOBaHMHU OTKa3a aHTATOHUCTOB IIIyTaMaTHOTO pelentopa 0o-
POTBCS ¢ U3OBITOYHBIM COAEP)KAHUEM TJIyTaMaTa B TOJIOBHOM MO3re Mbl pa3pabo-
TaJI COBEPIIEHHO HOBBIH HEHPONMPOTEKTUBHBIN MOJIXOA, IPU KOTOPOM HU30BITOU-
HBIi IIIyTaMaT B MO3TOBBIX JKHIKOCTSIX YCTPAHSIETCS C UCIOJIb30BAHUEM TIOTJIOTH-
TeJel riyTaMaTa KpoBU, KOTOPbIE YBEIIMYMBAIOT €CTECTBEHHOE IEPEMEILICHHE Ty~
TaMaTta U3 MO3ra B KpOBb. B IByX cTaThsX, OoryOIMKoBaHHbBIX B xkypHaie “Cerebral
Blood Flow and Metabolism”, MOTHOCTBIO TOATBEPKAAETCS 3TA HEUPOIIPOTEKTUB-
Has KOHILEIHS.

KiroueBble ciioBa: 3a007IeBaHUSI MO3Ta, TIIyTaMAaT, HHCYJIBT.
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A number of brain diseases such as stroke are characterized by a deleterious
role of the excess glutamate levels present in brain extracellular fluids. On the basis
of the failure of glutamate receptor antagonists to deal with the excess glutamate in
brain, we developed a completely novel neuroprotective approach in which the ex-
cess glutamate in brain fluids is eliminated using blood glutamate scavengers that
increase the naturally-occuring brain-to blood glutamate efflux. Two papers of pub-
lished in the Journal of Cerebral Blood Flow and Metabolism now fully prove this
neuroprotective concept.
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Two landmark papers from the laboratory of Jose Castillo at the University of San-
tiago de Compostela in Spain, which were published in the Journal of Cerebral Blood
Flow and Metabolism (Campos et al. 2011b; Campos et al. 2011¢) will undoubtedly cause
a revolution in the future treatment of stroke. Ischemic stroke is a devastating disorder,
often leading to death or long — lasting neurological disability. tPA (tissue plasminogen
activator), the main treatment, is only effective for a small population of stroke victims,
leaving millions of stroke victims worldwide facing a bleak situation.

In fact, the potential treatment they describe may become standard worldwide for a
number of other brain pathologies that, like stroke, involve a transient or chronic excess
of glutamate in brain fluids. These include epilepsy, dementias (eg., Alzheimer’s disease),
multiple sclerosis, Parkinson’s disease and other hyperkinetic disorders, amyotrophic lat-
eral sclerosis, pain syndromes and closed head injury and subarachnoid hemorrhage. These
CNS pathologies are responsible for about one per cent of deaths and account for al-
most 11 per cent of the disease burden world-wide.

In the first paper (Campos et al. 2011b), the authors demonstrate the effectiveness of
intravenous oxaloacetate — a blood glutamate scavenger, in treating rats with a tran-
sient occlusion of the middle cerebral artery (a rat model of stroke). Under the stringent
STAIR guidelines (Philip et al. 2009), they observed that a bolus intravenous injection
of oxaloacetate at 3.5mg/100 g but not at 1.5 mg/100g rat weight decreases both blood
and brain glutamate levels by 70%, causes an 80% reduction in the brain infract vol-
ume already observed at 24 h reaching a maximum at 7 days and prevents the develop-
ment of brain edema at 24 h and 3 days while the edema resolves itself spontaneously
at 7 days.

The neuroprotective effect of oxaloacetate is due to the decrease it causes in blood
glutamate levels as the result of the activation of the blood resident enzyme glutamate-
oxaloacetate transminase (GOT (Gottlieb et al. 2003)). The latter enzyme causes a re-
versible reaction where blood glutamate reacts with oxaloacetate to transfer, via the co-
factor pyridoxal phosphate, its amino group transforming glutamate into 2-ketoglutar-
ate and oxaloacetate into aspartate.

When glutamate levels in brain fluids are elevated, the activation of blood GOT with
oxaloacetate, causes an acceleration of a naturally-occurring brain-to-blood glutamate
efflux driven by the newly-established glutamate concentration gradient across the blood-
brain barrier capillaries. Blood glutamate scavengers work only in the blood and this
mechanism categorically differs from that of glutamate receptor antagonists that have to
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cross the blood brain barrier from blood into brain in order to exert their neuroprotec-
tive effects.

In experimental stroke, several brain microdialyis studies have shown that glutamate
levels increase substantially in brain extracellular fluids (Butcher et al. 1990; Globus et
al. 1988; Guyot et al. 2001; Phillis et al. 1996) and exert a deleterious excicitotoxic effect
on surrounding neurons.

In naive rats, intravenous oxaloacetate was found to accelerate the transfer of radio-
active glutamate into the bloodstream after its injection into the lateral ventricles and to
decrease in parallel the blood glutamate levels (Gottlieb et al. 2003) The same phenome-
non of brain-to blood glutamate efflux was observed in another supportive study using
dual-probe brain microdialyis when glutamate was released from a delivery probe im-
planted in the striatum while a recovery probe collected it at a distance of 1 mm (Teich-
berg et al. 2009). Under such experimental conditions, intravenous oxaloacetate causes a
very significant reduction (70%) of the released glutamate reaching the striatally-implanted
recovery probe.

The impressive neuroprotective effect of oxaloacetate has been previously established
in a rat model of head injury (Zlotnik et al. 2007), but that paper lacked the direct evi-
dence — now provided for the first time by Campos and his colleagues (Campos et al.
2011b) by their use of magnetic resonance spectroscopy — that blood glutamate scav-
enging is the direct cause of a decrease of glutamate in the brain fluids within the infract-
ed region. Thus, Campos et al. (Campos et al. 2011b) not only bring the final missing
proof for the neuroprotective mechanism of blood glutamate scavenging, but also estab-
lish its effectiveness for the treatment of experimental stroke.

Of course, rats are not humans, and the corresponding dosage of oxaloacetate for a
human patient would be huge as well as toxic.

Man indeed has about 5 liters of blood and the 1 ml solution that is likely to be in-
jected to stroke patients should contain, as in rats, about 1 mmole of oxaloacetate. As
this solution ought to be at a neutral pH, about 2 mmole NaOH are added to neutralize
the acidity of oxaloacetate. Thus, the injected solution should be 10-3* mmole. 5000=5 M/l
of Oxaloacetate and 10M/l NaCl which will obviously not be tolerated by patient.

One has here to take into consideration factors such as the volume of tissue distribu-
tion and the fact that one cannot find oxaloacetate in human blood (Haas et al. 1988).
However, oxaloacetate must be present in human serum at a concentration not far from
that found for citrate in human blood (citrate (87+36) uM) since the condensation of
oxaloacetate with acetyl-CoA forms citrate. Oxaloacetate is also chemically unstable and
decarboxylates spontaneously into pyruvate (pyruvate (43£10) uM in human blood)
though the blood pyruvate may also come from the enzymatic activity of lactate dehy-
drogenase (lactate: (465+£165) uM) (Haas et al. 1988). In addition to the above, oxaloac-
etate is a substrate for human GOT which has a turn over rate Kcat/Km value for oxalo-
acetate of 36900 s'1/Mole, fast enough to eliminate oxaloacetate from human blood.

The second paper from the group of Jose Castillo (Campos et al. 2011c) makes the
momentous jump from rat to human, in a fairly large cohort of several hundred stroke
victims admitted to the emergency wards of two different hospitals. Using the same in-
clusion and exclusion criteria, they revealed two highly significant prognostic parame-
ters for the future outcome of stroke patients in terms of the modified Rankin scale score
at 3 months and the infarct size.

High blood serum glutamate levels (up to 1.5 times the normal values i. ¢ 300 M) at
the time of hospital admission is highly correlated with a poor outcome at three months,
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confirming previously established results (Castillo et al. 1997). Normal serum glutamate
but high blood GOT levels (twice the normal values) at admission is correlated with a
good outcome. Interestingly, only age and the NIHSS at admission have a similar prog-
nostic value at three months. In a further clinical paper (Campos et al. 2011a), blood
glutamate pyruvate transaminase (GPT) is also shown to be a good prognostic value for
the stroke outcome at three months though GOT is more robust than GPT. This fully
confirms our own results with GPT in a rat model of closed head injury and where GPT
and pyruvate are efficacious as neuroprotective agents but less than GOT and oxaloace-
tate (Zlotnik et al. 2008).

The implication of these papers (Campos et al. 2011b; Campos et al. 2011¢) is that
stroke patients’ chance of recovery will be significantly boosted by decreasing their blood
glutamate levels to about 50% of normal values (from ~200 M to ~100 M)) by bolus
intravenous administration of GOT i. e to a level of 60 units/liter around 3 times the
normal range of GOT in clinical labs. This should bring about a neuroprotective decrease
in glutamate in the extracellular fluids within and surrounding the infracted brain re-
gion.

A treatment with intravenous GOT is unlikely to have unwanted pathological conse-
quences: Plasma glutamate fluctuates in any case by about 50% during the circadian cy-
cle (Tsai and Huang 2000), most likely due to the accumulation of glutamate in brain
fluids during intense neuronal activity or the REM phases of sleep. GOT, as well, is known
to increase naturally, as it does in hepatitis, by several-hundred fold without laving any
sort of pathology, either transient or permanent.

Thus, the stage is thus now set for the conducting of clinical trials not only for brain
pathologies linked to the presence of excess glutamate in brain fluids but also for human
cancers such as breast, colon, skin and lung cancer where a deleterious role for glutama-
te has been established (Brocke et al. ; Stepulak et al. 2009). All these cancer cells display
on their surface both ionotropic and metabotropic glutamate receptors. Examining the
expression of NMDA receptor subunits NR1-NR3B, AMPA receptor subunits GluR1-
GluR4, kainate receptor subunits GluR5-GluR7, KA1, KA2 and metabotropic receptor
subunits mGluR 1-8, it was found that paraffin embedded samples from the above men-
tioned tumors were immunohistochemically stained for the selected subunits. The gluta-
mate receptor subunits are differentially expressed in these human cancers at the mRNA
and the protein level, and their expression is associated with the formation of functional
channels. In all these cases, retrospective studies of the role of GOT will be relevant.

But the studies of Castillo and his colleagues hold larger implications. By adding a
single test for glutamate/GOT in the routine clinical lab analysis, doctors apparently gain
a new tool for diagnosing and regulating treatment, as well as following up the 50 differ-
ent neurological disorders that display an excess glutamate in brain fluids.

Presently, blood, urine and CSF sample analysis is based on about 250 normal labo-
ratory values, and in 95% of the cases bring the primary care physician to the initial di-
agnosis and therapy. When the treatment turns out to be ineffective, the 5% untreated
patients are sent to the hospital emergency for further intensive testing — a factor that
drives up the public health costs very significantly.

The question is: why are there only 250 normal lab values? An inspection of a two-
dimensional gel electrophoresis of proteins and chromatograms for lipids in blood, urine
and CSF sample reveal many more potential hits.

We suggest here to commit now more efforts for establishing the full human
“blufome” (bloodome, urinome and csfome), an expanded and ultimate codex of the nor-
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mal ranges of lab values that will be available to all primary care physicians in their daily
diagnosis and decision about the appropriate therapeutic strategy to adopt. In this way,
patient care will improve, costs will be reduced and, since only a fraction of the 5% of the
patients will be referred to emergency wards, juggernaut hospitals will shrink accordingly.

Conclusions

With the papers of Campos et al. (2011) confirming our earlier results (Gottlieb et al.
2003; Teichberg et al. 2009; Zlotnik et al. 2009; Zlotnik et al. 2008; Zlotnik et al. 2007),
blood glutamate scavenging with either oxaloacetate or GOT has become a fully demon-
strated neuroprotective strategy in all cases where glutamate in present in excess in ex-
tracellular spaces. Its active components operate only via blood into which they cause an
accelerated elimination. Their use appears to be the most attractive option in the treat-
ment of human stroke.
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