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|  LACTATE CONTAI NI NG PHARMACEUTI CAL COVPCSI TI ON AND
USES THEREOF [0001] The present invention relates to
a lactate containing 5 pharmaceutical conposition, to
a nmethod of preparing the pharmaceutical conposition
as well as to various nedical and therapeutic uses of
this conposition. In partqycular, the invention
relates to a pharmaceutical conposition and the use
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organ failure, obesity, THEREOREO henodynam c di stress
due to nedical and surgery, septic shock or obesity.
In one particular aspect, the invention also rel ates
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US pat ent 610; 206. Lactate is also an ingredient in
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Solut on, for intravenous i nfusion in
acklp SOBIRRA! HRnratmat oh D14 A€ Ras. been descr i bed
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met abol ite selected fromthe group of pyruvate,
saltsatheaeef, mbf@uadwatwwldyspmad applisetiac én dbe phehaaceatical

. he_e flLuid thera ccording to.this

folgay BRTGHAES) theTanlals afiehIF GRS s B iathest i fippsiions

forLdlblgg“eatséelfér Brahpl, fE)HLng gaakeMat., DRI.aint. Z0GU, Y% Suppd 5:
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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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90 g lactate and 23 g sodiumper liter) was

i nvestigated in postoperative 2 patients who
underwent el ective coronary artery bypass grafting
(CASt3) (Mustafa, 1. and Leverve, X. M Shock, 18,
306- 310, 2002). The authors concluded fromthis study
that hypertonic |lactate sopution is safe and well
tolerated in patients that undergo this kind of
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applimtions e Theosfores ialis cardiabgadteaf the irhentise f peovide such a
h)éger.t onic 15 lactate conposition, i.e. a conposition
CORROPHENa | actic acid or lactate concentration of 250
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bra i sorder Such as traumatic braininjury,
comppeitioal having éme featurenohihe sespective ihdependenit wtaim. Such a
Accordi ngly, a,suitabl.e pharmaceutical conpositjon
coffgetipl el Parmene il acanoogen < GoREEg n 250t 2400
miflhRsS BES litEROT Pty &61atcR IBctads taie2ab 1@elilliforsd Perfter of
in the specified concentration range as the on
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poiasaisnird b eadtditia, the iventien is alsapbiestrd tq the use ofr%pymonic

t aj Si . i ion.l.s.b d_.pn
o SoRGBRES' (4 f IR ERL 21eble 458 oPactate
coseantedtionngl 250110S2400 nsillitremdep per titan sort trat treatmentsef brain

lactate as active i gjgr_edj ent in concentrations such as,
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; [ ; iV [ I :
oo SRoAIASG! o 89pie phMal e oRpBrPRBIN Gea
forithe t@etraantdf fllcbderaimpdisseiare mayom)ly eontaimiartaig@ardactic acid

i S0 e RR oSBT LG, P Dby B
coRPoVbhBH BRIt nfdlP6ét coftaiBqstasdpehat i ve situations, for
exar[li%o%] 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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30 [0007] In preferred enbodi nents of the invention,
the concentration of lactic acid or the | actate anion
is in the range of about 350 to about 2000 mmol, or
about 400 to about 1 500 mmol or in the range of 500
to about 1500 3 mllinoles per liter. In other
preferred enbodi ments the goncentration of |actic

acid or the lactate anlon is in the range of about 800
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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 sait.

[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, diethylammoniﬁm, 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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[0009] In order to achieve electroneutrality of the
conposition of the invention (especially, once the
conposition is in present as fluid), a cation 30 such
as anmoni um di et hyl ammoni um di et hyl anmoni um  sodi um
or a mxture of such cations is also present in the
conposition, if lactate isqused. Preferably, sodium

is used in some enmbodinents as counter-ion for the 4
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25 contraction (due to an inotropic effect)
thexdagilgivion jort hin stheoapecitied gwngentyation gange 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 resulis 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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relax tone both in the general circulation of in the
pul nonary vascul ari sation (decrease in vascul ar

resi stance), which results in a significant increase
in cardiac output, even in patients with cardi ac
failure, for exanple (cf. Exanple 3). In this
respect, it should be noteg that the conposition
descri bed here has 30 a remarkabl e

cofsiioRerig PRI eEB e osFed pr A0 LEAN AMiRe Seatd Efic
relBnishfTeei) reidRigl Us bANattiadiive Yadetit - foPsatieings 4equitig fluid
this connection, it should further be noted that the 5

infegiRpofart resiiseitatione foRve@RMRIE. a?plgan@lagb/estb@s vglume eﬁect is

strﬁhﬁ%‘ tfhaﬁacﬂé h‘éﬂ% ﬁ‘flé %’ffgci( 514 I&Ho%} E&Q pfdséqmﬁs such as a

ering It ract I've agent

mare ol fsbmgOﬁl i rdas beén shewr that ro¢ﬁ>3u501tbam 9p.of fthe volume of
exanﬁ Surprisingly, this volune effect is stronger
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henodynam c effect (cf. Exanple QZ}% Such a reduct| on

puified d@y ithe didneyhof | %ﬁlﬁe d@d‘ﬁe@% erefucing syyallings apgeedema
I
oeERHTIAGHRIRIE" 1 “LohBBaRa 51! nE CyRRER, &, 86, o
signifidesitiof decredse i passihie! sidegsffactd eﬁerra tt@atdmrﬂeﬁ;@ly, the
cofpostiag e Aaryon e s adk et i tepretS 1§ Rtnaly
debR&isk! BRt iMBakrank élrtﬁjegé’uret &i‘@rmg?‘éﬁpéﬁlté'lﬁ&egfset(ﬁﬁe to 2 brain

I nvention has surprisingly béen found to be able
tragmrayndlihjs intseasad@st been riomﬂ:rtarﬂealmmﬁesmmoend&ﬂua@ aore

prilGeoEL Rt GRHCD oF ahdhuitol P heardet Bhmbe) Bori 688Fer
soffaP{chreesmpleat). t he effect of mannitol, the standard
treatnent for this disorder so far cf Exanple 2

[0018913]n dadiaddifen ote héh%b@b@va@@@prﬂ@%@ @@mmﬁ@ﬁz% the
co[&rlob%spfbgggeﬁfﬂn%ntc?a'ﬂ?égl) asiohotgg Htel k?é‘?ﬁy ';Scﬂh%r%gé%lehﬁé‘l(bf) as
negatlmlya changedfcmurttdnempdbam potassidmt dred thel calcioncedtionss.

t h di
conORT3H orPGrEcoftAnt ik thS Abee ieesdts: e compastiaR of
thé‘ BtSn r‘étfér‘éﬁwetﬁ% ah %q@l@@u@%@ﬁﬁﬁh' y particularly

preferred enbodi onposition of the
i nvE@@14n donmengremthb@aﬁémy apreterrathreubedimeritn the

coHE)%Sition 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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foll owi ng concentrations: 25 1000 mllinoles per liter
lactate, 9.4 mllinoles per liter chloride (Cl), 4
mllinoles per liter potassium (K), 2.7 mllinoles per
liter calcium (Ca), and 1000 mlIlinoles per liter
sodium (Na). 30 [0015] In another presently
particularly preferred enbgdi ment the conposition
contains these ingredients in the foll ow ng

concent 0 er liter lactate, 6
8.9 ml ?%}nﬁﬂ@%eé‘ it i Tl (cl), 3.5

m | | i moBesmillioldst dr lpert gtabsiom(¢R), 2.7 mllinoles

per liter_calcium(Ca), and 1000 mllinoles per liter.

sodi um 2Napillimojese)iitercaleiner (GalegBdt | y particul arly

pref errggogrmﬁe con‘éér llt%;PgodLth@érq ng concentrations

are use osli [l1inoles per liter

|aC{Gﬂﬁ5g 8.18 bthe?. gregihily pardsulpdy pdrefetrede kinbiddit@ents, the
5to 4 mllinmoles per liter potassium (K),

folm@wrzg zoRegNtratignsarpasediin &ie eamePePCa) , and 500
milli rml58¢ nﬁ)ﬁﬁnéléé EH ﬁtggll gNa) [0017] Yet another

exanpl e "of "a"prese y pre erred enbodi ment is a

conposi Biow Niavhiinsibe peplitepwhitgideqiBtpnt rat i ons: 750
mllinoles per liter lactate, 15 8.9 to 9.4 mllinvoles
per it ém et arllimolepyr iltegpgtaﬁgluzm )1 nol es per

liter pgf}aﬁgg@méﬁﬁ%er Iatt%rc?al&hH Sﬁ per liter calcium

(Ca), es per er SOdI um (Na) .
[0018] 3be mﬂmmxﬁespeohterraydrhmtmy cont ai n ot her

T B S R P R g
a éﬁﬂp&ﬁtucﬁ{ RGRG the FGHOWARS BBhESHtAonaf up to about 3 or
750 millimoles per liter lactate,
8.9 to 9.4 millimoles per liter chloride (CI),
3.5 1o 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 NaH;PO4
and NaHPOQO4 If preseni, the phosphate is typically employed in a
concentration up to 5 mmolfliter. 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 osmodtic effect of the composition of
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mmol /litre. The conposition may al so contain
phosphate, in addition to such physiologically

rel evant cations or independent fromtheir presence.
The phosphate may be added in any suitable form for
exanpl e, as nonohydrogen 25 or di hydrogen phosphate.
Exanpl es of suitable phosppate salts are NaH2PO4 and
Na2HPO4. |f present, the phosphate is typically

N e G ONER R

cadiydrtei eompbuhdis, igelainici osenum mr@@n@rﬁu@i ian aldurbip or
to about 5 mol/liter is ATP. ATP may be used in the
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osnotic effect of the conmposition of 7 the invention.
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(wBAr Hadmothat encotlipageds sacte ssogélating is chplseh Qis additlve, it is
dextrose, pol ydextrose, nodif.i edé;amd unnodi fi ed starch
()

typieally %@S%”tHE)m@%“PMP ta about I sPréreni xt ures of
t hegﬂfﬂir body diraL§y FREMRIARES the EBRTRsH ?lbé’fhﬁh‘ér i?ﬁ/%ﬁtlijc%W%an

usu be present’in a contentration o
belilseib Km\il‘re) lardre vadeingi ﬂaerap&qml agplicationsnit My, dar ekample

o E e R b B R B
dlée\é@g§alb"éin p&l§§|‘ﬂéfrs' Brotih #IRIMS! o!é@s’fyo a9 Heute 5neorfﬁ’létl),fn‘!am[c

% 1 020] As al ready nentioned, the conposition of
disttessi tn imsdiealrancheutgseyl The menncmitgm Qan iadgg befused for

o BEARH o S8R R B/ roBHARR e The

cofrfdoeftiopd of the invEMIAT andiigabes uséd dhnedicsgerdsr 8ases (for
organ failure, obesity, and acute henpdynam c

examPla, 498 the o4 g1t @ G INGIRESSH REAGTaNTAh Brassiso 85 issyssed
in S%Ii%é&v})%s%?g%érﬂrm Imeh&HTEH %It?(‘!cﬁ)dasa\%éfp ak Efarenteral

operativel'postoperative treatnent pat’i ent's
fomxbammemleohfcmfotelse qrmyeemababcd@rpatms be used in

emner exanpl e, f t he treatment of an
TclB82EY {(6S hurapuic BPakietpn S panietBRES ;e w38 of
th@'%‘hé%a@&t@é{) coﬁﬁo%ﬂloﬁgﬁ‘ﬂ)e' |ﬂvéﬁl‘i@rﬂ$cbﬁ/ﬁﬁecﬁé§tméﬂtto? a brain
I'CU) !par enteral food supplenent for obese
dnsmdalypbtertlmatcabal bolypactatnagd/or lactic ac;|d 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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20 [0021] One therapeutic application of particular
interest is the use of the pharmaceutical conposition
of the invention for the treatnent of a brain

di sorder. In this case, only lactate and/or lactic
acid needs to be present in a conposition of the

i nvention. Exanples of sucB brain disorders are
traumatic brain injury, cerebral ischem a or

ks HER KO B et Bl ool B pidng an

in@essmd BBRJ with surgery. [0022] In one enbodi nent the
or alOAH: onapOgHabmiG GOMPOSIEN 16 18y BPgioB Camalso be

adhINE8Ere4 %o a'd ti\@!ﬁﬁthd‘t Quierd A6 4 HSnQ%nf?t&qgﬁlrFiﬁ!)u uch as
conp (% the 1 able t %8

osition nvention is not only
strekgrorf ¢aldhedign redoce patienh baeiagea imetabelic miscadermassdciated

.pressur ICP) which is, caused by the traumatic_prajn,
wifly BEg Bierlidibn St @i NePatie P Juthasteanti: Cag Due 19 s
. ) L ohai q .
stER0MUsrbic, Bfect, the cbffboRiRRCer thedMRhlies k) Bsqtul for the
tremtideni oh anyhntranglokeiry boain cdderha dawgedtbhyon tawmatis @rbeon-
adm nistered t tjen

. .t hat ff f
tragprtiy ey RS 1yS SHemads Srbog {4dbieday prevented.
col i?%{'f]' ONExdmpRsoPehidiiVasharm Hséa iRt 8bebidhary diseases

di s associ ated wth brain dysfunction such as _
thatepait i lee dreatgpoytty deer corapesitiorDud the inventign rayegmyocardial

s, Sailac Plsronatn” BoRiie-ehd Vafeuny SrhiEionR rdasetes,
achfedl InfRERIBA, Causeshmiy fepdrilgidy | qu‘Ony,n_OBr tdomtiTREt6NS  of

brain injury (disorder) so this edema is either
ariesigeeletpsy tppaverm Y- 10 [0024] Exanpl es of

car ﬂ@%@sc“Aé‘he%c%@ﬁé&ﬁoﬁgeﬁgFéwg@étrﬁi a??éﬁf‘r‘-ﬁch%ﬁﬂé eff8Ct, it

be ed ‘W conpo Ion e | nvention ar
camf-ﬂs@lbdi used ihltﬂ_n@ ermfaﬁnen‘aofd% @agdlylséuffﬁrhgdmmqa?cﬂéaiawea}ﬁ@ny

vascul ar conplications of .di abetes, ,acute infarction,
OrgREAATRPIBB SR EP BT AT RIS At G Be GHAnGde, Bk are
nR Rt CRE FEH A Safturel N8 Raiftird & hédrt [FAFR] 1faddiRn, it is for

conmposition generally exerts an anti-ischemc effect,

example alscapsssible s égat wardiegenie sshosktwhaithds pzausedtby heart
any organ. Exanples of

fa@%f@&'e'ﬁ t@%oqfozﬁrg?rg$tgqeq rfaﬁblglf{iﬁeaqqrogan be treated include,
but [a026] Nothd cBhipReitibd dfethal intentidH Bas lalscebeémifbuiceto be
or heart failure. In addition, it is for
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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exanpl e al so possible to treat cardi ogenic shock which
is caused by heart 20 failure with the conposition of
the invention. [0026] The conposition of the invention
has al so been found to be wuseful for the treatnent of
any form of acute henodynam c distress. This acute
stress may for exanple, begcaused by pol ytraum,

post -operative situations, septic shock, respiratory

o E8 36 5 vk ok SRUGALALY oo UERR 0 L B o
70canp it i0o0.5268i raol eedehizye In sags laiad:drMpaSiﬂonlcﬁttI@é értaigion
a fluid, For this purpose sui t abl e way

CORIEHAIAG 0% M lactrieuisduses @rgg¥reéﬁveetaﬂf Beoeﬂ@é'él as described
hefd 4@ TAhduht yéfhf@ 5 rﬁ]‘?ﬂ@ bG{? Wéigﬁ?&%of nﬁye rb%dadmlrl[ste%%i by

pdr ent era by i or’inj or exanpl e
boms ||nms1@wemdﬁsto 20 tmia sy badosagel mﬁBElOLﬂ aﬂcsmdutlon/kllogram
dm ni str Cgtip For i nt avenou m | on_t he

M%QM °§ﬁ%e~°|’ m/%hf’ Sﬂurﬁﬁya E‘é DQMIQQ; on the

Briier g A e e
dosegeg lof adz(0 mdi !axaateutcmtamng tdmpositidy isv@Dght salfitiorykg bgdy
n.case,a co

0.3 | ac at el I
ht?hqu h@egtmaﬁj kgohi? Wi EPIIng% ¥ & ds &G%ctate
sofu?ibn%tﬁs%%{ rfﬁ@tsa%e % edﬁla@%\héi%gﬁrb@‘?ﬁ‘fusaﬁraﬁ a ke of 5

amount of 4.5 mmol/ y wel ay may be
m!ﬂ@nbmud;sw@dlmjurﬂfumlylec’uam iss eowloyedlh the eompbsitiosiaighe
osa%re of olpgtl on/ kil ogram body wei ght.

invan ap @éﬁa@ém%@t'% IS BILE TSy £0UBe used, depending on

thejoezgci frhe FRAALLH ORIABEH rBRieSH éom(sdezﬁtgﬁépaﬁﬁg a
treatrrent of stroke, a typical dosage of a

phaanaa@tetawbmomma@rb@ﬁptﬁsmﬂgozﬁ@ 4o 120684 !BfﬁlmLQIB%rﬂQ(g“ter of

5, 8, 15108 TSP o5 LR g,

prérﬁrﬁ, aigb(tjmto Bfmilhim?%!eBEpeIflifﬂel’o@fl u:alﬁmuaﬁ‘dl’ i 3 n@ethafi e:on’(fjpr_[i;es in
ody wei ght/ hour poyactatels oyed i

O“Prﬂfe%f ”‘gggﬁn?ﬁt RIR¥IAING (RSPECBYE aBioants g %'gh @P‘F‘fgﬁ or

!adt@ é’bl(ﬁ”ﬁé’tﬁ&éxﬁﬁ# él’ﬂHg@% faEQQ?;ﬁﬂonjéW ddkM ﬁ EBrids ra}laz‘lf{issolving

to a net preparing a armaceuti c
the: oamm@undsm egtiaamaiceytically aeeptdive mol\deinhdhd:biqor@spect it is

notid bl the’ Jaslerts “BrCaStanc fumtGhapranarahdaet a liauid
coﬁiepi%%g%ngcg tﬁtrelrﬂ;\léiﬁtlmgﬂ &5 Seimple! 86diam Batab Ukictid BeRl, 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 compasition 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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one preferred enbodi ment providing respective anounts
of sodiumlactate or l|actic acid, potassiumchloride
and optionally, calciumchloride and dissolving the
conmpounds in a pharmaceutically acceptable solvent. In
this respect, it is 20 noted that the ingredients
necessary for the preparatiypn of a liquid conposition
of the invention, for exanple, sodiumlactate, lactic

oot YN, B S 5 AR L, 8 bropard
frodm micV@de Bodiuph &idtates walohah! ohlatde Pk 2o HBOF,0ENE Hotassium
prior toits admnistration to a patient in need

chiibe AtSTREtGI FgryiiuES pHa AT et SOERIT JFiaten and
Soﬁﬁmﬁh%’nﬁg dodid B ﬁu%%ffdr?rqgﬁélﬂ}gg g 0 Aow St ??gsent

al'so any a S such
|nm1lt;onum or magnesi um or an osnmolytic agent) in solid
formis_also within the scoBe of the present

i nvé®3Un. The selyent eAR Rty fvdabler phamapryisal agceptable
soﬁ%ﬂf %?Peﬁé’rﬁgie' Water ot Qdm ()ﬁtLlﬁrg'Hvah%teWﬁH fakht %@famc solvent such

prepar e are o
asadthams, asﬂm@m rthua sofvenB&; altie to rd\mdvesme soiid cmmmi@t@, in

dformthereof_onyvvhnneeded 029] I n .
pamqqﬁ% Itae cenpopition ‘P&B?@D%ﬁﬁﬁmwﬁso YRigRHYo thiigolivent is

deid;ﬁé d, irgdig OT? dRROAstillan OF‘?MbR)gf"ﬁéP@d%&bF a 60 whlch

used for preparing t conposition o
is ianoeptaixba foFophameaqeudicah amnhp@hmrts o“ﬁheaﬂwl:lecpnm)pamed SO
from,l acthc aci

prepatag) CELhe S STRer dn Sremble. Abaselagteg ragionsor Stére-

flltFQt?éhU'b%f&% %@hﬂh?éf@réécfcﬁtﬁ géﬁéi'ltumnﬁ aéia"}ﬁﬁie #Mda preferred
sodi um chl oride could al so be used for preparing a

sobvenpipbamagcewdicat pasrier aisedtior the preparaiion of s 0pmpheition of

g 8RR BB Sl B P GRLaRE AP Lo
Stmetsrpmm(;gpmaql,m)vent such as ethanol, as | ong as
thls solvent is able to dissolve the sol conpanent s

[QR31]i cdhadnwntiones feprsiivsiied byithe agtﬁéla@qi Figyres and
th@f@lﬁ%ﬁgong% UE@J@ gxaltn?ﬁssm vent is 10 deionised,

s n | St ed or mcro-filtered water the
pur |[0@B21f vifigote 1ishomectist afirgd or t['mhmtnmmah pr@lssure of a

orsi of 2 neierits piltaringy BmAREp rauMB it e Be bR o dingn of

th@TcorhSaditich dfi iher ﬂﬁ\ﬁe‘ﬁﬂoﬁe(fc%s%da‘éﬁhﬁr‘e%t Qfo%@a:h&gasoo mmol/l
patient. An exanpl e of preferred

lactaley éhi/ piraelfaChutt| mmloiﬂa[ﬁr i2ef ged! fGa antk 500 mmol/l Na)

co%r 7 R % 'aognro?f;n otfhﬁ Sgt'i@"&g iaﬁsiooguﬁéring 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 {reated 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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15 the invention is sterile Water for Injection (W)
as classified by the United States Pharnacopi ea
(USP). [0031] The invention is further illustrated by
the attached Figures and the follow ng non-limting
Exanpl es. [0032] Figure 1 shows the change in the
intracranial pressure of gq 20 group of 12 patients
suffering formbrain traunma after receiving an

squifT Ciphiets SAOREEHE cBpGe of BEeLPY Pt GreRpife for
theCgroup ofmb/ pattent sdffermd flonCdraindirsGfantiiet Are Melated with a
conpared to a, group of 12 patlents al so suffering from

compasiion futie wn/@nap@ OB@nn@aﬂs CMRATGAtle angroup of patients

nafi$E0LO8 Eea BB Wt mat i e SR B F ) e g oup
of [0D3BAt | dFigere 5whbesithg efffams bf ai corhpesitien oh#te dnvention
treated_with a con&t)sntlon of the invention in

(cariipiid 2Yh mraoYiHacgieupAdrmey| bht4 eMnelinéy ¢ fgmmaidiGaeand

e R T SO

Heeh:aﬁge (HRimbeaercmmut@ Kigt &%), dhe Gahdlalcelndgk ¢0I, Hyg. 5C),
bl ood for

an&ng%ﬁcgagt%B%éWa@ﬁulaf' {r'l’ﬁt@h stangent ! .naﬁX(&%‘é%I 3; ”563} when
cl oser:%@ltbdar8 FBS%%@W%H%%HS I gure z[aghomsgwg%mg g the

admémistratidn pERngerr'sagiatEs®@pea dquares)dogr corpradfgrdizp of patsents
hzﬁdaﬁlems S%Jefd{)i,l n frombrain trauma that are treated
t P PMeg MggalShe i nvention (open bars)

Mg t ‘Fl?dr@r@ dRoRE tRAlfRGE &F tHWérﬂﬁoélﬁéﬁ'a\dﬁﬂnlstered to
treat ment w manni tol (cl osed bars). 36] Figure

thes1 wmenﬁeaféerf@@d@caurgewmﬂﬁ Putmomﬂryt qulardiesmiﬁnce

PRS0 5308 BT oI g ot
Ci rmm)] OIFigdre Mehowérthe fdffekt Bfﬂmswmpém adngnisied to
te(HRln beats per m nute, t he

therd g gt HacRIRIORardag susggry bRre: RapilaR Blireonary wedge
pret S LA 85@%’ &ttﬂgcéféc'f‘ 9? %ﬁlmsﬂ;ét%n éf@ilppg%‘la]:@a&e 8gopen

m ni st a group o patients a r-car
sqlsanegaary corrpared to the admnistration of R nger's

'tﬁgttﬁffgg( o%e%%?gar eﬂ%ahﬁgpfﬂ?%gq?@e oip %Hoe ?l pgﬁtnlgnlta%tate

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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[0037] Figure 6 shows the effect of the conposition
admnistered to the 110 patients after cardi ac
surgery on the Pul nonary Vascul ar Resi stance 15 |ndex
(PVRI') conpared to the effect of the adm nistration of
Ringer's lactate. [0038] Figure 7 shows the effect of
t he conposition adm nisteri@ to the 110 patients
after cardiac surgery on the capillary pul nonary wedge

BT E P U 8, 50 sl g T Sibisii s

mn8ol&govedyt weighd baer VD imimetesf clblaed Ihmpse)rt onic lactate

CnotEOA9 porFiies O e be PEna! dordrs 161 bl i beriision
medlirS icRsseRf sauék%z if éﬁ%a&m( RRIR! H8F HatRnia \HeHfiAgd rat

the urine output (Fig. 8A), the fluid balance (Fig.
hesd3) of thaerald @regsarée earodudin{RIBkCH Figf. 3Ae thwd:ggtohmwessure

BB 35BS 8e55e oG ARt A SRR mectur
co%%ﬂ%h{é’}ﬁ[her!i § M- gl&Eose Anlal0Ne nPAteEheRHENt rati on

In the course of the infusion for the
conp05|t|on used in this study of post operative
_co o-re~ to Rln065 s |lactate

chl Etrom blsm@dnﬁ@rmeaté@hp@gnbﬁ H@Wﬂmd lthé b&drsepitraténs: 500
after infusion) in two E&rou ps of each 40 patients

mmeldelactatg, S mmqjly @Horeq!es D, ©Mmrackl gptassivie (14),&.7 mmol/L

cal%g.%?f\%g rg%ﬁ}dcﬁtﬁﬁ) ﬁ'ﬁhél/llgogmgl\era Smgféékr%guég n amh‘(oifeﬂsty of

10688 thmal/chiverd geepened fiorh NGIngosmNSMLLfari4i2. @Iuﬁﬁm(ﬂd(@elght
body \NEIght over 15 mnutes, closed bars)

% ki GaPl Y02 SO’ B &b AUl K9P £t % RUTe amwﬁer o for injection

ion nedium closed squares) in an in vitro
aswéﬂéfor ischema (perfused rat 5 hearts) on the

r at 0023 ss 08 ky oflwaten f@RMjedlian atAjilled ndo di ststilidadcmixing

o 855 S hob oo R0 R g0k Fo Rk Bl crore

56@&5 Bf Heacluitd soMtish %@Sﬁi(ﬁ@ @t&s&rﬁ%l&ﬁ?ﬁ@@b%oﬁﬁhgously
le 1: Preparation of @E har maceut cal conposi ti on

adgted Jundan ptimipg. After theoadcat!@ra) s ingeedigals ia gormdeted, mixing

o SR} eI TR b S5 BB 500
wat@ 6f inedticn wewtbcﬁl@a msnotdel;: teogleldntHeNapmposiionhhaving the

results in an osnolarity of
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 chioride (Cl), 4 mmol/L
potassium (K), 2.7 mmol/L calcium (Ca), and 500 mmol/L sodium (Na) was
used for the freatment 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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1008 mmol /L) were prepared fromusing sodiumlL-|actate
solution (50 weight %), Cad 2 x 2 H20 (96.5 % pure),
KCl (99.85 % pure) and water for injection 15 as .
follows: [0042] 400 kg of water for injection are
filled into a sterilized mxing tank at a tenperature
of 30 to 40 C. Then, 103.6;%«g of the cal ciumchloride,
56.2 kg of the lactate solution and 150 kg pot assi um

o Yo ino N AR b B “sctEGigL B 4 harbna

matthiic$ s610fbh (2@ Gs Tov) |ﬁm§yf§fovﬁéij am MtRsanibl §l%s§dreT@@FP) of <
the renmi ni ng 56. 60 k wat er of injection were ad

20 Mo Hgelwhieh ys epasideredclonyn e therataaindng Rardhis purpose the
coﬁ'ﬁ) \éﬁm'f'ie&l fh nlﬁgtteﬁt‘?&? Spttﬁ?'iﬁémﬁ’tol @é% &rﬁmﬁtgf@de@gﬂggﬁ fo a

I NCr ease racranial pressure C use

gréupbfeadvele batibhissargt LWéYICF! h@s pﬁ@eﬁmee latveqaﬁ 5 minutes. If
osition as prepared in (contai ni ng 500

thekoP/at 3 a@wténcr@a&eﬁ]ﬁﬂﬂm@h Her b %Eﬂll@éﬁp drap faypmore than 5

qEJQ’um ( %t'i%entg V\Z%rgﬁc/ gﬁa Cltnr ea¥n ﬁ %ﬁ}ﬂ%;g? r%g%gh{ bf a

patighf ¢silaty fheopatieni mecetied yar( binfisiort rcﬁum) hybert8fict kictate
study, patients whose denographic data is shown in

soffiigndn acserdeape mith thfadﬁv%ml%@aﬁénqee\é&rsam ury (with a
d asgow Coma Score (GCS) < 9 or an abnormal cerebral
comput er tonography (CT) scan) were included and were
13 Tebldtrdemegtapthiowaia (Mearshiosemneofttrezated patients

r‘nr’r‘pnCI fl on—0F—a f‘nh\lﬂhfl nnal nrnnnl t nl enl ||f| an /’)ﬂ (073

wv) if they showt@ONR i nieatsdhni a‘(l"trblgé?s%re t(‘?%ﬁ;’ of With

<_ 20 mm Hg (whi gfyahsjgonsi dered to ertonic lactat
| ife-threatening) E this purpose, ?ﬁ’g corrposfa'ei on

agef(yeams)i nvent | on 0B85 t:hte rmnnl toI was |&@nb hids®er ed

(infiicadl t . .o nad + ha
t—t

TG et Bl od FUoPy-18 mnutes. 11 4apEat of a

@arirent increased|gq 8@ g Hg or Tail &b Q) grop by
nore than 5 mmHg, the treatnents ware exchanged.

CTrreeam h'EDIBI manni t B -*-t(}’éat rrent of a p&2er5failed,

nnnnnnnnnnnnnnnnnnnn

TGO I \,IIL LA YAYA Y all | ||| uol Ull Ul 191 II.YPCI | VARN]] \J
'CHa%Q‘g? sol ution ‘?ﬁ accordance with [t4% invention,

and Vice versa. 10 lable 1. denbgraphic data (neans
sem) of treated patients
GCS = Glasgow coma scale, ICH = Intracranial Hypertension The

resuits 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 freated  with|group  tireated  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 ouf 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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group treated with group treated with

manni t ol

hypertonic | actate age (years) 35 4 39.6 4.9

gravity score (IGS11) 43.8 3.
0.55.2 0.5 CT scan (TDB) 3 0.2 5.2 0.5
epi sodes 25 26 GCS = G asgow conma scal e,

I ntracrani al

Hype

rtensi on 4{dhe result

6 48.7 2.6 (GCS 5.4

| CH
| CH =
s of this study,

in which 12 patients were either treated with nannitol

hvpertonic | actat

e, n: nunber of

Tabl es 2 io 5. Table 2: Results of treatnent group

Tabfee:?t!ﬁﬁa&\f'atn'ihl Fresdurk', R?ib)eélnd"dm’ b@%?é‘ ah@lafteP fredfment »

survival 7 out

11 12 out of 13 n
of 13 number of

Larbap of treatesis owdth
suangissf ok 254 out of

qgraup oftrdated ouwvith
h¥peddnicusctafe, E26

ICPr E(?ﬁrﬁemng apefold
tregfméﬂi 11 dut of 1B

eﬂmn;gs) nunber of
treatmant (onlyf

3qurgessful 5 out
i rst 14

%ZH d.lll d.l I"l €3
t nent gr oug
nni-tol

=25 1

BE& i th

Mpert nnl fad

IR pﬂbﬁf”lﬁg);ﬁ%‘ﬁ?{ 25,
h—an f
C_H@acffﬁﬂb,HE):zhefP@ Ghth3&P before 31 |B°

tregfeatdent | CP (m

Hg) after 25.7 1.7

55329 2 5
** 25,2 1, 9%+

treatment

CRR edtrment HGPP aften

2 dh2fore 67.6 2.

1265:2.32. 3

** 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 £ 2.6 298.5+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
freatment
Arterial Hte (%) after|31.6+1.1% 31.0x£0.9
treatment
Table 5
group treated with | group treated with
mannitol, n= 25 hypertonic lactate, n=26
before after befare 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£06 [23.2+0.6 [24.0+£0.7%
arterial
total CO, (mm Hg)|22.9+0.7 225+0.8 (24507 |[25.8t0.7*
arterial
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treatnent) CPP (mm Hg) after 73.2 2.4 72.3 2.3
treatnment ** p 50.01 (paired T-test, conparison within
the sane group before and after 5 treatnent) Table 4:
group treated with group treated with mannitol, n= 25
hypertonic | actate, n=26 Osnotic Pressure 299 2.6
298.5 1.6 (nosm kg) beforig treatnent Gsnotic
Pressure 302 2.5** 300.0 1.9** (m)srrikg) after

Oz L§§t4¢é¢%‘¢n b e o eg RS, TEe.07 035 oo g 3

{ s ___t_p_e_afnrl wi-th-groupltreated
Oa2vi SALUTAMRThI tGh)] 78208 0ny pdrY diti £-3Madv40E 1.A=0677 Barlob e
vepdyer before afiter pH arterial 7.3910.02 7.39/0.02

7.38 0.02 7.42 0.01 ** pHvenous 7.34 0.01 7.34 0.01

7.33 0.01 7.37, 0,01 total 21.5 0,6 21.6
= @.%893 (pairgd gjtfét (PRINRRRSON W Plth ﬁ%%g"@&b?fﬁﬁ@ Agy after

e uracfon () (GeS” o 5ot et W 6 Tapg apove
before amdadﬁer treatment)

[0045] As illustrated in Fig. 1 administration of mannitol and the 0.5
M lactate solution of the present invention (which is exemplarily used fo show
the efficacy of a hyperionic 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 treatiment. 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 |CP 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] This prolonged and increased efficacy of the 0.5 M lactate
solution in decreasing the ICP found here provides the further significant
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
mannito! 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 mannito! treatment. Whereas the osmolarity of the blood changed by more
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02 saturation (%9 75.2 1.6 77.5 1.3** 74.5 1.4 77.2
1.6** wvenous ** p < 0.01 (paired T-test, conparison
within the sane group before and after treatnent); uu
p < 0.01 (paired T-test, conparison within the sane
group before and after treatnent) 5 [0045] As
illustrated in Fig. | adnigi stration of mannitol and
the 0.5 M Iactate sol ution of the present |nvent|on

o/t
e 8SaRKSTES b ot gt SRGEIPAERR, P
thezmmolan‘(yodnﬂtheltﬁmmcleamed g binty &16|%I)dueelslihe @dimmlsa'atlon of
theyaTe P HIRHYT G gt M fRrtals SadiuR Sa1alieh ehdhibiventon. it is
notelRE Jha%@e‘@%rﬁﬁ‘%h R é"rﬁé’* bé%‘ﬁ@ﬁ%&) td lﬁg sﬁﬁé\[] KOSWBver,

r eboun meani st ea
thei netativasiifiereinthiof abbet 5@ %4 irBtHe tbfmn@ afrtear cdniw:lered from the
treatment to about

itial t t
incidese, Eauped (hernapidh s SoaTicaal dor bttt 8216 smaller
1ncfé§é%nfn°6§m% drfy \zgﬁlﬁ}]'uglr{(‘j He Bltafnsdifforidrah |H€ent10n still
a 6]

nistration ypertoni c [actate solution,
resulisisn shouc @lgﬁmtdacrmamrthe\dﬁﬂw Tihise céuy st baiseed 5rom the

| I ffect Li k
detefigination o e Bomatoorin. i TRMGEPine alues 4R igde 3and
a8l 4114 RBCARBOTHIRGLA 02h8 dFGR!HER 3 928 b9 o of Bl

change in the cerebral perfusion pressure (Fig. 4, sée
valaes dorTtis) @aa)ﬁltplofmaﬁrnerﬁu:edlpatﬁlsm]g@t@eaﬁtgmfmrﬁa@ehbn of the

ef,fi,cac the Q Iacta |on| asi.-ng
biopf &R0, i aPantio Mool cohitast 18ingh ] AESHIS the
|mlﬁ@vé\(ﬂive'ﬁéoﬁg@neé‘éaffﬁb}/ap;bﬂcalhéntdSﬂdeJQQﬁ‘IdJkr@iLﬁwﬁb efethe 0.5 M
pply a second dose of 0.5 M| actate solution wthout

SOQJH'SH dafigle canlyorgstliied unt Her deersasél t e |fgmaiggrite and
heﬁqﬁggalbr% e} aBoEn{‘gs%f‘? t@hngarngoﬂﬁwgmypgnéﬁietla e such

pOSSI the” trea
as laﬂOﬁChbScd&h@n@ (o &hy tolsersegrerentnatioe iathe uange of 250 to 2000

ecr easj_ng .t he, , 11 fro atients that
I B SPERITRRET oS Nas SO\ L0 ATesh A Sha THRgANH that
les8GRRIHANARIdVhEEdS W@ édﬁﬁlﬁér@ﬂ i iy @Gt H\%a*h%aﬂh%t tt)I;/e side

trauma, whereas onhéw patients could be rescued
effetie duertodhe iaddiionahtuidiuptake toctherpatient mihgus @lready severely

atri i o et oY B B IR b o el dher

ThisaRmahad alsd addeRidtBaWithod nuckdbWwentisks\be(faaber) Beain edema
osnolarity of the bl ood changed by nore 16
caused by the freatment.

[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 inio the extracellular compartment and thus into the blood
stream-extracellular compartment due fo 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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than 1 %to a value of nore than 101 % due to the
application of the mannitol, the osnolarity of the

bl ood changed by only 0.5 % due to the adm nistration

of the sane osnolarity of the 1 Ml actate sodi um
solution of the invention. It is noted here that the
overall change may be congizdered to be small. However,

5 the relative difference of about 50 % in the change

the(wlﬁ[}:}rqﬁ%ﬁﬁ%&qt é PN e HnBWner%%%uﬁaléSﬁ%gt k?ﬁ this re?;fect, it

manni 'S significant, ar as 't smalTer

is al9s netstHal mﬁ@tylrerying/OM\MB pnessu}etmﬁedeaceas ¢hes pdasgionomhy
of the invention still results in_a nuch higher

magBitplegae UsHatnenlyche agmigisierpdaines timessdaee thediffargnce in
q j f ' . |
in S B of e IR 9514 R PRSI SheRer py eqor

appiatien. bf conirastt toathis3 Pietiovértobs beligveettmtilgetatd is taken up
val ues for Ehe manni t ol Csreat ment i ndjcates a rathe

and piebpast i 4 UROBRTA R COBRURD gL lpCAD e e Brain
braif Bﬁé g\gthni ?né: GRSt ttph%l%t aft §@ﬂicta§oﬁ hBowever, only
I p i cat sane

ctiveness e app
thev taictate arfion he rﬂefébM]S@bcmanemd}prcaitmt arflthe rreetaalbbhd pathway

decrease in the henmatocrite a 15 henogl obi ne | evel

arq garhep fioyigiesang weiey, whereas FESRRGUVE UNtefdpy uich as
so@inﬁh enising i 'tlg? &@%&é{ﬁ.ﬂlmuﬁ@rInWePH‘%Ehi@QQSﬁﬂM&% lity,

I'n t e range to 2000 M as specif erelrn
chlbade I transpoted ttmgejhelewftbcwatan dubrot tha impracebuiar gpacehatthis
ss_infusian fluid nee s to

eff@ Was SHAQWn,If fwo, groups §1 4 téed{%rﬂ' St %ﬁq?ggagrtﬂ\i/esstiiggﬂng the
effécdin b%‘%ﬁ{a f:hiléhée %‘h@éﬁtrétﬂ)ﬂ BRieiPat infidiondP clgBinddlB e afbunt

severely 20 affected and weakened by the traumatic
of wasiumilagtate  and esadigmrahlerida I()2$om0]/kQTtﬂfsBW1 during 15

i g} g PR DrtelSi) e BT Bl e e
soMbtrh@MbrlMe houg abadpgpdred iid sodiurhéactyte. tHuavevay ctneos svas a
bel i eve that the advantages of | act ate are due t.o

significapt Bsg Imelleride capeeHFat rexpdiym-lagtate aswed) mdncat:ng
thé\/@rﬂghcflé’bva%%?ﬂféhtf?cg'g ‘?ﬁtré%ﬁ ﬁfc@ %&?rgcé’lfl.ﬁ'éﬁhﬁ@ sireaR Qhe case

0es not get ise manni tol exerts it
of eddiantlaeiate usi Uiaibydeyvmmﬁmt iThust frden, app&aglmbypmmc

lactilF doinaatiortal The BvERERIES Kot Feltidtohater e i loss
of 't@@ cMII&" d@nﬂdiaﬁtyOVHélﬁcﬁén ’é['h#e' WMIr a&eldoulrébound effect and
onpartment into the extracel lular conpartment and

accmﬁmglmttbla H@Obpﬁb’diﬁof@'tﬁf@aﬁ@@{bih’%{c@ Diveaa second dose of

acEn T of TRWF tivad PRShieRRiThE e AR Ang dhe
inckésalof tRe $dlum concentration in the body in addition is useful in

preveniing 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 Ringet's

lactate composition (130 mmol/l Na®, 5.4 mmol/l K*, 1.86 mmol/l Ca**, 27
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osnotic pressure difference gets smaller, causing an
reflux of water back into 17 the cellular conpartnent
and thus the known rebound effect. In this respect, it
is also noted that purely relying on this pressure
difference is the reason why mannitol can usually
only be adm nistered two tjigmes since the difference in
the osnotic pressure of the blood and the brain gets

I b ' £, | I to
mdR (eitat i i RV A Ribior M B Bing o sk hours,
wherdiabfie %ﬂjrhél SMYhén ﬁwﬂf&!&@lﬂ@mcﬁw&“r@gma@@d C@} lthe medical
including in the brain brain cells wwthin the first

petosoe! sueipinal meaararaiial Aspssurat(MAT). 19eRdae venous pressure

(CYRE B2 pAP Rl SFaBoCHREe i PRSI (BEP) were

mahitaredsaita gredesdramihey ealgeunt er -i on such as 10 sodi um
remai ns in_the extracellular fluid. In order to

ach[®@A8]e| dber delowingl i iepults cwesei @dtaiged iﬁ%@oihléd study.
MERREAG B i Mt sfihatbeeestil IOREFED b7 BLiREREart rate

(bdeAsepdri tiv@EE) ididesdt ealdandamheaigrafidatt differgncas BBtween the
chloride concentration after of infusion of equinolar
infugien A thefhyssionia [astate: woldlirn §6dhe dnvantion; arad eengentional

RI@;E?JS/ Iggta% nce%drgg S]é.a?'lét %ﬁéﬁ %ver r(ia?alacnlnd?zr(1 e(CI)

|oNn 1N ar er In

whﬁ:rhdmwsul'dsomedarr@untmf @mcmbprpmped Et}othmdeam bechamete per
However , there wa signifi calgi%_ rliﬁy jn chlorid

meteeeATERf RRfYasY G%arﬁwaﬁa%g iga mhren.w'a%a@% Qg M

Iac&é’t@ Q&hﬁ{n‘b ﬁger\é"@ﬁfuggﬂ Jr%ogb? NiAf 4RE! ééﬂw%rtlrtn% the systemic

extrace e in the case
vasoda resiatarneee (BYRERI mhnaﬂe igag iméameememNhudd, resistance or

mBEEt 8 he R Pl vrctian e B BloAdiw oo defisased ggthin
thedf6 tHsurs ebt UhfkioRs TPigakéd t5D). Wﬁ%e,méékﬁé etdt! Infldfomoof the
rebound effect and accordi ng/ é@dt his al so prow des

compesiting gide inventiey dogsdgiolen dad beiter parformageqad the
heg g?,lnlg éhuaén{oo% %teﬁﬁﬁzﬁmh%ﬁ@% é@ﬂg]ﬁﬂ{f%gécg (F)bdél?.{ljt}sn [H% decrease
in thenesiktarald ofitherblddwe flbwdgnd o ac:hob\leralh pbsmus eﬁludargilsmc adfect
in Hie ROREAPSIBIVG dLASEST SFaRhorRiae; 46 LUrGaPg 1| Bus 6. the
|nfg§(;|r8n %?he gﬁé%hlb@SﬁJthH ﬁﬁ%\%n%owaaﬁs@g%%seﬂpé Qﬁé‘;ﬁ#ﬁan’tly

susci tatlon of post-operative patient
lowsrdeulmentnelasiulaeresstans s 3Vident énoyn Hwaskncglarymaagular

resg%gc in élxo(ﬂ’\pﬁ\ Vz':l %Jgassurgr%re%t 0? reasFancen {he |mpec§j |¥|ent 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 freatment
of patients suffering from conditions such as acute {(or adult) respiratory
distress syndrome (ARDS), acute lung injury (ALl), 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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the effectiveness of the conposition was conpared with
the one of Ringer's lactate conposition (130 mol /I
Na', 5.4 mol/l K, 1.85 mol/I Cat', 27 18 mmol /I

| actate and 112 mmol /d ). Infusion was performed for
si x hours, wherein the volunme of the infused fluid
was regul ated by the nmedigal personnel such that nean
arterlal pressure (MAP), central venous pressure

(x eaqﬁogar%l ac | %gﬁét %%ﬁ%u%eélq%nquoeg %%%e?oéﬁﬁf?ﬂg‘a“ of

the%’lﬂk/éﬁhor{ &%Bhre% RiphkP¥IAtdates THE iStalesanPinfideeidwitiinthe

. Measurenent of the nean arterial {)ressure
first rieh Hegirs aftsr ﬂrfe mm plergiery isegignificaatiy %mpﬂ,@r (@PauUt $30Q i) for

i oS, e IS PR R S By it

@ capfl) ConLRitY anal urlrte %Lm@ﬁr oB thécp@tiehté sisealmost
neb&%u:tgé@gA an) 5B). However, the Cardiac | ndex (Cl),

identicahwite houé < 80Remh aBaRfl 2d10uB d6igyse rﬁ?e)d Asya {qeasequence,
ar,t

the i b SRR e Br S Bl s Wi Tt L qpic
lacteUsdiaionas thefimegtionF{Rgue 8C), whicht ieasanthat it riske of
system c vascul ar resistance (SVRI , Wwhich is a

denelapmgeaﬁemadhat 68 dm aﬁﬁbC@uselgrgaPpstﬁﬁfﬂorbffOf ggample, is

e s

pafRusly é&]\@énta@é@m cheftrédmonaﬂgmnmmmiumé dsfrf&ud (such as
i nvention does not only lead to a bet

Ringetishéactatearis reguied rq}gmos‘dr%ttmm?t %f“Hnt Pajfehns mean
o P A B S S r s

Sy ahé tdonepasitivar gf e invetieotdd®d not ohly grsseasspéraaerema (Or
tr eat

e hoR AT i SR g b SPRE ¢ B 4L Bt Becrosse
thé Hzé gﬁﬁrrﬁ’é %tdbﬁih‘éspéﬂén@ significantly Iower

pul'nondry vascul ar resi stance as _evident from
pul f08atly Viasouderrto deterstingcibe ﬂu@xﬂ@wvmthlrathe body, the

f
eSSl 5 BbACS RS eliify i fRoksel n ifye 00
thé heerﬁ@g@@rﬁet cORtepk @irrohsed Mvethbi oourse bE the vsafws;on of the
sui tab neans for the resusci { ati on and.treatne

hypattpaistlactats eempagtien iithe YEHiighsvierens é%fem'a%c?%ﬁtam in
thBRULE bt EERMALANY of RirBlr €3t SR AR ing e and the

inary rstitial lung di sease [c;
blé&y %asﬁslﬁedxde&ﬂ@fﬁmnﬁheywdrmpﬁ SARs)lenﬂsntra@Iml djhmon

ef}e%? dLlnilé Ithe 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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of the patients was assessed by nonitoring the
Capi |l lary Pul nonary Wedge 30 Pressure (CPW). As shown
in Figure 7, the CPWP was identical in both patient
groups during the infusion of the respective solution,
indicating the sane efficiency of patient's filling.
19 [0050] Figure 8 illustypates further advantages of
t he conposition of the i nvention conpared to Rlnger s
| actate. .The total V9 uge nf u
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phisieRdical 80Rcdftlatiopr  t he corrp05|t| on of the invention
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I ) h a .
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conposition of the invention only during the first six
hours of post operative treatnent, i.e. only during

i nfusion of the |actate conposition. Furthernore, as
shown in Figure 8F, the sodium concentration in the

bl ood was within the 30 normal concentration range
when the |actate conpositigpn of the invention was
infused. In contrast to that, admnistration of
Ringer's lactate conposition was 20 associated with a
sodi um bl ood concentration that is bel ow the nornal
rtpasingl ogi cal concentration. Exanple 4: Suitability of
| actate for the treatnment of ischema 5 [0052] In
order to determne the suitability of |lactate for the

ty eatme he I‘ %%?del Ebﬁ’)ﬂf’)sﬁ’ I;l"fo% alhﬁ@h?ﬁ% ﬁ@ﬁ)r!tﬂﬂl%B%S per

i sol ate arts we use
per f usi mtemfoL wﬁtucczmicabnmgcféten‘ddcaztt@tw mnhmolels @er liter of
perfusion medium (control) containin .2 mM of

hexanoi @Oé%ﬁstﬂﬂﬁn@@ 5 WU tactigese & w aeeltirgé opimAesition

Cor 1 "cardh e 1EEERLBES HolT B s ne bl gadfha i

seen fr gaubedbydrdiimaiid er natdtraumatie draif isjgpar ati on  of
the rat hearts (in order to sinulate ischem a),
perfusion of the |lactate over a peri od of 40 m nutes
resul te@\‘He“er S W EbnpBSibY HE&RMN ga ? %‘i’)@gr‘”ngiA oles per
i ncrease the rate pressure product igure T

t he heaﬂsterrtzftle[a(cﬁcgamrcbo@t)ladjﬁte;camﬂazéd manillirao[reer;:terditer of
Furt her nor e, 0 ] di ast o

or essur Do Totd By mapitRluE D 5 FharhAcesisa! sPmAgsition
l'act at e f§olH# traBtm&ABRIrSGmbRC tb'f'@incﬁﬁdry OxlrvheFéW‘{\hé‘ $raumatic
that the deconpression of the heart greatly inproves

by the ddainringry ist¢losedor open cegnieaarehrel tralma,. t her eby
preventi ng or reversing the formation of "stone

heart". Accordingly, these data show that the 20

ra/per t onie UQ@toﬁtaecﬁmbubm@ﬁ dtessiningegshes @zmnmhmnoles per
advantageously used for the treatnent of isch
i

r eper f uditesrefi lajagtip, aq@@&hrla@tateqam]%m a0 rarlllfaﬁg@sa%énter of
form of %Zé%ﬁrﬁ ?é’rsfh%%%hﬂf&ctdrgrofeé(%ﬁ%k@gg@tﬂﬂ(zaﬁg@h’%&tmn

1. The us a’ conmposition containing
mlli rmlf@rstt'pmtreaﬁndamttdrnm -triauheatici oragre irdugr whdraiot tieenon-

ICl)s strcl)ke or colEi lesion.

and 2 t?aumamc braln |Jnj ury

4. The use of a composition containing 250 to 2400 millimoles per
liter of L-lactic acid or L-lactate, and 2 to 10 millimoles per liter of
potassium for the manufacture of a pharmaceutical composition

for post operative treatment of a patient after cardiac surgery.

5. The use of claim 4, wherein the post operative treatment is
treatment of a patient that underwent coronary artery bypass
grafting (CABG).

6. The use of claim 1, wherein the traumatic brain injury is closed or

open craniocerebral trauma.
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potassium for the manufacture of a pharnmaceutica
conposition for the treatnent of brain edema, wherein
the brain edema is caused by traumatic or non

traumatic brain injury. 10 2. The use of a conposition
containing 250 to 2400 mllinoles per liter of

L-lactic acid or L-lactateppand 2 to 10 m|linoles per
liter of potassium for the manufacture of a

phar maceuti cal conposition for the treatnent of
traumatic brain injury, wherein the traumatic brain

inj ury ithelugsedf AlaigRen ofFapi agrirslr ah incredBRd kfirazranial
The use of a conposition containing 250 to 2400

mi | | i mol¥esyEe causeed bydhe traugaticdorats iniusy i9 decleased,

and 2 to 10 mllinoles per liter of potassium for

t he manuf acture of a pharmaceutical conposition for

tdhe tredreense of claim-1 badatHeceinrtae MorAjratimativdbedifiinjury is
the non- 20 traumatic brain injury is stroke or

col d- | esit&¥fe of corhtesitye of a conposition contai ning

250 to 2400 mllinoles per |liter of L-lactic acid or
L-lactate, and 2 to 10 mllinoles per liter of
@t assi ulhef use bhanyrahcibimed drie Solvhaergihdhewsoncdnication of lactic

conmpositiopn 25 for  post operative tr nment . of a .
patient 334 8F R @rrgegyofésof%ﬁgheémhméewﬁ{Litf-’r-
wherein the post operative treatnent is treatnment of

a patient that underwent coronary artery bypass

grCaf t i ngreCAB&)of dainG.9, TWieernede thd cohaentratjionvoéradtic atid or

t ti br aj I, Nj [ . :
cr ani ocdreBlap o Bk noes S8Rl mulBplks et or
3, wherein an increased intracranial pressure caused

bg the traumatic brain injury is decreased. 5 8. The
utle of clihe nee afrclaim Whewdiereintibenemaentiatian iof laetid acid or

crhim 1S e e SRR B dhe e

acid or lactate is in the range of 400 to 1500
mllinoles per liter. , . . .
12. The use of claim 11, wherein the concentration of lactic acid or

lactate is 1000 millimoles per liter.

13. The use of any of claims 1 to 12, wherein sodium (Na) is used as

counter-ion for the lactate.

14. The use of any of claims 1 to 13, wherein the composition further
comprises potassium in a concentration of 2.5 to 6 millimoles per

liter.

15. The use of any of claims 1 to 14, wherein the composition further

comprises 2 to 5 millimoles per liter of calcium.

16. The use of any of claims 1 to 15, wherein the calcium

concentration is in the range of 2.5 to 4 millimoles per liter.
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10 10. The use of claim9, wherein the concentration
of lactic acid or lactate is in the range of 500 to
1500 mllinoles per liter. 11. The use of claim 10,
wherein the concentration of lactic acid or 15

| actate is in the range of 800 to 1200 m || i nol es per
liter. 12. The use of claipgll, wherein the
concentration of | actic acid or lactate is 1000

Mo 12, Tnbvech 20 dRre] Poradifedln ¥ ofhepsRps an

for the dqaebat&oltibn. The use of any of clains 1 to 13,
wherein the conposition further conprises pot assi um
|n a concentration of 2.5 to 6 mllinoles per

8" Compds REef 3y Bl gfite Do sé*’”%éé'f’otﬂg%"ﬁmh?f tas the

per | it eoneénatiarisum 30 16. The use of any of clains
1 to 15, wherein the c?lmum concentration is in the
range of OQOS““HB“Q[eﬁﬂeI" igsladaleer 1iter. 23 17. The

use of any Bfinfdidd B?? %‘ﬁpeﬁ@ﬁd?}ﬁbﬂr ein the conposition

is an aqgueous SO € ‘Use of any of clains
lto 174mﬁ1&neles ;id?diterqmiassiumo(w&)has the 5
concentra npl efgge | ter |actate,

!
9.4 ml 4 @@%%?pﬁﬂdmslfc%lﬁl%ﬂ 4 millinoles
per i tqrogg%mﬁﬁb@g]ldg}ﬂllgéo%oé{% |(N!a?“é| es per liter

cal ci um ( and s per liter sodium
(Na). 19. The use of any of claims 1 to 17, wherein

t co sition,. has rations: 1000 ..
A1 oo B8 i of #fee! P o s WBlesSi heicRginasitpg has the
liter cmogbéﬁ@aﬁéﬁs) 3.5 mII|m)I es per liter
pot assi um s)
1000 millimoles per liter lactate,
8.9 millimoles per liter chloride (CI),
3.5 millimoles per liter potassium (K),
2.7 millimoles per liter calcium (Ca), and

1000 millimoles per liter sodium (Na).

20. The use of any of claims 1 to 17, wherein the composition has 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).

21. The use of any of claims 1 to 17, wherein the composition has the
concentrations:
500 millimoles per liter lactate,
8.9 millimoles per liter chloride (Cl),
3.5 millimoles per liter potassium (K),
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2.7 mllinoles per liter calcium (Ca), and 1000
mllinoles per liter sodium (Na). 20 20. The use of
any of clains 1 to 17, wherein the conposition has the
concentrations: 500 mllinoles per liter lactate, 9.4
mllinoles per liter chloride (), 4 mllinoles per
liter potassium (K), 25 2.34m|linoles per liter
calcium (Ca), and 500 mllinoles per liter sodium

(Na). 2 ; f : j o 17, wherein
t he con']p%g}lﬁiﬁbnlﬂn&ﬁgge{ﬁ@lcgr&h%gpggta\%gfws: 30 500
m |1 nol 530 pellimbldseer Itet sddumgNa)m | 1i nol es per liter
chloride (d), 3.5 mllinoles per liter potassium
(Ky, 24 2.7 mllinoles per liter calcium(Ca), and

ml 4 | jct.er: sodi ( : . Of
20 of ol e PPy s KRl | WRbreiShe EORRRRioRtupner
5 conpriggsprgesoanysmelykekeletid froomidgraimepnsisting of a
consi sting of a carbohydrate conpound, gelatine, a.
serum prtrBPhydHAte APRPERd. gelelingof . sepam mipteipsand mixtures
claim Z%he}@ﬁr ein the carbohydrate conpound is 10
dextrose, polydextrose, hydroxyethyl starch, sorbitol,
xylitol or a mxture thereof.

23. The use of claim 22, wherein the carbohydrate compound is
dextrose, polydextrose, hydroxyethyl starch, sorbitol, xylitol or a

mixture thereof.



