10

15

20

25

30

1 LACTATE CONTAINING PHARMACEUTICAL COMPOSITION AND
USES THEREOF [0001] The present invention relates to a lactate
containing 5 pharmaceutical composition, to a method of preparing the
pharmaceutical composition as well as to various medical and therapeutic
uses of this composition. In particular, the invention relates to a
pharmaceutical composition and thd use thereof in the treatment of
diseases and disorders such as cardiovascular diseases, brain disorders,

LAGI-ATREOYTAINING RE AR MACTEYTAGN FQMRQBEIOM AN YRS

surgery, septic shock or obesity Tl{egEgRIticular aspect, the invention
also relates to the use of a hypertonic lactate solution for the treatment of
brain disorders. [0002] Lactic acid as such or in form of its anion, the

lactatgGeHqn Ol‘rﬁéﬂt?gé%@ﬁf, iR rAlhreyidesPaead GariCalisidthing

the pharmaceutical field. Traditionally, the lactate anion is used as

Phimasey HERhCRIBRASHIHIOIRs forerilads Obsrrenassmifie, itlAsextica
cdnspbshaiGh 185 2090, 29 RYRRLriBuS Tk e HRPURNEP&AARD208es of this

Lactate is also an in%dient in Ringer's lactate, an aqueous solution that
[

CQERIBHHIE with tHRARLFHET hIdBE (dBKEARMY fIBtRImdRI N, BN RIAGRtical
cdfnpbSEdAMAld Grt u3é THERM ARt arshirhrOomBIsdadas usvd @@orders

physiological saline solution for intravenous infusion in hypovolemia. In

sugdupfoRaldioxaspdabaise RPN Fg e datenPgandailre aglarity, acute

h&ﬂﬂ@ﬁﬂ@ﬁﬁ@@@%ﬂoﬂ&%tMi%ﬁgﬁét%r%@@,t%@@%gﬁwwﬂﬁé@s;ity.
lactate, d-betahydroxybuytrate, acetoacetate, that can be employed for

InsRAe tRaFHEY A QsRafq et RRlieR: AR R IBIPE JRdiGiniss. 61 folmsstonic

laéfat@rdelkibriaeioted srautaieet for parendorsaksdialysis and irrigation
ther?fé/d ?éfedﬁc examples of conditions that can be treated according,to

this entlAelSARIRS MR IOBLBEIR IR adpRiaim anion or
saf0 e ratAl Mkt AG O aHesRidi LB A AdoEp preanBy. mQHéCﬁ{Qrﬁf&%utical

as_alsg been the subject of 30 research in patients undergoing cardiac

h
ﬁeégrJéﬁqiiWﬂﬂgysthhtTyl%@ﬁ%é@JBBIi'é used as buffering agent in Compositions
for dialysis, see for example, Chung et al. Perit. Dial. Int. 2000, 20 Suppl. 5:

S57-67, or US patent 6,610,206. Lactate is also an ingredient in Ringer's
lactate, an aqueous solution that is isotonic with the human blood (containing
130 mmol/l Na*, 5.4 mmol/l K*, 1.85 mmol/l Ca®*, 27 mmol/l lactate and 112
mmol/Cl’), used as physiological saline solution for intravenous infusion in
hypovolemia. In addition, lactate has been described in US patent 5,100,677
as one permanent mono-anionic metabolite selected from the group of
pyruvate, lactate, d-betahydroxybuytrate, acetoacetate, that can be employed
for fluid therapy. According to this patent a solution containing 0.01 to 2400
mmol/l L-lactate is suitable for parental, oral, dialysis and irrigation therapy.
Specific examples of conditions that can be treated according to this US
patent are acidosis, dehydration, blood electrolyte depletion, shock,
malnutrition and uremia.

[0003] More recently, the lactate anion has also been the subject of
research in patients undergoing cardiac surgery. In this study, the metabolic
and hemodynamic effects of a 1 M hypertonic lactate solution (consisting of
90 g lactate and 23 g sodium per liter) was investigated in postoperative
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and hemodynamic effects of a 1 M hypertonic lactate solution (consisting
of 90 g lactate and 23 g sodium per liter) was investigated in
postoperative 2 patients who underwent elective coronary artery bypass
grafting (CABG) (Mustafa, I. and Leverve, X.M. Shock, 18, 306-310,
2002). The authors concluded from this study that hypertonic lactate
solution is safe and well tolerated ir?patients that undergo this kind of
surgery. 5 [0004] However, despite these promisin%ﬁresults it would be still

pafiafitabihe ANEBia R RSIHAIREOREH GSiRN PRaseagaf§ng (CABG)
(MORBHERCUregaDEiRHRE and/sulipbiedion 8 gmes varetyebBlerapeUitithors

applications. Therefore, it is an object of the invention to provide such a

canptysieshibrM dlisosb chhihabjBYPR ik tpsiAt FOIMERS iy thafe and well
to@?ﬁf@@ﬁ?ﬁ&ﬁéhﬁqmﬁ%d@m}{m fepduig &fythe respective

independent claim. Such a composition is a pharmaceutical composition

contdPRY D50 O YEYE nigERIIES IHESRIRTBMNURING dQ8bisIdbateuishpe still
ddeifb@illigolag\rer htergitetagsinizinid fAddivpodIadRverran is alsdsy to

directed to the use of a hypertonic 15 lactate composition, i.e. a

MapH{g6kifien RaSind KRSicadd Btiiablatdor i cariAit¥arity seftdheigpeutic
appiltaiies PeniiRidey, theigeaimeniet RivithJigaregiGhCly asri@d@adisch a

brain injury, cerebral ischemia or non-traumatic brain injury. Accordingly,
COUMRBIBRI pharmaceutical composition that is used for the treatment of

SUChWPiSW@Sw@bPﬁﬁyﬁvéﬁindﬁ%ﬂ etHaeipgcithe pialitRaceutical
e

specified concentration range as the only (pharmaceutically active)

CQBRASIRANRNING RS IRAEERRINDRS HRIAGHIYB0AEEPRAGRL fHiBINs Such a
cdAsesifenthessprisiagniacingicant dypBsmiclacdatRGAMEINTRD to 2400

compositions écom ositions that comprise lactate as active in?redient in

Mimode e iedueh astifesetbod $aRRD5 gl TeluRales per liter of

pcBBYRANONS addiFoRiahelierdiveness dserahabierise theiaRredtia hypertonic
indications such as the treatment of an elevated intracranial blood

laGiEs FATIRIS W brai e dent@ WARHICH HE¥AGscd taiqudsiit SraifActate

cdRiBMtration of 250 to 2400 millimoles per liter, for the treatment of brain
disorder such as traumatic brain injury, cerebral ischemia or non-traumatic
brain injury. Accordingly, a suitable pharmaceutical composition that is used
for the treatment of such brain disorders may only contain lactate or lactic acid
in the specified concentration range as the only (pharmaceutically active)
component, i.e. it may not contain potassium.

[0006] The invention is based on the surprising finding that
hypertonic lactate containing compositions (compositions that comprise
lactate as active ingredient in concentrations such as described here) have
highly versatile applications and a high effectiveness in such diverse
therapeutic indications such as the treatment of an elevated intracranial blood
pressure (ICP) or brain edema which can be caused by traumatic brain injury
or the treatment of acute hemodynamic distress caused by polytrauma, shock
or post-operative situations, for example.

[0007] In preferred embodiments of the invention, the concentration
of lactic acid or the lactate anion is in the range of about 350 to about 2000
mmol, or about 400 to about 1500 mmol or in the range of 500 to about 1500
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or the treatment of acute hemodynamic distress caused by polytrauma,
shock or post-operative situations, for example. 30 [0007] In preferred
embodiments of the invention, the concentration of lactic acid or the
lactate anion is in the range of about 350 to about 2000 mmol, or about
400 to about 1500 mmol or in the range of 500 to about 1500 3 millimoles
per liter. In other preferred embodim@nts the concentration of lactic acid
or the lactate anion is in the range of about 800 to about 1200 millimoles

mijimples Resie dmpbEincieHaS frabRdinents the rRicelt@iRnetdastic
adh 8PME PRAAE ahmsk 1009 milimelRs Refdiset Ba® fRHagd0t Pepa AR s

5 suitable. However, depending on the concrete aggicatlpn and also on
P]h&&SeBri)BEtREBOMHTIBAERIIABGARNAI0A &) Hietaalicrifyosdaakie of

abBERIS0 GO UBERHOMOBENIMINMEAEYDRT AREr KA IHAOI- B bRRicularly

chosen. Accordingly, any lactate concentration within this range, for

suitafife &l amevesoglepsn e 20b ththsPreiale aapliratisedand also on the
SERRIMBINGHIRE WEh @y H @ sanRenraiagu hekihesnere HRPE ISR TRYate

be present in the composition of the invention, for example, any

CoRaeRERIRRoNHBHIrdhiSn 'RARD & irdfk 1angdQ% MBeblmifARoles drhpsen.
A@&?wﬂ?sﬁzn& trabigidhgs icuntbitiohavanaetaiabange, troret Pple, 350,
6]

millimoles per liter (see below%. £0008] It should also be noted in this

SQRspRP, 1194t #RORrMMatidaotale; Samphses$Rfh En&XBRRARND i @any
cdrdanirgias Vel ascthethdaciaigreWBRISINiIcACIRHRS Befepkedent in the

However, as long as the D-lactate is present in amaounts which do not

CHERESIICAIREIE BV foiRY EHEEIRIR tREHROLATSY B aasREY ation which

is MHXhEerahbe iDdasinififRoRgodieass itiheoRventialon itate8Mwithin
"lactic acid" accordinglé also includes D-lactic and L-lactic acid and 20

th& FARgS I Ri dos 1ol RUEPJTYBMRIES RS (BREL]ISWSuch a
polylagtiosicid ((rshaieiairb berihsieaaretlsivaisscef iagtithacigratichhemte”

esters of lactic acid are also within the meaning of the term "lactic acid".

d
COBRISR DO RARBUNREHre RTBHRy et BidaCRA B8:Eoredpsslotactate,
witiie lacidonia RopreiRerraehHsWalyerrakiftongmas thien-IEbrieiBprestit in

amugﬁr%fsrv\i/)ﬁtigheag fnlgf tfil%ve an adverse or even toxic effect on the patient to
be treated, a mixture of L- and D-lactate can also be used in the invention.
The term "lactic acid" accordingly also includes D-lactic and L-lactic acid and
further includes polymeric or oligomeric forms of lactic acid such a polylactic
acid (polylactate). Furthermore, derivates of lactic acid such as esters of lactic
acid are also within the meaning of the term "lactic acid". Examples of such
esters are methyl lactate, ethyl lactate, or esters of lactate acid with polyols
such as glycerol to name a few. Furthermore, the use of mixtures of lactic
acid, lactic acid derivates such as esters thereof, and lactate is also within the
scope of the invention, i.e. a pharmaceutical composition may contain lactic
acid, polylactic acid and a lactate salt.

[0009] In order to achieve electroneutrality of the composition of the
invention (especially, once the composition is in present as fluid), a cation
such as ammonium, dimethylammonium, diethylammonium, sodium or a
mixture of such cations is also present in the composition, if lactate is used.

Preferably, sodium is used in some embodiments as counter-ion for the
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25 acid, lactic acid derivates such as esters thereof, and lactate is also
within the scope of the invention, i.e. a pharmaceutical composition may
contain lactic acid, polylactic acid and a lactate salt. [0009] In order to
achieve electroneutrality of the composition of the invention (especially,
once the composition is in present as fluid), a cation 30 such as
ammonium, dimethylammonium, diéthylammonium, sodium or a mixture
of such cations is also present in the composition, if lactate is used.

lagiaife AHRN. JeRtilTHO SR 68 S8 STMRCORBRIHIRINCA S iU iisle riicaldauthe
cHBsEHe AR EBnBEHIPSfRAIES he £PBS8HH 2LBRI AR PebiRdS ddgpieabifed

the chosen lactate concentration. For this reason, sodium lactateisa
CQiRPRYRG USSH JBUREPR3ERIND RPRPAT B JaSiIBNHIAR- ikl Eatitthagid is
udBalicRSIchimerSeaiBA OBLESRI USRS PEPI DS OWHRR', MB(AD 1RSHIL the

from the 5 dissociation of lactic acid) needs to be present in order to

diseaRiatoR cetrdAelifraRGiOHoRRRRS, HQudPReOREAbIORicAIglisdRl achieve
el6gliBne@gafgsciinsldRlpwicanARtBEE S§IHy S Segitamio e facticaglsif as

lactic acid is ‘'used as active ingredient in the present invention. [0010] In

deREIiRGH, BsorL RTbRBRN BRIEGhtBS SR ASsInm [adiic aeidrdsiadic sicid is
uRIasshENRAR GRRIIRLIRCHR RRdsdriiticiiafisseful in order to prevent a

hypokalemia which may be caused by the treatment with hypertonic

sodidf08late 'MoAdditPSorifaee FIBRRARINR &HE0e COMRISItRPIRFIHEN. The

prEYEREOHRR RRVISHUALS BEENTBLAR iBiIBENMIBRAR #8818l in order to
millimoles per litre, with a potassium concentration of about 3.5 mmol or

PraMet @ RRelRle B AR EBhRG FrfERe YRS HERMBBHIHENYPertonic

sdaRk] THee6e MpeREioNPf BmEVERTEIH BN BISOCARRITSAIBBERIBh 2of the
concentration of about 2 to about 5 millimoles per liter of calcium, In som

. . . \ some
INYRISOMTBRLP IR WoNTIEGRBH FARE Sk Hife T aMOR HAE rPcaligu R illimoles
petsafe avipleiWotassieeRicatien i i ieegudie-3. SorimulivrelBs et iehol/L

is presently 20 preferred. A concentration of 2.7 millimoles/litre is

beingiRRSA L RBIETSA LHRAMSBITRRRINEHSe combination of the
metajgliseple R APOBIAOE of the invention may also contain calcium in

a concentration of about 2 to about 5 millimoles per liter of calcium. In some
embodiments of the composition of the invention, in which calcium is used, a
calcium concentration in the range of 2.5 to 4 millimoles per liter is presently
preferred. A concentration of 2.7 millimoles/litre is particularly suitable for
some applications. The combination of the metabolisable lactate anion and
the calcium ion in the specified concentration range has been found to
powerfully increase the hemodynamic function of a patient. For example, the
combined presence of lactate and calcium significantly increase the cardiac
contraction (due to an inotropic effect). In addition, this combination allows to
relax tone both in the general circulation of in the pulmonary vascularisation
(decrease in vascular resistance), which results in a significant increase in
cardiac output, even in patients with cardiac failure, for example (cf. Example
3). In this respect, it should be noted that the composition described here has
a remarkable anti-ischemic/antioxidant effect, and can thus be used for
improving the recovery of affected patients after an ischemia-reperfusion

injury (cf. Example 4). In this connection, it should further be noted that the
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the calcium ion in the specified concentration range has been found to
powerfully increase the hemodynamic function of a patient. For example,
the combined presence of lactate and calcium significantly increase the
cardiac 25 contraction (due to an inotropic effect). In addition, this
combination allows to relax tone both in the general circulation of in the
pulmonary vascularisation (decreas'é: in vascular resistance), which
results in a significant increase in cardiac output, even in patients with

corarasities ofdh R irvamipr ASomesaprses arsianificapcrelimanifes(fluid
rePRIRRHMREHIE ROBRARIGON deschlbed firse tanBld r%m?éh?sbl?equwmg fluid

anti-ischemic/antioxidant effect, and can thus be used for improving the

infdgioredpofresEstathiiafedsy aﬁ@@ﬁ@c%ﬁkﬂ%\‘fum Yejupeceffect is
stRFYBEPIBA:- t%tHWGWW@éFféBPHIQHH\RW%%ﬁ‘H@Q ﬁlﬁ‘uﬁ%ésuch as a

com osition of the invention also possesses a Z:’gnlflcant volume effect

gnHolsabHisAmEfiRreRABARRWA AFAGNY adeltt iR PatRntigcRIHmg of
sJBHda 'RH&)W?P§8ﬁfi‘?&#‘ffﬁ'W@@ébi@Fﬁ@'BBiSlfﬁH‘f@rﬁ%yh%WHﬁﬂﬁc effect

effect is stronger than the hemodynamic effect of known crystalloid

(ChdritinRISLRh2MCh B reghistiorsyigidshingnaigplicariermanae aiifhsostsess
théOPe-RfribIe Rlbraserit Rickha rntSabriaRdmproessarsty MhRiAZEGo be

same hemodynamic effect (cf. Example 2) Such a reduction yields in a

p%ﬁ'&ﬁFﬁcQ)‘ntW@cr@QQ@beﬁ@ﬁr&% %Eir@étrﬂ@qq@ﬁﬂas%’ﬁ? HgKtRepatiGisiema

dderesaspieasolepadiyid s tedapbyriiied Bt thakidpekeias the rigse to
of produci rg swellings and edema 10 decreases. Accordingly, the

sigpifitRIlINoNBEPRSAVERASIPIS dﬁf@t&f&ﬁﬁfu&ini@%é@éﬁgé%sgi%'¥rdéhe
ccﬁﬁ|§§§tﬁfrﬂdﬂ freaimentidrinally sipriepaBPBEON RIIRE 1B\ BBREhBSstrongly

surpr|S| Ry been found to be able to strongly decrease the intracranial

ARGagraiateIsS S HHIRIAR Heiie agiRaseTidesnireadyain
trém@;eenﬁ@,un%i@é@ MRQKE PERMOENGES 8NhEGHRAD M@Mﬂﬁ%&@h@ﬂmre

effect of mannijtol, the standard treatment for this disorder so far (

Prelenapth hal dad AfiRck Rlifeant el t&ﬁo%@%%%@uﬁ@@%ﬁ%&ﬂémés lisorder

senpssiERampreEling to the invention typically comprises chloride (CI) as

[0012] In addition to the above-described components, the
composition according to the invention typically comprises chloride (Cl) as
negatively charged counter-ion for the potassium and the calcium cations.

[0013] In accordance with the above disclosure, the composition of
the invention is preferably used as an aqueous solution.

[0014] In one presently particularly preferred embodiment, the
composition of the invention contains the above-mentioned ingredients in the
following concentrations:

1000 millimoles per liter lactate,

9.4 millimoles per liter chloride (Cl),

4 millimoles per liter potassium (K),

2.7 millimoles per liter calcium (Ca), and
1000 millimoles per liter sodium (Na).

[0015] In another presently particularly preferred embodiment the
composition contains these ingredients in the following concentrations:

1000 millimoles per liter lactate,
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negatively charged counter-ion for the potassium and the calcium cations.
20 [0013] In accordance with the above disclosure, the composition of the
invention is preferably used as an aqueous solution. [0014] In one
presently particularly preferred embodiment, the composition of the
invention contains the above-mentioned ingredients in the following
concentrations: 25 1000 millimoles rﬁar liter lactate, 9.4 millimoles per liter
chloride (CI), 4 millimoles per liter potassium (K), 2.7 millimoles per liter

calcium (C&f BWtimales paniRlelesidaddodium (Na). 30 [0015] In
another prg_sy;mlmwgglfgﬂyig%{é—‘é%@ﬁp@giment the composition
S

contains these ingredients in the follqwin%lgl:onéentrations: 1000 millimoles
per liter lagatENBIBASHNRHHIES pRIEIHET (hrfdridedcCl), 3.5 millimoles per

liter potassiggp (Klilikd| B ENIRS BBEIIAT gdlgium (Ca), and 1000
miIIimoIes@[ﬁr liter sodium (Na). 5 [0016] In other presently particularly

prefekPd @mbdairedirs, Riesilibvipdrtewacliraiolesrark aapimrNts, the
foﬁemag%g@é%ﬁ@m@%wga ItehiaeatSp SeRith 9-4 millimoles per liter

chloride (ﬁ, 3.5 to 4 millimoles per liter potassium (K), 10 2.7 millimoles
per liter ca@SAMM{tRRI8APSOIGRilRTIBIEs per liter sodium (Na). [0017] Yet

another exagmpiegod %pnm@gyﬁyﬁﬁggf%wp@@(q@]ﬁnt is a composition
having the following concentrations: 750 millimoles per liter lactate, i5 8.9

to 9.4 millifel& H&rillakesorsrklifenpotassium (K),

2.7 millimoles per liter calcium (Ca), and
500 millimoles per liter sodium (Na).

[0017] Yet another example of a presently preferred embodiment is

a composition having the following concentrations:
750 millimoles per liter lactate,
8.9 to 9.4 millimoles per liter chloride (Cl),
3.5 to 4 millimoles per liter potassium (K),
2.7 millimoles per liter calcium (Ca), and
750 millimoles per liter sodium (Na).

[0018] The composition may further contain other ingredients, for
example, further physiologically relevant cations such as magnesium or zinc.
Magnesium may be present in a concentration of up to about 3 or 4
mmol/litre. The composition may also contain phosphate, in addition to such
physiologically relevant cations or independent from their presence. The
phosphate may be added in any suitable form, for example, as monohydrogen
or dihydrogen phosphate. Examples of suitable phosphate salts are NaH2PO4
and NapHPO.4. If present, the phosphate is typically employed in a
concentration up to 5 mmol/liter. A further compound that may also be added
to the composition of the invention in a concentration of up to about 5
mmol/liter is ATP. ATP may be used in the form of its magnesium salt.

[0019] Other suitable additives that may be included in the
composition are agents that exert an osmotic effect (osmolytes and oncotic

agents) and thus can further increase the osmotic effect of the composition of
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3.5 to 4 millimoles per liter potassium (K), 2.7 millimoles per liter calcium
(Ca), and 750 millimoles per liter sodium (Na). [0018] The composition
may further contain other ingredients, for 20 example, further
physiologically relevant cations such as magnesium or zinc. Magnesium
may be present in a concentration of up to about 3 or 4 mmol/litre. The
composition may also contain phospﬁwate, in addition to such
physiologically relevant cations or independent from their presence. The

thehayaliemalRmiieRdgh &4¢RUREBIETEAR, AICXAMRRKS sagents include
cmieg%%wmgydwm%h%@hﬂw- REMESOERUERDIGIbumin or

phosphate salts are NaH2PO4 and Na2HPO4. If present, the phosphate
migtyfiseAieranhibyemples QredirPiearely draimepmBouNdsAEs sorbitol,

xyFRNP NG 3t Ml RleQiRssadder dindhe SR NASHORIPEA&IAMENTINAR as
a concentration of uE to about 5 mmol/liter is ATP. ATP may be used in

hyteoretot igfarely SAITRIYORA ATOIRS & FRINRNYGHRHIG SARAHAFS-
TS e AR CRAp LA SEnENRLEXGREBRIPABALSI RIPE about

(osmolytes and oncotic” agents) and thus can further increase the osmotic

1Q:fe WO BB R PIGREGADERABATIER Hh PY Srvaibl SRS ied %
(WA INGREIRICHITHIR Usi§e SRR ARG LMo INERodRIREE RRTHVE, it is

proteins such as albumin or mixtures thereof. Examples of suitable

ty@%ﬁh%@ﬁ%’é‘wh?dbﬁﬁ@QFéJEGH)ﬁBF,’UJ(ﬁiﬁ)f’,/"o%VXﬁd'PSe, polydextrose,
modify d up@egifigd starshismey athe Rulpestion 9RfRB (EPYieh can

mixtures of these carbohydrate compounds. These carbohydrates may

be, 52, Bethrelatagiy ik QnthsiiBResigaBRisationsD & Ak, feoexample,
beXRIB8%n AREPIFEAHABREIBY Al QN LRl pihitiviar bl ket Y edtonary

.another oncotic agent such as gelatine is chosen as additive, it is typically .
diseases: iR HSOFILNS 1R F8iBI5%.oPRER Yo RIS oAdeaResydynamic
diSiRIYOBRE, (RN SHRN SUrde N VERE bR IRoASeEnNIRe IBEd@sed for

varie,t% of therapeutic applications. It may, for example, be used in the

reRESHHRIRMD AR SRR dUr FRAHYF RERICRI HbIR LGyt of patients. The

composition of the invention can thus be used in emergency cases (for
example, for the treatment of an increased intracranial pressure as discussed
in detail below), as an agent in intensive care units (ICU) as well as parenteral
food supplement for obese or hypercatabolic patients.

[0021] One therapeutic application of particular interest is the use of
the pharmaceutical composition of the invention for the treatment of a brain
disorder. In this case, only lactate and/or lactic acid needs to be present in a
composition of the invention. Examples of such brain disorders are traumatic
brain injury, cerebral ischemia or non-traumatic brain injury, metabolic
disorders associated with brain dysfunction and complications associated with
surgery.

[0022] In one embodiment the traumatic brain injury is closed or
open craniocerebral trauma (CCT). To the surprise of the inventors, it was
found that the pharmaceutical composition of the invention is not only able to
significantly reduce an increase in the intracranial pressure (ICP) which is
caused by the traumatic brain injury but that the efficiency exceeds that of
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diseases, brain disorders, organ failure, obesity, and acute hemodynamic

distress due to medical and surgery. The composition can also be used

for 15 resuscitation and also for operative/postoperative treatment of

patients. The composition of the invention can thus be used in emergency

cases (for example, for the treatment of an increased intracranial

pressure as discussed in detalil beI(§N), as an agent in intensive care units

(ICU) as well as parenteral food supplement for obese or hypercatabolic
maRafEats Wiughois1 flenstandapb armeibreaneH!sr pRRIGAGR ifRsraWal it an
inds&864hepharmaceutical composition of the invention for the treatment

of a brain disorder. In this case, only lactate and/or lactic acid needs to be

presd@PRBh cdmFsidiiinnefitR PRERESHIELhiRe HwrlirprHAN also be
adliRAreRIRa R LayaRale tREAIBURBIY repReP Rl rskRBRIRieTHIamT iU &ikch as

brain injury, metabolic 25 disorders associated with brain dysfunction and

stedfpReaiAdasiabcritda RitRliengdigVvino 2 meishe kntisardrneagrociated
wiliRUSPAHC BY3HIABHEY 18 HASeE HePRAE TRMASSHRRIBMIAUWBMECDlle O its

the surprise of the inventors, it was found that the pharmaceutical

stepesMBHOEIREINVBRIRPIMPASHISAIPENNS 1A 4BMEIgRIfe ARY resRise tay the
tréREFRRSTE I B/ INIFAGE eI RIeseHne EedmuvhishdadcBysgdiyithstic or non-

traumatic brain injury but that the efficiency exceeds that of 8 mannitol,
r3pmaisRrrisiakdy AP isaRNeIa ShiR PRSI RN srRRY &Y prevented.
incre P. EQ8A% Bs agidigigni hasQuinnrogidensEshe: ivvestarn caiseases

also be administered to a patient that suffers from a non-traumatic brain

il URe deaiedritio eI EReRas bR QTpiRnNEVHR a g AbMIRardial
isEHRATEr ARePSPERRNYHBIRIRSKBHNSHAV 8860126 iafons of diabetes,

hypoglycemic coma. Due to its strong osmotic effect, the compagsition of

AGHISINVEHRIGH X alsSGEEMIGor tRECHEAIRTENt 'BfUMy (iRracERTRNGGlARS  Of

aresiersal eaise ddoy ricag meabic or non- traumatic brain injury (disorder) so
this edema is either reduced or prevented, 10 [0024] Examples of

cardilR0RR1ar AT COBPESHiDAGaNEEAIN X TS an antischemic effect, it

can also be used in the treatment of a patient suffering from the failure of any
organ. Examples of specific organ failures that can be treated include, but are
not limited to renal failure, liver failure or heart failure. In addition, it is for
example also possible to treat cardiogenic shock which is caused by heart
failure with the composition of the invention.

[0026] The composition of the invention has also been found to be
useful for the treatment of any form of acute hemodynamic distress. This
acute stress may for example, be caused by polytrauma, post-operative
situations, septic shock, respiratory diseases, or acute respiratory distress
syndrome.

[0027] In accordance with the above disclosure, a composition
disclosed here is usually administered as a fluid. For this purpose, any
suitable way of administering a fluid to a patient can be used. Preferably, the
composition is administered parenterally by infusion or injection (for example
by intravenous, intramuscular or intracutanous administration). For
intravenous administration the composition of the invention may be given as

bolus infusion or bolus injection. A typical daily maximum dosage of lactate is
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that can be treated with the composition of the invention are myocardial
ischemia, cardiac dysfunction, cardiac and vascular complications of
diabetes, acute infarction, ischemic reperfusion injury, or complications of
arteriosclerosis to name a few. 15 [0025] As the composition generally
exerts an anti-ischemic effect, it can also be used in the treatment of a
patient suffering from the failure of a%y organ. Examples of specific organ
failures that can be treated include, but are not limited to renal failure,

ahet fafidee P HBRIRY5IURS dy) WaighE A2k 9 ferlextaRseMIBAgRdneight of
70rRBt A HHOgL DI S5k WRIGRHS GaYs e bysBeart oAbl Wt BSinvention

composition of the invention. [0026] The composition of the invention has
consyHegfRimaNo Betaigdfuepdhiotraaitainental foralsicaedescribed

heteMaHYRRIBImEIsHess. Hit A ISRl aYday exayrie. BeRRSRI&Y by

polytrauma, post-operative situations, septic shock, respiratory diseases,
balpadntesiespifaioryi@lidhe®in 25Eithar Si9eage0277 PiCarcilloeped it ggram
bR VRRiREIaSHEr A6SaYRRSIHAY SHsChered BRYS seugyally adpunisiRgesh the

as a fluid. For this purpose, any suitable way of administering a fluid to a_
spegidhicondien s PRERIREN Ot EreditthdRidreRImeRiRé ke, a typical
dRRgateral By Ui AeiRSStaR NQCEXABRIBHiBY HAVES1aHSNn/kg body

intramuscular or intracutanous administration). For intravenous

WeightifiStatit: the BAIRPLLIRANY WRIGAVBRNHN Aegpsingler'ad hdKidactate

sdnftisiomsonSedsHeskior: Aridindl slaiherarxisamdoRadsf Bckatmie Df 5
about 4.5 to 7.5 mmol/kg body weight/day, or calculated with a bod

MiggRedy WEIRoLS 1§ 8RR8I AEIRIY A Hadba %Wib%‘%ﬁ%/brh gf the

intkaiRyersianagenREIRIGDR B ¥ el ipused for a treatment of a
patient as described here, an amount of 4.5 mmol/kg body weight/day

may HPZ&hinEas s o 1ddriRRIsiEH eSS 1 Fo MMk BERder a
prainadBlisielltiepshegiash kemaieigtoEuhes mﬂﬁim\%@%cg@fﬁﬁter of
oe

also be used, depending on the specific condition and patient to

lagtic, 2QiId-8F t?@ﬁtr‘ﬁ"&itﬁt& &rdReth%mEIO'eS per liter of potassium and, if

present, also 2 to 5 millimoles per liter of calcium. This method comprises in
one preferred embodiment providing respective amounts of sodium lactate or
lactic acid, potassium chloride and optionally, calcium chloride and dissolving
the compounds in a pharmaceutically acceptable solvent. In this respect, it is
noted that the ingredients necessary for the preparation of a liquid
composition of the invention, for example, sodium lactate, lactic acid, calcium
chloride and potassium chloride can also be mixed as solids and this mixture
is then dissolved in a pharmaceutically acceptable solvent only prior to its
administration to a patient in need thereof. Accordingly, a pharmaceutical
composition comprising lactate or lactic acid, and potassium (and optionally
also any additional ingredients such as calcium or magnesium or an osmolytic
agent) in solid form is also within the scope of the present invention. In some
circumstances, for example, if storage room is limited, it might even be of
advantage to prepare a solid mixture of the components of the composition of
the invention, and prepare a liquid form thereof, only when needed.

[0029] In principle, every suitable combination of compounds that
yield a composition having the desired content can be used for preparing the
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dosage of a 500 mM lactate containing composition is 10 ml solution/kg
body weight/hour, i.e. 5 mmol/kg body weight/hour. Accordingly, ifa1l M
lactate 10 solution is used, the same amount of lactate can be infused at a
rate of 5 ml/kg body weight/hour. If polylactate is employed in the
composition of the invention, oral administration is a preferred route.
[0028] The invention further relates 18 a method of preparing a
pharmaceutical composition containing 250 to 2000 millimoles per liter of
corsnastitoack! dhenENRIERN-2Rer1eXAMPIRI pRMMeIHPPotassibm RIifpared

froWe$eticaRG? QaimlinelsipealeaiAf QalsHyB- khis Pgthod s@mBtE&Sum

in one preferred embodiment providing respective amounts of sodium

chigsidee ofltertriixeld, poraRIUTe cRiorf@cB dpatriHy Sediefim apidifieand
sRIAIERRMAE A ALBAE Sl FoPRAEPARRY!E BOHAKESIERAPE BRVERIsent

~ In this respect, it is 20 noted that the ingredients necessary for the
INYeEbQfation of a liquid composition of the invention, for example, sodium

lactapoggfic e caIFUR SHIPERE A ANABRUBR SRR AR AR able

mixed as solids and this mixture is then dissolved in a pharmaceutically

sodeBhtis &R JrAEhriBr M RHWRIBIONIED ahafieatin $Rlyent such
adharrefoPeRABHEckS MRNSSIEREIISR| e RoCPRRAGE I HECSHNBTIRIbRHAR, in

or lactic acid, and potassium (and optionally also any additional .
PaRire@ERISRE QP AP LAIERMDINA ARG 3MaHYSmbriealydh #PLR 1S

ddrisiBcRISyBhir ESLBRORRSA ERE G AsE R YSIE Wdfe B@ReCpurity of which
circumstances, for example, if storage room is limited, it might even be of

S 2865RRIBRIG HREpRRAEMAARYHARtURPBHBIRBSnpdRENig HRomposition so
pr@@ﬁﬁ@éﬁ@i@rﬁ‘ Bk %Hi@dr\‘\(ﬁﬂf@["f@ﬂ@ﬁﬁ%‘? B)Jifﬁl@igtfﬁfmiﬁ@@'fﬁﬂf'&nbterile—

when needed. [0029] In principle, every suitable combination of

filkgHABb RGO tRaRIBIBI R ApdRitiBn PRUMY: thReRKRiAREntht BaPisderred

solsEfton AieRRENE dhE HiriepIpes fentabtRedpHeinN of Sh&XRPBsRion of
composition can be pr&a\g%red from lactic acid. sodium lactate, calcium

theniBrgRiGN: iR S5l BRIt BRI VAT ASRIaRS ad iR g United
SteaduPn iafiatepiedinosiaptate, and sodium chloride could also be used

for prﬁj%%qr]]g aT%%r?rgyesg{%%?é tfﬁ?tﬁé?”ci’l?unsttrated by the attached Figures and
the following non-limiting Examples.

[0032] Figure 1 shows the change in the intracranial pressure of a
group of 12 patients suffering form brain trauma after receiving an infusion of
the composition of the invention (closed squares, containing 500 mmol/l
lactate, 9.4 mmol/l Cl, 4 mmol/l K, 2.7 mmol/l Ca and 500 mmol/l Na)
compared to a group of 12 patients also suffering from brain trauma who are
being treated with the conventional mannitol therapy (open squares).

[0033] Figure 2 shows the survival rate of the group of 12 patients
suffering from brain trauma that are treated with a composition of the
invention in comparison to the group of 12 patients having received treatment
with mannitol.

[0034] Figure 3 shows the change in the osmolarity of the blood and
the change in the hematocrite (Hte) and the hemoglobine (Hb) concentration
in the blood for the treatment with a composition of the invention (open bars)

compared to the conventional mannitol treatment (closed bars).
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5 invention. [0030] The solvent can be any suitable pharmaceutical
acceptable solvent, for example, water, or a mixture of water with an
organic solvent such as ethanol, as long as this solvent is able to dissolve
the solid components, in particular of the composition in the specified
amounts. Typically, the solvent is 10 deionised, single or double distilled
or micro-filtered water the purity of Which is acceptable for pharmaceutical

applications. The fluid composition so prepared can be treated further, for
exanBR33), hdagsi& ftsiRnoiadhangrratisaeBrGlossyHipnaiessyre for

thBagRip At sampieftadreters drsplivsRlRhraAGEHiRRAFRHIBRIREMR a

the preparation of the composition of 15 the invention is sterile Water for
CORJBeRBIP WA IYRR dyesitien KoRRe Ritel CSTARA ¢thatn(disieR @igmtients

hd0hglctas Bty srtiamentukine midsHIREE IB¥dBeargched Figures and the

following non-limiting Examples. [0032] Figure 1 shows the change in the

intrad A8 preEQiHESD ShBWSrHip B aots e cospRSiHE TPiipRaiRvention

(A ISO0CRRAGND 1aBtHYRISIA RiniBR ROMBAARIYIOK the INNRREPNCa and
(closed squares, containing 500 mmol/l lactate, 9.4 mmol/l Cl, 4 mmol/l

500 nmaihbia. EReR FEBIEPhABIINR Y RIMPHRSRISASSHIE SMBPpdtigntA),
Hekse ﬁﬁi@ziﬂmfm@é@@iEgﬂmmwhpigr%m?iﬂ@tm@dviﬂam@(m, Fig. 5C),

conventional mannitol therapy (open squares). 25 [0033] Figure 2 shows

anfe NRVIITRBIG! tNRBFIRS of ESiSiARRs EdeXingPibth brdsh trabhawhen

adhihiielseaied Wibup AMPOTEeR HktAfeinYaRIIan BuEGSAPRERPEIRE® the
g (g{gup of 12 patients having received treatment with mannitol. [0034

Diiratien Rk MRS SIGE RSHOBSMBRIAES! 1RARIOY Blnef O3t tﬂg].patients

thehangedprierisemaieriigiidigdiand the hemoglobine (Hb) concentration
in the blood for the treatment with a composition of the invention (open

bars) A barddi ey i S MW TBRLHeGh RtdhLamrABiigssadBUrsfeiad to
thE)a39] Fagieia < sevsatamenangef 6arely PReibikaen PeReiEe Résistance

Index (PVRI) compared to the effect of the administration of Ringer's lactate.

[0038] Figure 7 shows the effect of the composition administered to
the 110 patients after cardiac surgery on the capillary pulmonary wedge
pressure compared to the effect of the administration of Ringer's lactate (open
squares).

[0039] Figure 8 shows the total volume of the hypertonic lactate
composition of the invention (closed bars), infused to the 110 patients
compared to the total volume of infusion of Ringer's lactate (open bars) as
well as the urine output (Fig. 8A), the fluid balance (Fig. 8C) of the 110
patients in each of the two groups, whereas Figure 8D, E and F show the
hemoglobine (Hb) content (Fig. 8D), the lactate blood concentration (Fig. 8E)
and the sodium concentration (Fig. 8F) in the course of the infusion for the
composition used in this study of post operative patients (open circles)
compared to Ringer's lactate (open squares). Figure 8G shows the change in
chloride blood concentration in mmol/L (before and after infusion) in two
groups of each 40 patients receiving an infusion either of a sodium lactate
containing composition of the invention (2.5 mmol/kg body weight over 15
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the group of 12 patients suffering from brain trauma that are treated with a

composition of the invention (open bars) compared to a group of patients

having received treatment with mannitol (closed bars). 5 [0036] Figure 5

shows the effects of a composition of the invention (containing 500

mmol/I lactate, 9.4 mmol/lI Cl, 4 mmol/l K, 2.7 mmol/l Ca and 500 mmol/I

Na, open circles) on the Mean Arteri&l Pressure (MAP, Fig. 5A), Heart

Rate (HR in beats per minute, Fig. 5B), the Cardiac Index (Cl, Fig. 5C),
Mihdape Spsienhavhsella Feslitancehidisle (SPRIRIRIGISISPWRBAITON (2.5
mABTIRYBBRARiBISrBYBOfs AiRAENES AR Sargliac surgery compared to

the adminiStration of Ringer's lactate (open squares) to a control group of
patic 940kt afclg¢smBriseava ot @sQ?OW?ﬁg(ﬁefBMthsPﬁﬁ@s'on

msﬂﬁ%pfdib%@&ga@r%m adMipisiErete ﬁ?@délq&aﬁ?éﬁérﬁféerigaé%éd rat

surgery on the onary Vascular Resistance 15 Index (PVR

heafigpHBdRE iR RIesstiBeriamiRlstRRbn HiRifger dhectinstpligapiessure
(Fid99Es) ashans Harlfae phdarscosnariting admpurkiad KerihgiddMedium

patients after cardiac surgery on the capillary pulmonary wedge pressure
[cepHplhra i e T GlEGRARIARE At HIRiRGEREiaGE (open

squares). 20 [0039] Figure 8 shows the total volume of the hypertonic
lactate composition_of the invention (closed bars), infused to the 110
@ample 1. Rreparationof a.pharmaceutical compaosition s actate (open
bars)ag4wp!l asgheivdneLenetkigesBioh having! hrlapeadértrohs! 500
the 110 patients in each of the two gﬁzl@s, whereas Figure 8D, E and F

maiyl tRetaten e ehloyiEsHtER: (IR PRIASSIHE® Hied- 7 mmol/L
cAeneRNTaloaH& g0 8Eanandl the GaehumERnerisRiesUtdnSin BsH6larity of

course of the infusion for the compasition used in this study of post ,
1R MR bARIE RIFRATERIERY LiRgased TRinG IR SRl gshe weight

%SPUBEER). F B BOsYsghrFhROyedID. 8H ki igarelogda argenttipiettion
mmol/L (before and after infusion) in two 30 groups of each 40 patients
agdelAWSy an infusion either of a sodium lactate containing composition of

the imoeamqn (4Barkgolke/ardviavaigeetyaTake filled into a sterilized mixing
tank at a temperature of 30 to 40 °C. Then, 103.6 kg of the calcium chloride,

ﬂ-o—‘n1 .l :

56.2 kg of the lactate solution and 150 kg potassium chloride are continuously
added under stirring. After the addition of the ingredients is completed, mixing
is continued for another 45 minutes at 38 °C. Then, the remaining 56.60 kg
water of injection were added in order to yield the composition having the
above-mentioned concentrations.

Example 2: Treatment of increased intracranial pressure caused by

brain trauma

[0043] In this study, the pharmaceutical composition as prepared in
Example 1 (containing 500 mmol/L lactate, 9.4 mmol/L chloride (Cl), 4 mmol/L
potassium (K), 2.7 mmol/L calcium (Ca), and 500 mmol/L sodium (Na) was
used for the treatment of patients suffering from brain injury (brain trauma). In
this study, patients whose demographic data is shown in Table 1 suffering
from an severe head injury (with a Glasgow Coma Score (GCS) < 9 or an
abnormal cerebral computer tomography (CT) scan) were included and were
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12 minutes; open bars) or a sodium chloride containing composition (2.5
mmol/kg body weight over 15 minutes, closed bars). [0040] Figure 9
shows the effect of lactate (5 mM in perfusion medium, closed squares) in
an in vitro model for ischemia (perfused rat 5 hearts) on the rate pressure
product (RRP, Fig. 9A), the diastolic pressure (Fig. 9B) and the heart rate
(beats per minute) compared to perfision medium [control] containing 5.5
mM glucose and a 0.2 mM hexanoic acid. Example 1: Preparation of a

eifiEmireaiadcariddmpesifbr Ve Trtigrss IRpsBISIEempesitdnaeaxMagtional
mEHhRBNEBRHBICRD )ng%é&%@{awe@-éﬂw%&hw gd&llediICP) of <

mmol/L potassium (K), 2.7 mmol/L calcium (Ca), and 500 mmol/L sodium
2QNa) (MhicMieSuIBsGANSICSsRDIRrRE dFer g aiRnEIL)) wWiedk e jaarPRBnihe

oL RRAUSR e riatn FON P HaORIAREI Yhds CRimlmis e fddQittiseds to a
pure), KCI (99.85 % pure) and water for injection 15 as follows: [0042]

9"y K BRUhIsEIR iRRIAIS aRdtied! o esianRasH RIS AR AtiRUtes. If
thETSIGHY &1 & 1h G 4set@N 3803 epobENairRicH BRI BiftorS than 5

kg of the lactate solution and 150 kg potassium chloride are continuously

MEHaY hRidreifmRgisanerenexsaanefbrirRamge: Hidnroniteb rpaitagnt of a
pdhbriRofgikig, condingsaldar 2BEHNRE S SaminktEsiGh 38fCthENe&onic lactate

remaining 56.60 kg water of injection were added in order to yield the
SQlHPBLRREC PEAARG R thBRR SINRIHIRIh N EorEB MPESBNS. Example 2:

Treatment of increased intracranial pressure caused by 25 brain trauma

[0043] In this study, the@%harmaceutical composition as prepared in

Exanl#8l€ {cAIRTIAHGRUE ARBITNSAREE 56 rohdiRatefoPRIEE(Es), 4

mmol/Lpotassium (K), Pgfotg ol Lelfddm (Caragroelp mm@dieePdiunith

(Na) was used for the treatment of patients sufferi
(brain trauma). In 30 this8&HYYatients whose de

ng from brain injury

hRAPCIaRIaLe

a@%@)Table 1 SUTTGI’I% T._FQ{TI an severe head Iﬂjgg{d\bjlm@. Glasgow
Coma Scaore (GCS) 5 9lar an

gravity score (IGS Il) 43.8+3.6 48.7 +2.6
GCS 54+0.5 52+0.5
CT scan (TDB) 3+0.2 52+0.5
ICH episodes 25 26

GCS = Glasgow coma scale, ICH = Intracranial Hypertension The
results of this study, in which 12 patients were either treated with mannitol or
the hypertonic lactate solution of the invention, are shown in Figures 1 to 4 as
well as in Tables 2 to 5.

Table 2: Results of treatment

group treated with | group treated with
mannitol, n= 11 hypertonic lactate, n=13

number of survival 7 out of 11 12 out of 13

number of cross over 4 out of 11 6 out of 13

number of successful |14 out of 25 19 out of 26

treatment (all

treatments)

number of successful |5 out of 11 11 out of 13

treatment  (only first
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abnormal cerebral computer tomography (CT) scan) were included and
were 13 either treated with the above-mentioned composition or a
conventional mannitol solution (20 % wi/v) if they showed an intracranial
pressure (ICP) of 5 20 mm Hg (which is considered to be
life-threatening). For this purpose, the composition of the invention or the
mannitol was administered (infusedj foas group of each twelve patients

tregéreeiidd to 30 mm Hg lor failed to drop by more than 5 mm Hg, the

treatments were exchanged, meaning if mannitol treatment of a patient

TARIED. g RALATLI BTENGT A

accordance with the inv

SIP efspeRBRIaRS Al eluen i

antlongﬁd vice versa. 10 Table 1: demographic

with mannitol hypertoni

data (means sem.) of tregiRéPpatidregig@up treiledr@ith grolipaiested with

c@iatohde@ears) 35 4

3y ped@iglavigiecorL6

|GG S mya 3. BIg3. 6 g qreg

8123854 055.2 0.5 (3’3’1&&!112(-’5DB) 3 0.2
tréamers ICH episodes 25 26 GCS = Glasgow coma scale, ICH =

IGRtradramial Hig)ertadisio
treadnecsither treated with

rebhetréstilts of this study

mannitol or 15 the hypertonic lactate solution of

29 \Rnich 97 patients

CiH ifuemtiodgardostionen 67 Bigu2es 1 to 4 as well
traaihler®t) Results of treatment group treated with gr

A85B8HaBl8s 2 to 5.
pup treated with

CRRannjtomn=Hg)hypédteo

niSlacta?®e4 n=13 number off&BivVAIF out of 11 12
treatnudrit3 number of cross over 4 out of 11 6 out of

13 number of

successful 14 out of 25

19 out of 26

**p <0.01 (paired T-test, comparison within the same group before and after

treatment)
Table 4:
group treated with | group treated with
mannitol, n= 25 hypertonic lactate, n=26
Osmotic Pressure | 299 + 2.6 2985+1.6
(mosm/kg) before
treatment
Osmotic Pressure | 302 + 2.5** 300.0 £ 1.9**
(mosm/kg) after
treatment
Arterial Hte (%) before|32.7 £1.1 32.0+0.9
treatment
Arterial Hte (%) after|31.6£1.1* 31.0+£0.9
treatment
Table 5
group treated with | group treated with
mannitol, n= 25 hypertonic lactate, n=26
before after before after
pH arterial 7.39+£0.02 |7.39+0.02 |7.38+0.02 |7.42+0.01**
pH venous 7.34+ 0.01 7.34+0.01 |7.33£0.01 |7.37+0.01**
total CO, (mm Hg)|21.5+0.6 [21.6+0.6 [23.2+0.6 [24.0+0.7%
arterial
total CO, (mm Hg)|[22.9£0.7 22.5+ 0.8 245+0.7 [25.8£0.7*
arterial
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treatment (all treatments) number of successful 5 out of 11 11 out of 13
treatment (only first 14 treatment) Table 3: Intracranial Pressure (ICP)
and CPP before and after treatment group treated with group treated with
mannitol, n= 25 hypertonic lactate, n=26 ICP (mm Hg) before 31 1.8 31.9
2.5 treatment ICP (mm Hg) after 25.7 1.7" 25.2 1.9" treatment CPP
atment) CPP (mm Hg) after 73.2

(mm Hg) before 67.6

2.4 72.3 2.3 treatment** p 5 0.01 (paired T-test

2.265.8 2.3

comparison

within the

Oganf@italiphefoiehPaitep -8 treatRfoft G&ble

arteeab treated with

annitol, n= 25

hypertonic la

rtate, n=26 QG

P&RsuP-Feal

P03

smotic

Opressiveation 2.6759

vepigsure 302 2.5** 3

g5.2t-d @nosn
00.0 1.9" (m(

kgppetore

sm/kqg) after

tré4thiehtOsn

hofie+ 1.6™

treatment A

erial Hte

(%) before 32.7 1.1 32.0 0.9 treatment
**p < 0.01 (paired T-test, comparison within the same group before and after

treatment); * p <

0.01 (paired T-test, comparison within the same group
before and after treatment)
[0045]

M lactate solution of the present invention (which is exemplarily used to show

As illustrated in Fig. 1 administration of mannitol and the 0.5

the efficacy of a hypertonic lactate solution containing 250 mmol/l to 2400
mmol/l lactate or lactic acid) resulted in a decrease of about 20 % in the
intracranial pressure within the first 30 minutes after the treatment. However,
whereas mannitol showed the typical known rebound effect, meaning that the
ICP steadily increased within the next 3.5 hours after the treatment to about
90 % of the initial untreated ICP, the ICP further decreased to the surprise of
the inventors after the initial 30 minutes after the administration of the
hypertonic lactate solution, thus showing that treatment with the hypertonic
lactate solution has a prolonged effect. Likewise, as shown in Figure 4,
administration of the lactate solution according to the invention lead to a
greater change in the cerebral perfusion pressure (Fig. 4, see also Table 3)
[0046]
solution in decreasing the ICP found here provides the further significant

This prolonged and increased efficacy of the 0.5 M lactate

advantage. Namely, it is thus possible to even apply a second dose of 0.5 M
lactate solution without any complications to further decrease the ICP and
thus to continue the treatment — something that is hardly possible with the
standard mannitol treatment. In accordance with the superior behaviour in
decreasing the ICP, 11 from the 12 patients that were treated with the 0.5 M
sodium lactate solution in accordance with the invention survived the brain
trauma, whereas only 7 patients could be rescued by the conventional
mannitol treatment (Figure 2, Table 2). Figure 3 and Table 4 show that the
use of such a hypertonic lactate solution has further advantages compared to
the mannitol treatment. Whereas the osmolarity of the blood changed by more
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Arterial Hte (%) after 31.6 1.1 31.0 0.9 treatment lo Table 5 group

treated with group treated with mannitol, n= 25 hypertonic lactate, n=26

before after before after pH arterial 7.39 0.02 7.39 0.02 7.38 0.02 7.42

0.01" pH venous 7.34 0.01 7.34 0.01 7.33 0.01 7.37 0.01 " total CO2

(mm Hg) 21.5 0.6 21.6 0.6 23.2 0.6 24.0 0.7" arterial total CO2 (mm Hg)

22.90.7 22.50.8 24.5 0.7 25.8 0.7* arterial 15 02 saturation (%) 99.3

08994069890399003 arterial 02 saturation (%) 75.2 1.6 77.5 1.3"
than 3 Yeda 2 yalu ajeneiss thap 5 010% @agda thecaprbicaiianisbn@itAgnNitol,

thg‘éﬁmﬁrﬁwgﬂﬁéfﬂ%ﬁ%éﬁﬁéd@?‘aﬂﬁﬂ@ 514.Ria 18K BN ﬁ%‘tlon of

comparison within the same ‘%l[oup before and after treatment) 5 [0045

thasamarassaaiRty of finin HQW%WHHWOAHM@UQGWW@ Itis
nSRUHRIIOTRAE eI HIVBRHAR 4 VMG . SYpIBYEY HSesb lrRBRVHEWRever,

efficacy of a hypertonic lactate Solution containing 250 mmol/l to 2400

then Fﬁ!ﬂﬁ!‘(ﬁ(ﬁﬂf@r&”%ﬁ% abryraQuitid ithe seanaesbreAneRRSIderSHh figan the
inBYEasEAalIRERPSHE WHRHItEIP fgs%?&wmﬂélﬁﬁsmft?%m&}@@tﬁke%e smaller

However, 10 whereas mannitol showed the typical known rebound effect,

ingreaRm N HRETIRAIHD WhekiNsiRcrdAscRGiRIRNnSPb iRk & sheodmyantion still
reIBtH ARARIICY RigPielr 8cYeR5ER itHEAIGIIrERIS ¢ AR R dBKEEkAtA®m the

decreased to the surprise of the inventors after the initial 30 minutes after

deirradaliesrafidheMamaigpaitfedabemogibing, RlvesnbwirgUuia and
TaatmentauticdissvPRIéeBivalues of more than 3 % to 97 % of the original

values for the mannitol treatment indicates a rather significant dilution of the
blood due to the mannitol infusion. In contrast to that, and despite the
improved effectiveness, the application of the same volume of the 0.5 M
sodium lactate only resulted in a decrease in the hematocrite and
hemoglobine level to about 98.5 %. This means that hypertonic lactate such
as a 0.5 M solution (or any other concentration in the range of 250 to 2000
mM as specified herein) has no such dilution effect and more importantly, that
less infusion fluid needs to administered. This in turn means that the side
effects due to the additional fluid uptake to the patient who is already severely
affected and weakened by the traumatic brain injury, are significantly lower.
This in turn is also associated with a much lower risks of (further) brain edema
caused by the treatment.

[0047] Without wishing to be bound by theory, the inventors believe
that the advantages of lactate are due to a different mode of action compared
to mannitol. Mannitol cannot enter the affected brain cells and does not get
metabolised. Thus, mannitol exerts its effect exclusively by an osmotic effect,
meaning, as long as the osmotic pressure in the blood stream-extracellular
compartment is higher than the ICP, water will flow from the intracellular
compartment into the extracellular compartment and thus into the blood
stream-extracellular compartment due to the osmotic pressure difference.
When mannitol is removed from the blood stream through the urine, the

osmotic pressure difference gets smaller, causing an reflux of water back into
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15 lactate solution has a prolonged effect. Likewise, as shown in Figure 4,
administration of the lactate solution according to the invention lead to a
greater change in the cerebral perfusion pressure (Fig. 4, see also Table
3) [0046] This prolonged and increased efficacy of the 0.5 M lactate
solution in decreasing the ICP found here provides the further significant
20 advantage. Namely, it is thus poégible to even apply a second dose of
0.5 M lactate solution without any complications to further decrease the

theceelivar sRRIRGEBIRIHRNhEwe dhadmaves rebai rEer Harthisgespee. it
is"&igbtﬁ%t&eﬂ%@rﬂﬁ@{ﬂrﬂgﬂi gfg%tmﬁﬂé- PIALREIANRS ¥HER HeersER_HEbN why

behaviour in decreasing CP, 11 from the 12 patients that were .
MaRRHeY Gath Hie1dly NS ReRdmiRIsiaedINRoHMea bRt differerce in
thEIVEEH A SUPHSKLIFRE HraiRe BIYHA WRET 8RS WM RRUSNEHEMF B each

rescued by the conventional mannitol treatment (Figure 2, Table 2).

amnlicREak FaBiEs!siotlithalddnyieBiars eV RyhatdariaiR tirdaken up

arkP HIQBEIR A BT A6y ARItBERS KATPEERELIAITh ScBIRNMHEIUERY M8 the brain
Whereas the osmolarity of the blood chanf%%d by more 16 than 1 % to a

braifuecderiiiaithiie 1oeloalrid b fUED AP RRREGARARItGIOWRYer, only
theSIRSlaEY-¢f dhei 9l ppsabanaas (R ordautieoiotHe AmIpsIEapahay

the same osmolarity of the 1 M lactate sodium solution of the invention. It

arg GRIRRNMEIRXAG: Al VRt cHAIRIE IR B RIPRINR G HE IR Such as
sddfe YemaieiRelnd exthEiesrare AlRNAHIGRSP B HnrhRNeR EWbRBuLtrality,

considered from the increase caused by mannitol) is significant, in .
Charfsuig ERNSROERA 100 sHReE AN MVESRR i ViR NUSRE iWa T sRake- This
ey ipAS S RBR Ve BT Bl Te 1 paBHED (Jib ¢ g ardBiihatitd the

This can also be seen from the determination of the hematocrite and

eTiReh g AT FaRee! IHe-RRIeCT HRHCTAfIRS QT4 NAUGIAL & LAk s amount

ofvajygriff-raetatéhaingd Yedeiid m%ermbiirorigipalmmbiagfosthewariitig 15
treatment indicates a rather significant dilution of the blood due to the .

MifdiGstol IRRISISE. IR CEHRFRS (EARSEUIRIBR B P!RAFrNRR larger in the
sffeativanssde G apris Airnprte ivasaaivieiing sethe dwe Mér sasiienwas a
si&%%taen?rr]ilger?r? lélh?griigeac%%%reer%{?gtiigrgha?‘tgﬁrsnoactlioucrﬂt?agpaotle as well indicating
the chloride was driven from intracellular to extracellular fluid since in the case
of sodium-lactate no chloride was infused. Thus, when applying a hypertonic
lactate composition of the invention, the loss of cellular water is due to a loss
of the cellular osmolarity. Hence, there will be no rebound effect and
accordingly, this also provides for the possibility to give a second dose of
lactate. Finally, it is noted that the consumption of the lactate anion and the
increase of the sodium concentration in the body in addition is useful in

preventing an acidosis.

Example 3: Post-operative treatment of patients after cardiac surgery

[0048] The composition used in Example 1 was also employed for
the resuscitation of post-operative patients that underwent elective coronary
artery bypass grafting (CABD). 110 individuals were included in this study and
the effectiveness of the composition was compared with the one of Ringer's

lactate composition (130 mmol/l Na*, 5.4 mmol/l K*, 1.85 mmol/l Ca?*, 27
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15 hemoglobine level to about 98.5 %. This means that hypertonic lactate
such as a 0.5 M solution (or any other concentration in the range of 250
to 2000 mM as specified herein) has no such dilution effect and more
importantly, that less infusion fluid needs to administered. This in turn
means that the side effects due to the additional fluid uptake to the
patient who is already severely 20 difected and weakened by the
traumatic brain injury, are significantly lower. This in turn is also

mpdcigeairiBndmlbh Bwellks HifusienevasaiRastmadcdasainyours,
witedneateol0RA71 W ithrut Miskeo tRike Wagmﬂéwaﬁéaybshetw?%@aﬁ;m

believe that the advantages of lactate are due to a different mode o
PeIEfORRLAMSArdBab S RAM ARG MERRSEECENAGY e fRIIRE PRRUSISRARUrE

(COPHS, A HRLFRLOSHABIARRIRGY- JABIRaaENge Preids e e(iBEWP) were

exclusively by an osmotic effect, meaning, as long as the osmotic
majiines iatAP IS EMERPA- ¥Rtk eellular compartment is higher than the

ICP, poaigo)vill e rRioRmiIrasalivdar earBPSBReReNNta B8 this  study.
extracellular compartment and thus into the blood 30 stream-extracellular

MegsisamaBhljEoMeR BsARtsiah RIGSHY BifeVBnEY) WHbehiasnherps rate
(oEarOVSSH friofR dRe bipgdrdtersidhrosgh EgnfiesnthaifRsEIRIC BEIRRER the

difference gets smaller, causing an reflux of water back into 17 the

INgetiarrdt o arvRerpait | aaiatth S UHERM RiSEntRaREeN s Geayeetiapal
Riiﬁ(h}'ﬁﬁg neipfdh@dRUmshUTRYIBA AhHiSBY erRR EeRE e 47dia MRRRIN(CI),

Wﬁé mannitol can usually ogg be administered two times since the

WhiER IS et ENEsABAE M AL RIRCE: RYENRBS Y ehBeFHinRGE S ipkifePer
mBleeaciugrardlisiiRNsinfaeatBeiaiis sihRiflReemp s felievierieat ipstate M

is taken up. and metabolised by any mitochondria-containing cells,

lagigigasi Ul ARe WRSin iSRACETIOWmIR the MistBBOBRMROIFEaHE tR¥StemiC

vaRplisatipssisianey e SYRY) thhskates ariomisdaetarriiredbfthessistance or
end-product of the metabolic pathway are carbon dioxide and water),

ImRREIIRIHRS TBERASIFIG YARSUGH BREHALIRPddIRtmYamdRR frfsdl within
thexteaediuytar Beidnfosisder RRseiesDLleTHgNeHEalsy, ©lRlPrideuSon of the
cJFr?SS‘ i%g%doﬁ‘ot%%tpr?\/revxittigﬁlv g(t)eersorl#ct)toggllf Iieneg[:la%c? I;ugert? rageer'f;)rrhrksance of the
heart, and thus to a stabilization of the patient, but also results in a decrease
in the resistance of the blood flow, and to an overall positive synergistic effect
in the post-operative treatment. Furthermore, as illustrated in Figure 6, the
infusion of the hypertonic solution of the invention also yields in a significantly
lower pulmonary vascular resistance as evident from the pulmonary vascular
resistance index (PVRI, a measurement of resistance or the impediment of
the pulmonary vascular bed to blood flow), which renders the composition of
the invention to be a very suitable means for the resuscitation and treatment
of patients suffering from conditions such as acute (or adult) respiratory
distress syndrome (ARDS), acute lung injury (ALI), interstitial lung disease
(ILD) or severe acute respiratory syndrome (SARS). In addition, the filling
ofthe patients was assessed by monitoring the Capillary Pulmonary Wedge
Pressure (CPWP). As shown in Figure 7, the CPWP was identical in both
patient groups during the infusion of the respective solution, indicating the
same efficiency of patient's filling.
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effect was shown in two groups of 40 patients (see Fig 8G) investigating
the effect on plasma chloride concentration after of infusion of equimolar
amount of sodium-lactate and sodium-chloride (2.5 mmol/kg of BW during
15 15 minutes). The rise in chloride concentration in the blood was larger
in the sodium-chloride group as compared to sodium-lactate. However,
there was a significant rise in chloridé concentration after sodium-lactate
as well indicating the chloride was driven from intracellular to extracellular

fluid §3080 thEigrER Silksiiatasderhenadrioiaaend iftaseempagion of
thWRARARBLY EShbaYEE HO Mg iR BRI MRRSIHEY 9&%&%@&9& viftfin the

loss of cellular water is due t0 a loss of the cellular osmolarity. Hence,

firg{dré DA Seaiierdbe iR d et ogRy e EBidrRIN ViRIB RIS (oRiHe 2Rl fHB for
thBOESIRIBLIRP V2t RECRIVE SIASS @b Fnalhpat t%lnefeﬁméltgelactate

consumEtmn of the lactate anion and the increase of the sodium

NRRARENFAGBIFInSASL HHBRGRASIdMForH NG SUIRHT 28 pliageRBHGMUA IS almost
id8Rtiediviapnle $800ShPRAEHIYS FRATReRiqiRaEB)alter GHERfuence,

surgery [0048] The composition used in Example 1 was also employed

thﬁﬁ'Ltweh%@@@taﬁ.aﬁgﬁtw@st%a@%ﬁwwﬁmé@%ﬁe&mhtt@@&mﬂomc
|aERIRN3DILAR ATEIYHY PRASHIGHL 18 ¢ (raBEY) 1iMibklividiaals waie thelvded of

in this study and the effectiveness of the composmon was compared with

depelepip P raepRer thahQatk iRopb SRBRE LI03AYBTWIStia fameyaiple, is
si@rfcENDY !/t erioed! Wléngl@ﬂéﬁsﬁ%ﬁ and édmpysiabalotnfHeiqRvEAtoN is
er

performed for six hours ein the volume of the infused fluid was

Padisuiady BY\ABIARRALS SHsedRAMIGRA YA ATBEVahERE Rrdiud fsuch as
RIAGAPS. RRAR) VRN pEgUIESSHIRING ¥Thgeaydiacringtaandrelipaaiatd mean

caplllary wedg ressure (PCWP) were 5 maintained at a predetermined

R A Do e Al e e o ARG RS er SUrgery.

quaéUé@mgahnfdh%mw.aﬁ@:ﬁv@é@réééurﬂdﬂm|lquimdac§ethﬂél%réﬁ¢ée(or
(beats per minute) did not reveal any S|gn|f|cant difference between the

thfﬁfﬂ%ﬁ)ﬁ ofeve! H%t@ﬁ%%&% SHifEnseMRelimRARGs &ige not decrease
theamaedgnalmic state of the patient.

[0051] In order to determine the fluid flow within the body, the
hemoglobine content in the blood was determined. As illustrated in Figure 8D,
the hemoglobine content decreases in the course of the infusion of the
hypertonic lactate composition of the invention, whereas it remains constant in
the case of administration of Ringer's lactate. Since the bleeding state and the
blood transfusion did not differ in the two groups of patients, this mild dilution
effect during the infusion of the lactate composition results from the transfer of
fluid from the surrounding tissue to the blood stream. In this respect, it is
noted that as shown in Figure 8E, the lactate concentration in the blood (blood
lactate level) was higher in the group receiving the hypertonic lactate
composition of the invention only during the first six hours of post operative
treatment, i.e. only during infusion of the lactate composition. Furthermore, as
shown in Figure 8F, the sodium concentration in the blood was within the
normal concentration range when the lactate composition of the invention was
infused. In contrast to that, administration of Ringer's lactate composition was
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10 Ringer's lactate (see Figures 5A and 5B). However, the Cardiac Index
(CI), which measures the amount of blood pumped by the heart, per
minute, per meter square of body surface area was significantly higher,
when the 0.5 M lactate solution was infused (Figure 5C). At the same
time the systemic vascular resistance (SVRI), which is a measurement of
resistance or 15 impediment of the §95temic vascular bed to blood flow,

was decreased within the 6 hours of infusion (Figure 5D). This means,
aspREiArRGioM br the SediHBbSMRRLIAPRAADERLIER dbas et balgwedhao rormal
pRiSbBRAPEDARSRtRIHHR. heart, and thus to a stabilization of the patient,

but also results in a decrease in the resistance of the blood flow, and to

an overall positive synergistic effect 20 in the post-operative treatment.

Efmpwn@rsuﬁaﬂluwetﬂé&iﬁ@%? fhéheeHitineial oF fSeHadmgstonic
|

solution of the Invention also yields In a signitficantly lower pulmonary

vascl®5ekistdncoreevigerfgisrMtAg pifhotlaiipRitibeurlr lreirtander the
tréRAeR AP ¥RECAMEARYQIBR TH LT JERETIARGR S8 MR I PRDeSIREY Phttharts were

pulmonary vascular bed to blood flow), which renders the composition of

PIEGRI;RIERIoN I bREATVEI s UMEBIE &l Rge P BINMcIRGSHEaRrE With a
peFRAIBEhedinatieasnsbifeshitdiAmE ONsliHNSos Udkan GeUR P LAEUE)S mM

respiratory distress syndrome (AR Si, acute lung injury (ALI), interstitial
gIlRs eIt 26E[Aanrsr Wihdhe Rigiosel ips@ipad iy SraenispAsst @, J Mol

cavditiemotheotiingsofthenatigpts was assessed by monitoring the
Capillaa/ﬁgulmonary Wedge 30 Pressure (CPWP). As shown in Figure 7,

: ) . :
the dBIPBlvaNAGHEREF R BALE YR Ipdierifg RRHRSRISEPEtion
of fPesiiMe SR Dt i iNgeSREIRAlligieper ipatishe ilktaid Bver a
[0050] Figure 8 illustrates further advantages of the composition of the
p?H@&ﬂBﬁi&H{B&Pe%rﬁﬁﬁ&é&ﬁaﬂ%ﬂé&?ﬁ@%&i‘cﬂwtﬂﬂ RIRIGSGGriHiGrease
ofthRefireid 2oreyss Ritgr RO AFigUrgeoAls alaniisaniesmaties (Abigure 9C)
1200 ml) for the composition of the invention compared to 2000 ml o

. f .
CORingerd I8 LABEAL TRIIFEENS Wit re2RWRe [0rif o HPut Bifliastolic
preaianss isighimesahtiderdisaloaibabopgba8GRidiGftelol 2 theurmadrigeres8Bion

As a consequence, , ,
compared to the control, showing that the decompression of the heart greatly

improves by the administration of the lactate solution, thereby preventing or
reversing the formation of "stone heart". Accordingly, these data show that the
hypertonic lactate solution described here can be advantageously used for the
treatment of ischemic reperfusion injury, myocardial ischemia, or any other

form of cardiac dysfunction, for example.
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the fluid balance is negative for the patients being infused with the
hypertonic lactate solution of the invention (Figure 8C), which means that
the risks of developing edema that can in turn cause organ dysfunction,
for example, is 10 significantly reduced. This property of the composition
of the invention is particularly advantageous since traditionally a large
volume of fluid (such as Ringer's Ia%late) Is required during surgery to
maintain the patients mean arterial pressure (MAP) so that patient are
Ao miditd b¥er surgery. So, the composition of the invention
does not only decrease the edema (or 15 the risk of developing edema)

but at the same time does also not decrease the hemodynamic state of

te patient} [081REEHIKRICOSTORRI HEHOMANTRA wthie tREHb A lmples
hemoglobigerqpatesit iActie RRPEMAS SRICHRIN Ao/ FOIF R DRI of
8D, the hemoglobine content decreases in the course of the infusion of

the 20 hype?i8aRUdktate composition of the invention, whereas it remains
constant in the case of administration of Ringer's lactate. Since the

bleeding state and the blood transfusion did not differ in the two groups of

0 . Y| ,
patients, tHiBenfaBRGEHH R El@ing tNe RIRISIJADfGABGEBEEREON of lactic
compositigigonligdta f@‘ﬂltfﬁéf‘r@rﬁg}f e dr ey mfﬂ‘i}%ﬁg%%fﬁ?@r.
to the blood stream. In this respect, it'is 25 noted that as shown in Figure
8E, the lactate concentration in the blood (blood lactate level) was higher
ip the grouphieceiviRBSRHRYBEIEXAIR laciEie CIRBRSIHONST dBAdBVERHRA of
only during the first six hours of post operative treatment, i.e. only during
infusion 01?%9@qa%?&i‘eoédﬁ?ﬁ%@ti'édnﬁﬁﬁﬁé?ﬂ@r@f L0GiRA0R B lipeots per
the sodiunfigpncentration in the blood was within the 30 normal
concentration range when the lactate composition of the invention was
infused. In contrast to that, administration of Ringer's lactate composition
was 20 asgesiatrinpiRiadgiPdipim Aigodgionganiation that is beheiéian  the
normal physiological concentration. Example 4; Suitability of lactate for
the treatmEAPEFEERRRIQIS 3688 ZCIH Srdartdiadtet RN RRieSRRY 16eT-

lactate for the

5. The composition of any of claims 1 to 4, wherein sodium (Na) is
used as counter-ion for the lactate.

6. The composition of any of claims 1 to 5, wherein the potassium
concentration is in the range of 2.5 to 6 millimoles per liter.

7. The composition of any of claims 1 to 6, further comprising 2 to 5

millimoles per liter of calcium.

8. The composition of claim 7, wherein the calcium concentration is
in the range of 2.5 to 4 millimoles per liter.

9. The composition of any of claims 6 to 8, wherein chloride (Cl) is

present as counter-ion for the potassium and the calcium.
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treatment of conditions such as ischemia-reperfusion, isolated rat harts
were perfused either with perfusion medium containing 5 mM lactate or
with a perfusion medium (control) containing 0.2 mM of hexanoic acid
and 5.5 mM glucose in accordance with the protocol described by Gamier
A. etal., J Mol 10 Cell Cardiol 1996, 28, 1671-1682. [0053] As can be
seen from Figure 9, after 40 minute$%f separation of the rat hearts (in
order to simulate ischemia), perfusion of the lactate over a period of 40
mutes reElReBOMBCSHiRNcahBMigiflaiBsprolthGedThereizdastatte is L-
rate pressyygrpioduct (Figure 9A) and the heart rate (Figure 9C) 15
compared to the control. Furthermore, as shown in Fig. 9B, the diastolic
pressure significantly decreased upon infusion of the lactate solution

prafedm%ﬁ@&@{ioﬁhewa?% be¢imeacmersiersi the Bsafbosition

greatly improves by the administration of the lactate solution, thereby
preventind DRANARALS thRliRRation of "stone heart". Accordingly, these
data show that the 20 hypertonic lactate solution described here can be
advantageously used for the treatment of ischemic reperfusion injury,

myocardial RRN&GABPOFIHRY ofer 3BYm BF cEHIAS dysfulttid®, fdlaving  the
example. 25nA8RAIHSNSLAIMED IS: 1. A pharmaceutical composition
containing 250 to 2400 millimoles S}oer liter of lactic acid or lactate, and 2

to 10 milliniBRY wélimelesiPsJiridaeifie?. The composition of claim 1,

wherein tk@_@%mqag@gogé?ﬂig;}ttg}“@ﬁigé)((tﬁgtate IS in the range of 500 to
1500 millimoles, per liter. 10 3. The composition of claim 1 or 2, wherein

the concefrRiEMeIesRAE IHEIPSIASSIHB (K the range of 800 to 1200

millimoles per niitemdicEioEatBPeaidRmP{@ay, ahelaims 1 to 3, wherein
the 15 concentration of lactic acid or lactate i1s 1000 millimoles per liter. 5.

The compdSRBATBIEIRIGS BRIMESRALTIEAin sodium (Na) is

13. The composition of any of the claims 7 to 10, having the
concentrations:
1000 millimoles per liter lactate,
8.9 millimoles per liter chloride (Cl),
3.5 millimoles per liter potassium (K),
2.7 millimoles per liter calcium (Ca), and
1000 millimoles per liter sodium (Na).

14. The composition of any of claims 7 to 10 having the
concentrations:
500 millimoles per liter lactate,
9.4 millimoles per liter chloride (Cl

),
4 millimoles per liter potassium (K),

2.7 millimoles per liter calcium (Ca), and
500 millimoles per liter sodium (Na).

15. The composition of any of claims 7 to 10 having the

concentrations:
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used as counter-ion for the lactate. 20 6. The composition of any of claims
1to 5, wherein the potassium concentration is in the range of 2.5t0 6
millimoles per liter. 7. The composition of any of claims 1 to 6, further
comprising 2 to 5 millimoles per liter of calcium. 25 8. The composition of
claim 7, wherein the calcium concentration is in the range of 2.5 to 4
millimoles per liter. 9. The composiﬂ% of any of claims 6 to 8, wherein
chloride (Cl) is 30 present as counter-ion for the potassium and the
calcium. 2209anifi{elempesiiien lactd§ of claims 1 to 9, wherein lactate is
L- lactate. 4 b g cO@PpeititROERBYiGE ¢@ims 1 to 10, wherein the

composition 5 is an aqueous solution. 12. The composition of any of
claims 7 to3 RORBNMQI eRPLOHEE RPAADHIMUBL millimoles per liter lactate,

10 9.4 millsmpolas pesbehehade Afellint @Himpigs per liter potassium

(K), 2.7 millimoles per liter calcium (Ca), and 1000 millimoles per liter

sodium (NaPO1BiliEnglgs BshiissisefivfaiNeof the claims 7 to 10, having
the concentrations: 1000 millimoles per liter lactate, 8.9 millimoles per
liter chloride (Cl), 3.5 millimoles per liter potassium@(!K), 20 2.7 millimoles

pkB liter caldi8reqQEERPSAN RHEMMNfitiS d8NsSiRer

aHnmIYRBST £omMEsing

compositigth QY| Pfectairetédarbnhmdngt b consisting of a carbohydrate

17.

18.

19.

20.

21.

compound, gelatine, a serum protein and mixtures thereof.

The composition of claim 16, wherein the carbohydrate compound
is dextrose, polydextrose, hydroxyethyl starch, sorbitol, xylitol or a
mixture thereof.

The use of a pharmaceutical composition of any of claims 1 to 17
in the treatment of a disease or condition selected from the group
consisting of cardiovascular diseases, brain disorders, organ
failure, obesity, resuscitation, and acute hemodynamic distress
due to medical and surgery.

The use of claim 18, wherein the brain disorder is selected from
the group consisting of traumatic brain injury, cerebral ischemia or
non-traumatic brain injury, metabolic disorders associated with

brain dysfunction and complications associated with surgery.

The use of claim 19, wherein the traumatic brain injury is closed

or open craniocerebral trauma.

The use of claim 19 or 20, wherein an increased intracranial
pressure caused by the traumatic brain injury is decreased.
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concentrations: 25 500 millimoles per liter lactate, 9.4 millimoles per liter
chloride (Cl), 4 millimoles per liter potassium (K), 2.7 millimoles per liter
calcium (Ca), and 500 millimoles per liter sodium (Na). 30 15. The
composition of any of claims 7 to 10 having the concentrations: 23 500
millimoles per liter lactate, 8.9 millimoles per liter chloride (ClI), 3.5
millimoles per liter potassium (K), 24 millimoles per liter calcium (Ca),
and 5 500 millimoles per liter sodium (Na). 16. The composition of any of
t@@-foregoﬂ@eclﬁ%sqzﬁl?é%d@vp%ﬁéeiﬂnm?nﬂ%é@éi@éﬁ& R@nthaury is
group congisgre of adiglkydlrate compound, gelatine, a serum protein
and mixtures thereof. 10 17. The composition of claim 16, wherein the
carbohydrate compound is dextrose, polydextrose, hydroxyethyl starch,

spgbitol, xyfifl gk GrixiHIs therephereikSinENmEehefid BRyiaradicriated

composition of any of claims 1 to 17 in the treatment of a disease or
condition Y¥iEcRsaSSTHEG RS BERILERY BY PARlYGPIRIEFRseases,
brain disorders, organ failure, obesity, resuscitation, and acute
hemodynamic distress due to medical and surgery. 20 19. The use of

Him 18, RereiserRd BryrcdisEimes it Metbd¥hsieihergispresmaisasged
of traumatig BRI i S6/EET M IRNRBB R prevented.

25. The use of claim 18, wherein the cardiovascular disease is
selected from the group consisting of myocardial ischemia,
cardiac dysfunction, cardiac and vascular complications of
diabetes, acute infarction, ischemic reperfusion injury, and
complications of arteriosclerosis.

26. The use of claim 18, wherein the organ failure is renal failure, liver
failure or heart failure.

27. The use of claim 26, wherein the heart failure causes cardiogenic
shock.
28. The use of claim 27, wherein the acute hemodynamic distress is

caused by polytrauma, post-operative situations, septic shock,
respiratory diseases, or acute respiratory distress syndrome.

29. The use of any of claims 18 to 28, wherein the composition is

administered by infusion or injection.

30. A method of preparing a pharmaceutical composition containing
250 to 2400 millimoles per liter of lactic acid or lactate, and 2 to 10
millimoles per liter of potassium, wherein the method comprises

providing respective amounts of lactic acid or potassium lactate,
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non-traumatic brain injury, metabolic disorders associated with brain
dysfunction and complications associated with surgery. 25 20. The use of
claim 19, wherein the traumatic brain injury is closed or open
craniocerebral trauma. 21. The use of claim 19 or 20, wherein an
increased intracranial 30 pressure caused by the traumatic brain injury is
decreased. 24 22. The use of clain?29, wherein the non-traumatic brain
injury is stroke or cold-lesion. 23. The use of claim 19, wherein the

metabolic abréstassiaatenlosidathandirdifaalirgothe HeyaRewrds in a
hypoglycepig ¢rata At alf@ sS4 BYBlveatms 19 to 24, wherein brain
edema caused by the brain disorder is reduced or prevented. 10 25. The
use of claim 18, wherein the cardiovascular disease is selected from the
ggqup consiningahot agiah SeheMiRer SRIBASME SR A diagBive
vascular complications of diabetes, acute infarction, iIschemic reperfusion
injury, andRESMplieAGSHE WM AReerdER iR odRld B oRiCr AR GRIICBRRfipM e 2 to
wherein the grgaRdiaidure is renal failure, liver failure or heart failure. 27.
The use of claim 26, wherein the heart failure causes cardiogenic 20

shock. 28. The use of claim 27, wherein the acute hemodynamic distress
igocaused enRiFIEE dMaR BRSHRIE SikvEianthEaRiietiaskdeionized or
respiratory diseases, or acute respiratory distress syndrome. 25 29. The

use of any$tH|af¥ai8 o 28, wherein the composition is administered by
infusion or injection.

33.

34.

35.

36.

37.

38.

The use of a composition containing 250 to 2400 millimoles per
liter of lactic acid or lactate for the treatment of a brain disorder.

The use of claim 33, wherein the brain disorder is selected from
the group consisting of traumatic brain injury, cerebral ischemia or
non-traumatic brain injury, metabolic disorders associated with
brain dysfunction and complications associated with surgery.

The use of claim 34, wherein the traumatic brain injury is closed

or open craniocerebral trauma.

The use of claim 34 or 35, wherein an increased intracranial
pressure caused by the traumatic brain injury is decreased.

The use of claim 33, wherein the non-traumatic brain injury is
stroke or cold-lesion.

The use of any of claims 33 to 37, wherein the concentration of
lactic acid or lactate is in the range of 400 to 1500 millimoles per
liter.
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30. A method of preparing a pharmaceutical composition containing 30
250 to 2400 millimoles per liter of lactic acid or lactate, and 2 to 10
millimoles per liter of potassium, wherein the method comprises providing
respective amounts of lactic acid or potassium lactate, 25 and potassium
chloride and dissolving the compounds in a pharmaceutically acceptable
solvent. 31. The method of claim 30'2,§urther comprising providing a

respective_5 amount of calcium chloride to yield a calcium concentration
0?2 to 5 MillAnERes BAMhEhfdadd 3 ciiiareinoihgl canraeiraiin of lactic

solvent is dejanizeskstdistihamavaiRgel 83301140 Fhifli ARTROsEidHter.

containing 250 to 2400 millimoles per liter of lactic acid or lactate for the
treatment of a brain disorder. 34. The use of claim 33, wherein the brain

cigprder ispgplegied dfodhim B, GAWPRNRISIESHRERRUMEHI GPIAINEE or

cerebral ischemia or non-traumatic brain injury, metabolic disorders
associatedagigerrdin isfanegos! S99 &8 ﬁméﬁéﬁfﬁh@ﬁ@%@%&@ﬁvith
surgery. 35. The use of claim 34, wherein the traumatic brain injury is
closed 20 or open craniocerebral trauma. 36. The use of claim 34 or 35

vierein arl iRiesR & iHRHEr4%iaVPREgElB 8 £RRRERY e AlrdRglictasiA or

injury is degreageR: 509/ milRdies peeipis. 33, wherein the non-traumatic
brain injury is stroke or cold-lesion. 38. The use of any of claims 33 to 37,

wherein the concentration of lactic acid or lactate is in the range of 400 to

1590 millinrale s georhiier dthindd 33h8 U3e wharsividiaime FBLWASRE
the concentration of lactic
43. The use of any of claims 33 to 42, wherein the composition is an

aqueous solution.

44. A method of treating a patient having a brain disorder, the method
comprising administering to the patient a pharmaceutical
composition containing 250 to 2400 millimoles per liter of lactic
acid or lactate.

45, The method of claim 44, wherein the concentration of lactate or
lactic acid in the composition is between 250 and 2000 millimoles
per liter.

46. A method of treating a patient suffering from a disease or
condition selected from the group consisting of cardiovascular
diseases, brain disorders, organ failure, obesity, resuscitation,
and acute hemodynamic distress due to medical and surgery, the
method comprising administering to the patient a phamaceutical
composition containing 250 to 2400 millimoles per liter of lactic
acid or lactate, and 2 to 10 millimoles per liter of potassium



acid or lactate is in the range of 500 to 1500 millimoles per liter. 40. The
use of claim 39, wherein the concentration of lactic acid or 5 lactate is in
the range of 800 to 1200 millimoles per liter. 41. The use of claim 40,
wherein the concentration of lactic acid or lactate is 1000 millimoles per
liter. 10 42. The use of any of claims 33 to 41, wherein lactate is L-lactate.
43. The use of any of claims 33 to & wherein the composition is an
Z%Jeous solution. i5 44. A method of treating a patient having a brain

order, thEPnBIRBI L& plHAH A miRRERIANG SoaARGeAtEHICD Of lactate or
pharmaceigl £QBMRPIHECBITRPERIMNIBA Ro0dNeaACRYRaleRpe Hiftntlles
lactic acid or lactate. 20 45. The method of claim 44, wherein the
concentraft§h Bffactate or lactic acid in the composition is between 250
and 2000 millimoles per liter. 46. A method of treating a patient suffering
from a disease or 25 condition selected from the group consisting of
cardiovascular diseases, brain disorders, organ failure, obesity,
resuscitation, and acute hemodynamic distress due to medical and
surgery, the method comprising administering to the patient a
phamaceutical composition containing 250 to 2400 millimoles per liter of
lactic 30 acid or lactate, and 2 to 10 millimoles per liter of potassium 27
47. The method of claim 46, wherein the concentration of lactate or lactic
acid in the composition is between 250 and 2000 millimoles per liter.



