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BACKGROUND OF THE INVENTION

In humans and other animals, exercise, strenuous training, and exposure to
30 elements (e.g., sunlight, wind, rain, cold and heat) can result in significant physiological
changes. Subijects exercising or training are at risk for developing injuries (e.g., muscle

and/or tendon damage), especially subjects doing so in extreme conditions (e.g., cold
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Prior research in the art has focused on the ability of glycerol to cause
wat er retention. However, water retention alone has little or no
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20 by oxygen. Blood plasma holds approximately three percent (3%) dissolved oxygen,
and red blood cells (hemoglobin) hold ninety-seven percent (97%). From the red blood
cells the oxygen passes out into the plasma and is transferred to cells that need oxygen
during metabolic processes. These cells pass CO, back to the plasma where it is then
picked up by the red blood cells. This process rapidly increases, for example, during
25 exercise and strenuous training.

Prior research in the art has focused on the ability of glycerol to cause water
retention. However, water retention alone has little or no correlation with enhanced
endurance or physiological performance. In order to have a beneficial effect on
endurance and performance, water must be appropriately allocated throughout the

30 body. Mere reduction in urine output is insufficient. Water must be available for

sweating (efficient cooling), hydration of cells, and plasma volume must be maintained.



Figure 6 is a fragnentary cross-sectional view of a second side portion of
the m xi ng device of Figure 2. WD 2011/ 140524PCT/ US2011/ 035649
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of the mbdtiogs no information as to whether the body's physiological responses to heat or
physical exertion have been enhanced. For example, a large concentration of glycerol
in the stomach or intestine can cause water to move across the gastrointestinal
membranes into the digestive tract and cause detrimental responses to physical
15  exertion and heat exposure. Alternatively, high concentrations of plasma glycerol can
cause water to leave the cells and enter the plasma, resulting in detrimental cellular

dehydration.

There is, therefore, a pronounced need in the art for novel and effective methods
to enhance exercise performance and recovery time and related conditions as

20 described herein.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
Figure 1 is a partial cross-section, partial block diagram of a prior art mixing
device.
25 Figure 2 is block diagram of an exemplary embodiment of a mixing device.
Figure 3 is an illustration of an exemplary system for delivering a first material to
the mixing device of Figure 2.
Figure 4 is a fragmentary partial cross-sectional view of a top portion of the
mixing device of Figure 2.
30 Figure 5 is a fragmentary cross-sectional view of a first side portion of the mixing
device of Figure 2.
Figure 6 is a fragmentary cross-sectional view of a second side portion of the

mixing device of Figure 2.



Figure 16 is a cross-sectional view of the m xing chanber of the m xing
device of Figure 2 taken through a plane orthogonal to the axis of rotation
depi cti ngwe 200y@034f | ow pattern caused by cavitation bubbiras2ehessdihe
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illustratio construct, the thr 10hol es
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i 11 ust rexhbedinint af Hapiihgabvieey be used to construct the through-holes of
the rotor and/or the apertures of the stator. Figure 24 is an
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chanber. Figure 15 is a cross-sectional view of the mixing chamber of the mixing device of

Figure 2 taken through a plane orthogonal to the axis of rotation depicting a rotary flow
20 pattern caused by cavitation bubbles when a through-hole of the rotor approaches (but
is not aligned with) an aperture of the stator.
Figure 16 is a cross-sectional view of the mixing chamber of the mixing device of
Figure 2 taken through a plane orthogonal to the axis of rotation depicting a rotary flow
pattern caused by cavitation bubbles when the through-hole of the rotor is aligned with
25 the aperture of the stator.
Figure 17 is a cross-sectional view of the mixing chamber of the mixing device of
Figure 2 taken through a plane orthogonal to the axis of rotation depicting a rotary flow
pattern caused by cavitation bubbles when a through-hole of the rotor that was
previously aligned with the aperture of the stator is no longer aligned therewith.
30 Figure 18 is a side view of an alternate embodiment of a rotor.
Figure 19 is an enlarged fragmentary cross-sectional view taken through a plane
orthogonal to an axis of rotation of the rotor depicting an alternate configuration of
through-holes formed in the rotor and through-holes formed in the stator.



20Figure 28 is a cross-sectional view of the nodel of Figure 27. Figure 29
Is an illustration of an experinental setup. Figure 30 illustrates
di ssol vedvoxygenoizevel s in water processed with oxygen ipaTiUseo1miosicdg devi ce
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experi nment rein m X1 ng devic gure 2 1s used to sparge oxygen

f r om wabenedbyn theostatsi ng the water with nitrogen in the m xing device of

Fi gure 2. .  Fi e 35 illustrates the spargi ng of oxygen from water
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pot and fi neFigulbest daiiRistraaoPbes shapelthat MR 686d to/Edistruct the through-
holes of the rotor and/or the apertures of the stator.
15 Figure 25 is an illustration of a shape that may be used to construct the through-
holes of the rotor and/or the apertures of the stator.
Figure 26 is an illustration of an electrical double layer (“EDL”) formed near a
surface.
Figure 27 is a perspective view of a model of the inside of the mixing chamber.
20 Figure 28 is a cross-sectional view of the model of Figure 27.
Figure 29 is an illustration of an experimental setup.
Figure 30 illustrates dissolved oxygen levels in water processed with oxygen in
the mixing device of Figure 2 and stored a 500 ml thin walled plastic bottle and a 1,000
ml glass bottle each capped at 65° Fahrenheit.
25 Figure 31 illustrates dissolved oxygen levels in water processed with oxygen in
the mixing device of Figure 2 and stored in a 500 ml plastic thin walled bottle and a
1,000 ml glass bottle both refrigerated at 39° Fahrenheit.
Figure 32 illustrates the dissolved oxygen levels in GATORADE® processed with
oxygen in the mixing device of Figure 2 and stored in 32 0z. GATORADE® bottles
30 having an average temperature of 55° Fahrenheit.
Figure 33 illustrates the dissolved oxygen retention of a 500 ml braun balanced

salt solution processed with oxygen in the mixing device of Figure 2.



Figure 42 illustrates pyrogallol/HRP assays as described herein, show ng
that oxygen is required for the reaction with pyrogallol in the presence of
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e rosul o Fadesadis MSssie: whnBveiive ouveatentinned THs seoBd arsiiye fn on

ef figct i i i ; e f 1rad trifohe
i Qo i Sctity, AIRTSERAT PRI GICE BY  FERRIlcwhle (A5 TErasturcBth bid
V02 maxqubiderhwiater saonpl@PBadfart ieag redictivdycei ved exertion), and negative for

;8;&?5%522%%1@15% 2@%0”9%0%&&238&’)% \é'se%scri\é\gd herein, showing that
oxygen is required for the reaction with pyrogallol in the presence of horseradish
peroxidase, as inventive fluid enriched with other gases (argon and nitrogen ) did not

15  react in the same manner.

Figure 43 illustrates the hydrogen peroxide positive control showed a strong
reactivity, while none of the other fluids tested reacted with the glutathione.

Figure 44 illustrates T7 DNA shows a conformational change at about 50°Cin
the control (deionized water), whereas the DNA in the oxygen-enriched inventive fluid

20 remains intact until about 60°G

Figures 45A and 45B illustrate a graphical representation of a exemplary
embodiments of a bioreactor system 3300a.

Figure 46 shows detailed portions of exemplary embodiments of the bioreactor
system 3300a of Figures 45A and 45B.

25 Figure 47A shows the effect that RNS60 has on DEP mediated IL-8 stimulation
in human bronchial epithelial cells. Figure 47B shows that RNS60 regulates rTNFa
induced IL-8, and it retains its biological activity at room temperature for days.

Figure 48 illustrates the benefits of consuming the electrokinetically-altered fluids
for exercising individuals. The results (see Table 4 herein below) indicate that the

30 beverage had an effect on all 3 measured parameters of exercise performance, and
that the direction of the effect was favorable in all 3 areas (i.e., positive for VO, max,
negative for RPE (rating of perceived exertion), and negative for lactate).

Figure 49 shows a study design overview.



Figures 50 A and B show that RB consunption inproves VO2max in fitter
athl etes. Figure 51 shows that RB consunption decreases RPE.

Fi gure 52vehowsi4bizae point differences in |levels of plavowusyeglosssiin.

5Fi gure 53 shows ti poi nt_differenc in plasma CK | evel s. . FL.gure
54 shows t hA19WESI rfi Br o B o diel EI8 gL aWIPRCYerBkSs 1V Grmarddn TR <
of | FNrpletdy. and ENA-78 (B). Fi gure 55 shows that RB consunption
prevents the rise in BDNF plasma concentration 24 hours after the exercise
trial. 10Fi dugeress! shows thatRBpasymptioREegwasaaiiiion on circul ati ng sCD40L

ot hods for aANSHeA O Rk M e aTeb e ovels BrOs il ThnfRBE or i ho to s
subpect in rrigdre SBEROWS tifte BbiACHiffekérelsiin pldsmaldieredls. 15 aqueous fluid
conprising an ionic aqueous sol ution of charge-stabilized oxygen-contai ning

nanost r uct urfdguigr sdodMevmtthat MR iiRoled dver axprcigeddnduead dcrease afhalasmso

nanonet,gr s%?ﬂ:ﬁlaa%yar?f@ﬁ% %_l n the ionic aqueous solution in an anmount
sufficiént to provide tor enhancing at |east one of exercise perfornmance

and recover yFigime 55WaRowE Nthait "RBhedndompioh aitevdgisenry eiseeinn STINF nplasma S
afforded. 20In certain nethod aspects,  enhanci ng exerci se performance
conpr i KEHCEBHALPMGS dedre AR theRXEEESe Héd eases of pl asma i nfl ammatory
cyypkine |evgls.d s EHSvtvé'ﬂ?é Bfbct df’hé’%ﬁé&rﬁé%? Gﬁ%%ﬁl%’tiné e s4R" ELag; | nduced
pl asma inflanfatory cytokine 1S one sélected fromthe group consisting of
interferon-al pha (I FN-al pha), epithelial neutrophil activating protein 78

(ENA-78), and brain-degiv e I 251 n particul ar

nmet hod aspects, enhané%M%@YﬁggﬁﬂFgA&%@f%mgg§ at | east one of
preventing IO i :El S jat W n i eggw’é e
and enhanci %a@}ue@%f eégé\é /%r Emdééonﬁ]reg?gj\irfggt ere c?%% ?)(e&SISb orrprn?%ggg’at

| east cxenpisipg edministering tal & esuibjedtinig veee@ riherdfof masc Eectrokieeticdltyr altergaur vy,

o B DSECHS b 5 e SRS S A b
nyogl okigmtainiplg mﬂu%ﬁﬁeél'ﬁédi&h?ﬁdnﬂ? HavirRNBAR e d BRAYREF BYIdssarnat1 doeast

one of exercise induced tendinosis, tendonitis, tenosynovitis, avulsion,
and t erfltfnonetees andstakly goelipuredhn dhe @miic aguepids polutien M asrameynt suifigent ai n

aspect Ci | se r.f.prnan i S o

rer cadPnl U RES I ARG il B0 o B cARPE] RETohehl k"ot i ng
WO 201 Arelld Nidihbl$28 1 iBletPexarcigaserormamse iabffexdedci se (V02 nmax) ;
decreasing the rating of perceived exertion (RPE); reducing

exéPci se- nedNASE@IN Aatked asPeEsdeNRRNCING SKRRFEISPCIRERNICE GRINPIISRY educing
contracty L QN rer Xil Qi eduei ng

nmuscl e%ﬂgggﬁé!@ dggidmgfr%%legr(g‘?é Iﬁaﬁtﬁh@ﬂgm’rﬁ%@fcﬁgb !lngulgble%qrx(letg%oﬂggé@b In
exer ci grarticulahaspedis eitle. exdscise-ipaudad plaamanietlacunmatepe cyiokinehie eneeseliested

c evat dtPB e GHRUR eure, P BN et TR b ENeAlohah crube bl Metupent FelvailRg '
hi gh al §rbididl @8 §ERIALTEE and brain-derived neurotrophic factor (BDNF).

25 In particular method aspects, enhancing exercise performance comprises at
least one of preventing or ameliorating exercise-mediated muscle and/or tendon
damage and enhancing muscle and/or tendon recovery therefrom (e.g., comprises at
least one of preventing or alleviating extent of muscle fiber micro-injury, and enhancing
recovery therefrom; comprises reducing biomarkers of exercise-induced muscle injury

30 (e.g., creatine kinase (CK), plasma myoglobin); or comprises ameliorating or
enhancing recovering from at least one of exercise induced tendinosis, tendonitis,
tenosynovitis, avulsion, and tendon strain associated with chronic, repetitive
movement). In certain aspects, enhancing exercise performance comprises at least

one of: increasing the maximum amount of oxygen that the subject can utilize during
8



In certain aspects, the electrokinetically altered aqueous fluid is
super oxygenated (e.g., wherein, the electrokinetically-altered aqueous
flui d conpoizensi4daxygen in an am)unt of at |east 15, ppou/wtotheast 25 ppm

| 30 | 40 50 |
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NMeRRr angAeR k| t%o@ﬁpéieéﬂea%tm&?? '?t %%E?Qsa?nﬁ'%i%éét'@d‘ﬁgfn%ttléé‘ﬁ& one
of cellul’ar nmenpbrane potentia el l'ul'ar nmenbrane 25 conductivity,
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nanonet ers..and sta red .in the ionic,a Ueous fluid.

ot vl qespivtg o ety SRUERE Pl & bntrdar SoseRidt PRHIEM T shicySin.pepedls

Wi thi n hmbgulatish N&r HPleHR bse WfeadiRNart hidmbrade perPlies a0 BeRAGeméhBrard 1
seconds. In certain aspects, the ratio of surface area to the volune is at

| e@5t 1BNOHEtViaseomprises m@ﬁd@tl@ whgle{cef seonmctaniceat IneRertiostar gepects,
addi ti 8‘!qu ol c?fs_ all(?é’étd(gné @rgéﬁﬁammg%nfeo ggp(é'n@gFé‘I[ljlafL%embrane

electr I'ne |caI oxygénat ed aquedus or so , conprising

use of conaustivity demmeeé ahoduladdh ng atnlezist pHe m‘xawsacubm diependart Eelfusar
aqueous material and a second material, the device conprising: a first

chanberm%fiﬁg”ﬁﬁlup@m’i’%\’ PES¥FIE tﬁ’f&oﬁﬂhpﬂpa%ﬁq&?eaﬁ%v'%ta@ﬂl aeyiat Qycaser AC)of
the firgh E}queous material; a stator; a rotor having an axis of rotation,
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25 chanber in fluid communication with the m xi ng chanber and configured to
receive the output material therefrom and a first internal punp housed
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t ] t . i XI t d
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directipn.having a first. ent that is substantiall angent to the
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chanber though at '| east one of the two contoured surfaces between the first

en@dporaiiearbasfintfivsd eemautnication wih Erameng ahamhes anecenidioered foracede B t he
arcuat & ihoxi Ao A RIBTBET aoihehRt huan Fhaf RIS heRb e 4 Shethagupaus
g an i1onrc’aqueous solutiobn of charge-stabilized
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fluid i@aﬁﬂQﬁﬂ ey the AN chamRer.eab§di sudstatialln et lihﬁsfe”é?ﬁraﬁ{f?tfﬂoﬁ’%?si he

Tosor SRR 12 56481 ool SRR PRSERE Y o148 Bcous o
30 comprising an ionic aqueous solution of charge-stabilized oxygen-containing
nanostructures predominantly having an average diameter of less than 100 nanometers
and stably configured in the ionic aqueous fluid is provided.
Further aspects provide improved methods for producing an electrokinetically-
altered oxygenated aqueous fluid or solution, comprising use of a mixing device for
10



introducing the first aqueous nmaterial into the first end portion of the
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having an average diameter of less than 100 nanometers and stably configured in the
ionic aqueous fluid is provided. In particular embodiments, the first end portion of the
mixing chamber is coupled to a first chamber, the method further comprising: before
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| east one of a form of solvated el ectrons, and an ectro I netl cal

modi fi dwllew peripged to yelekng peler derouph themlymhty o tasﬁmhr@olets Hiétoftbermléﬂﬂg

ar d5pr aaiin IR her LS AEHEF o RS Bl IS HREH Y RS, =

0.5 pprancatothtiagtthd rpm rekitivee@sthe3stapom th@tebye&ﬁilné ayusoudt magaRl ahdpthe  at
| east 10 ppm at |east 15 gm or at least 20 ppm |In certain aspects, the

el ect rcﬂ%ﬁYﬁéﬂlgt@éltpgetéﬂlef &5&19 heunxind RPAMEES a form of sol vated el ectrons
stabilized, |t Blrﬁ*% % alp ofgﬁ’tl %BF% AEWHE: théoﬁqﬁl?cﬂﬁr tflh Iterial

aspects, the a | at e east one of ar rre rane
potent|cmmmmllea3tamerm‘eranafmmérabtesw aydﬁedlsclssedherenat | east two, at

east three, at least four, at ast fiv at | east 6, at t 12 nont hs,
o Bonger - odpr besing fmipcditens. JRer eI SomATERS. Bid-RlPDiohE SBBUS. S

I n cer taidncias PRebfagedbk 8f§fcbﬁg)fo‘hfent hersbectrokinetically altered aqueous

flurd 15 conprlses exposur e he fluird to hydrodynam cal |l y-i nduced,
| ocal i zed el ectrokinetic effects. In certain aspects, exposure to the

vol tage pulses and cuPFoApaLeschR QTR TPR LGN Sxposure of the
f luid to hydvrediveam fal | veihaddcaer é@%dl%{deﬁél@@é ofém@mancef f eekrprising

ngrlses exposure of the fluid to el ectrokinetic effect-lndu0|ng
Pact (Bcminfséeing @é,ecatowema&m%@r@@eaﬂtte@ugeth@dat@mlh@smg udfd.1onic aqueqgys

cer ta N GRIRCTEAERe SRl B Bk (ANEaRlaGEl) Y Ao RN Aeving

potent| and ce ar ne con y CONpri ses

conf or nat keeragel diantbtdi ofligsg mtu 100 yanometersadrad wtaty aohfiyurey mfthe ionic
menbrane associated protein. In certain aspects, the nenbrane associ ated
pr ot ei AAUSPPSi SRLTigR. I a8rtaim aspecs t @hanging exercise performance comprises:

reducing plasma inflammatory cytokines (e.g., IFN-alpha, ENA-78 and BDNF); and/or
30 ameliorating exercise-mediated muscle/tendon damage and enhancing muscle/tendon
recovery; and/or reducing biomarkers of exercise-induced muscle injury (e.g., CK ,
plasma myoglobin); and/or ameliorating or enhancing recovering from exercise induced
tendinosis, tendonitis, tenosynovitis, avulsion, and tendon strain associated with
chronic repetitive movement; and/or increasing VO, max; and/or decreasing RPE;
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25 the group consisting of receptors, transnmenbrane receptors, ion channel
proteins, intracellular attachment proteins, cellular adhesion proteins,
i ntegri nwvoet)mmhsucertal n aspects, the transmenbrane r @eCepiSe11083%Py | Ses a

G Prot Co R 1 ti | ts h G- Pr ot
Goum! e deRuSBE ROty lvbiRh il Bt st A8 Dl SRR B
aspect Smaf(lh%.lcﬁomé)be'@nﬁm)}naﬁd/@pm@(ﬂué rﬂbsélé@reﬁ@é&\ear&%ﬁ@h@lofétm@ t he

group conS|st|nfg Ga, , 2 , wher'ein the G protein a
subuni tthe oneayyt fatigue ln [EROBE 4P @Xa@%&tnsthermémﬂcét incpardeulat meshed agprCtef

odul 2t PRERRORE OO Sen rRedarars of fisd BRI AREME Sblifrar REEIR™

whoke- dal ¢levaitdl aihasieat t@m@erat@ee rembtlt&el Bgerisd, eastobld exdftise, and high
2011/ 140524PCT/ US2011/ 035649 one of | i near. or non-Ii near

vol t aged H@ﬁ@r@@fplseonwpr@ueﬂdﬁewocﬁqf@rme%mea|qle%tmiﬁmettoameltered aqueqys
certai |F&b I ne of cellular menbrane
pot ent irfa ﬁ@él@@lﬂb%p&?@%&%ﬁ% %E% l?gt%?%jyaconprl ses nodul ation of a
cal cium 5 depeitdantareeleladtikinatisalhgaherepatfluvehysmortss yisévamagée ncomipbaitions,
aspects, nodul ation of[ﬁ | east y@Ene of cel | ul Fll‘ nmenbrane potential and

cel | ul &FOTRIRNAAN EfdiRdnasically-abrsa sauervRiIUg | SHNRITSIH AN padEQss
actpv! t3biutldh 6LEAGGR-AABRELE oxPBEMLLBhIzRIINGInaRbsirBable L SeioRantaly Hafhg an

menbr ane potenti a nbr ane onductl vity conprises nodulation
of aderaMesage dymhetee o( &Gk tham |a\bouy1 oamllanocrmterai ancastabtyt sonfigieed in the ionic

el ectrokinetic -altered spo P sitipn conprl es d|ssoIved
oxygen Sdheat a it i apassufict, I dro Ba8T s ehRndiar A| Jea 588 gy
at | eagihy3RIeqoal FErfdraRicedhdPRiBovaty ﬂlrﬂ@StIn%rms;@éct@tthbecﬂﬁrg@%témmed
oxygen at at nospheric pressure. In certain aspects, the gas in the

char ge -®tygentqonainingritanosticeiures agt staply eonfigured Iemejtqmmaqgew%ﬁwdtlmam an

or ddociiodhpifdencn, BRI Ipeiitndnd 2 HuBbRANGF Bl fufsMeiiaddilon

bever ageaétlcmedoff sHliondrahémbrane potpasl dndoelluomiedigtgne cbhauctfty! he cenarnt S
beverage fluid formulation or conposition materi al between two spaced

sur f ac@SPeRts: dfQ Chawenpiebbized fxyaeficrN NI MakPslucioremare e er@@ﬁge
x‘ﬂ"e'nrsé%@ﬁ %ﬁ"@hs cto‘ngﬁnlﬁp ﬁarﬁisﬂ%%ﬁr@as?)%cféfs hhRel A qﬁ gérgé%%frﬁsﬁéét thcer

Xin |'Une 1's greater t secon
gr eat erparbamage bfsmmm omygian motendles pEesexy gethegidsd iast thet drearfé-crabigzed ui d
maég)rl al within the m Xxi n?rva ume under conditi ons sui tﬁ\bl e to dissol ve at

t 2QYPpMcoataiNipgdianasiypireats # BaLienkade selepieatoridne goyReRsIsyId o  at
| east eQié”r“ tAas: b1t Beommy efi o, 1@Rd. ebactamki pebl:.cadd.y 3@'% ehodheget ui d

materi a wher ei n a sp OI’tS ’beveraecorrpos|t|on corrpr|s|n
el ect rcﬂa%e%%aﬁo% eﬁ&%;ré@’/o Z5%4 Q0885 %! B0%W; eoaG%i nig cartaurbembodtqmmﬁa,s

| ut bi I t t bst ant.i al
havi ng 1A et ARttt SP-RBRaRT Rl B0 S RS e S Mt Bty ¥
conf i gUHRstriclurgs.| Wté‘rtﬁﬁ%?éétsf tHe hdrfeafaFiiBINGaSBbhiaMigg hahestpliGvidie
for enhancing at | east one o phy5| ol o |caI gerformance and recovery tine

i s 2Br o\SUlstRNtiBHY @veaam ayepae siameier y|9§$1 thar g sizenseleeigdi fiem theedroup
mat er | alodcflh695. b03h 34 A M hinSRE Y580 HiRSad AAR ROMITEDIHLSEFORAR oSS

than 3 seconds, ss than seconds er ’aspects
provi dédess trein®dnnf produ0| ng a sports beverage conposi tion, conprising:
provi ding a sports beverage fluid fornulation or conposition; providi n% a

fl ow of the lBRAQUIRLIRES NPUPRICIIAUANUSISOHIBY CRBRISRS 8i SN ROl oY
bet ween,d i aspects, the fluid is super-oxygenated.

30 In certain embodiments, the charge-stabilized gas-containing nanostructures
comprise at least one ion or salt disclosed in Tables 1 an 2 herein, or at least one ion
selected from the group consisting of alkali metal based salts including Li+, Na+, K+,
Rb+, and Cs+, alkaline earth based salts including Mg++ and Ca++, and transition
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15 WD 2011/ 140524PCT/ US2011/ 035649 spaced surfaces defining a m xing

vol unme t herebetween; and introduci ng oxygen gas into the flowi ng nateri al

wi t hi n t worhximgsavol une under conditions suitable to i rtwas@ti/obwast 20
ppm at_|east 2 n at least,.30,. at | egast, at, Least 50, or at |l east 60
Db gadMPIAGaEFE FRALLP S AR O haf GB0NH i LEbEhdD cabe e dan

m | ' segpnslftablessurittAtnic eoftfdnaintd.i seconds, or |ess than 400 m|liseconds,
to electrokinetically alter the sports beverage fluid fornulation or

conposi ti on,Inne@itainnagspegier the ki@ reageprisas at fleastupaei oh aoforgpyioselvaieg

queou B8t GHRERCRP R ERlesy B R, SRR by derf SBBFSS: i 28R ©
subst arddpalctsy tha@fdrrgobsolaatetagectebran®t ecwbkihescallyhasdiibawr chaathoryginer s
and stably configured (10 in the ionic aqueous fluid in an anoun

t
QU f 1 CiSREIaSATSY BRASEBL irbAN cHAGHRY igAlIearbA! BRrE. 6f 1976) S\ bIFGH.cal least 0.5

perfor e r i LSP i . i t

e o e Pask hEPHE L oot pomr BF P B mel A 0En L PPEP F iest ORI o6
seconddeast 15 pperortahdaadd.20 soondscerian aspéeis nthasgectrskingtielly slicoea fluid
surface area to fhe vo%grre i,s at | east ,P.Z, at | east 20, at |east 30, at

| east APMRYISEsa [AAFLe spivaied glgctions: Hakilizeh &L {€aSH i PRTeLY MARHEY Sfygen.
praduci ng a ; i §d % f I o j ce
o Cor eati ng Sal SESCHSICAE (ROTRARY 14 A KPR IO U8 T ochy @ FioRRe
mat er i gigtentiad amhelvéalkilarompmibsamey copduativity npraistspior tad [dssi éwagat feasi three, at

¢ Lot et ol : e ¢ gt ;
or ! 1o FRIRER b1 Sl d A e TR o0 RSk 59 b0 o
the fi rgght ceRtamdreppihallipashid@i4eca rotor having an axis of rotation, the

rotor being disposed inside the stator and configured to rotate about the
axi s of rotdbhi eertainepepectsatalteeation ehether elavirokinedcalih dliered orquesusnfuig

hdSat ebpdtiaereb RS Ui Bydut AR tloam Euidhkes SoREqi et e
chanbereffyets. c dmfcegaredspacts eegpostire he thpdotalizeaveleapskihétiv efféesnadnpriises or
conposition 25 material therefrom and oxygen being provided to the m xing

chanbereXpoguiento gl @ast PP Qﬁfvoﬂtﬁggﬁﬂﬁ%ﬁ@% CP_U?H%_HUESRS{c He Q%@irb_ﬁsl?%sr Bteor
and st 3e§>ébfo'suﬁ’e eed flﬁfba’f@elﬁ]ydredfﬁé’rhgaﬂ B Het2 150428kt Blécﬁ@kfﬂeﬁb”&ff&élé,”ber
and configured to receive the output naterial therefrom and a first

i nt er nadonpemgeshenosdre 0§ thoefltideof elesttoldhetidbeifecttinduding structhuralr fieaturpsmb a

being configured to pu he, sports beverage fluid fornulation or
cofposi49WiF F%QEW&Q%&?%‘% t}hregH‘\'(Ehe first chanber into the nixing chanber, to
el ectroki ”EtIhCé‘ér‘té(in%h%oﬁrﬂént%?%b@ul‘é%ﬁréﬂ%tf I'elé]tsfI driey 1! 8dIjupr Phembrane

conposition material, erein a sports beverage uid fornulation or
conposipdtential o icsilnigr anegibsane glondeciivyl complrises aaltedingeolis £bafodmation,

nanost Pieengr BBuBLeRAYT g YIS afinG o 2 T aRbec AT Bd DI afout
100 16 coNI7A33A40PRARETIOHERAIARREAD DRIO TS PriSco arcababhy seRRldnbRd | 1

the ionic aqueous fluid in an amount sufficient to provide for enhancing at
| e25t dhe @PuphgeNwisitng GAlrepepioss.nliabeMaRPraRe Jeeeniors.nien shammsli aedeins,
Addi U1 QRalc ARRGCLS A5t e DA 4 a8 QNS I Pbhefhes AL AINBCKAT 28 ceRain
conposi tion, conprising use of 'a m xi ng dévi ¢ Or "¢reati ng an out pu

m xt ur eagpiecty, Xineg tearfsmierhbiramice reeéptan dcampresanch NBtRrotgth, Colglede \Reseptor
conpri SIG&% {)r oviding a sports bever acge, fluid forrmul ati on_qr conposition; a
st at or ;(GPGRBt ot RAVHCHIA" B9PE&ISs thi G-Bf@ieinokoupire RegeptondiRgRIiRsREs Witsi de
t he st CONE M ed At o] IS~ Qf o therelRa a
i ng 2 SR TR Rl rlet BBeRs e CPqEta Syl Boiser ey
cha@0berorteaselaciedrirapéime frougt casibtingraiug, ,VEoG IGdhansip@ais(elryehagsn theiGd
formul ati on or%ﬁ)on'ﬁositi on material enters the m xing chanber and an open
second KSR Ar3RYATH %)t he out put material exits the m xing chanber, the
second mat erlh%ertaﬂ%ﬁ%ébt&%odﬁl%i@ﬁ iop@t It %é'&%eﬂﬁl%ﬁ%m%ﬁn@%eﬁﬁal'%t
one of the rotor and the stator; a first chanber in comunication wth at

| east eceltdjasr ineynyene i concwictivihe opvprises snoduidting whee-cell conductance. In

particular aspects, modulating whole-cell conductance, comprises modulating at least
14



15 m xi ng chanber; and a second chanber in conmunication with the open
second end of the m xing chanber, to electrokinetically alter the sports
bever age wbuod/fses29ul ati on or conpositi on rrat erial, whepeirusanispsicis
bever age |dforrrulat|on [ _conpQsiti teria si.ng_an

ol oot r et cailpah) Pbr B Hiediod tapticRReBRBh! <y orifc T ubgle-ce!
sol ut i dprefucidmaege- st abi | i zed gas-cont ai ni ng nanostructures substantially

20 having an average di aneter of |ess than about 100 nanoneters and stably
configured ilA Cﬁréalhoﬁmbcéitfnéﬁiﬁs mpdulatipn ah ainteast ang fdf ceelhiar ongmbrange

(< provihent Eha' GlRbar” Meialiel SoRBANTTL Ot 8P RER oG RYE  SE Faliebi™ o

i npart depeintarnteigat nebsaghg Patlywaynoe sysens pir tertdiaverpagss, maduwlation of at
formul ation or conposition material before it enters the m xi ng chanber 25

Yet addfastang ofed rsmgmwraﬁepat%@h@aﬂ Gﬁ”tﬂ%m%nbfénﬁ @BQHP%V"W&F&FF&@%%S
Co”pos'r’ng&maﬂgﬁ o gﬁ'osbﬁ‘m B € kiGity! >ﬁt Egrt é %HB&aBSﬁ VPSR &8 one
contoured surfaces to cr € an out’put ure é arcuate m Xl ng chanbe
havi ng & fdeflislar errtbrpbrraheorpcmemcml tada csedtuland rr&'ndbrmet icomduttivtymetdnoporises

conprising: providin sports veraeflwdforrrulatlon or conposition;
i nt rod@?ﬂﬂagh%otﬁg?'gﬂ e&’&l &fq tﬂC&' "0 formul ati on or conposition
maygrial intQ thesihi é%e&@dtﬂeob?é%kmetlbﬁl?y érttgr'é@t Spdtt %'H&e%@*&%hdd@tﬁ)n‘c | ow

direction having a first conponent that s su tan l'y tangent to the
ar cuat e:mmphseg dibsotised oaylgleralrsaOcatdomtrqfoatdeastt&@pm satdeasict® dppnowair ldasthe

d d d
ohoobarZh aaont leadt ad B, A i€hSt el O8RS oty & hOR2St BURRG Atidtat .
end pordiirRoRbrié hereysarat e 7 cm.aofhbpééeszmgwmuhevsmwsxamed

chanmber and the second end portion o he arcuatée m xi ng chanbéer, wherein a
spor t s Nenpsiragires of tttefftwcamr aplugian os peasepbEl an emavit of AkleasbApPPEl.ng an

sl on of Addioian Bl EEgA ol b pfeRIReA 3BoR8 PRl B AR ap,
havi ng m@g@oﬁﬂmta%pms bévteie@e mthdrfoﬁhotatuoﬁfts} e positien spavitisg abl y

configure the ionic aqueous fluid in an anount sufficient to provide

for enHiEiaigiha Pk OaYREASST Tigic) Soranuigiiornlor yeamBesHis amaliial Reyery Wone
Lﬁa%grépl‘éggg ggﬁlaﬁgé tr?té?a I?IBEIQI’IJ] ghgeijécflnt aﬂﬂﬁlﬂggfog ?ﬁ@ére@%ﬁvpé@lrg:vﬂ%rem
bef ore thetdmajlttune@f atmngiecpjass ob eheeflagim gf fluidl chterianwidtin candcthraugrmtthelmlumg
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2P ouHAIHEE et DBy BECHTas B (asPatsy HrRBrS-d: Seeasiss TcbeaEinga
i ”t 0 thgy blehtsg?] a<AgRE . floﬁ’rﬂﬁ%'fmwrrﬁétﬁﬂalawﬁhfncﬂtg ﬁﬁﬁﬂb'\%lurfnleoﬂhdé?tébn%ﬁ’ﬁdhs

mat erial “i'n e first chanb . I'n certain aspects; the first end portion
of t he stiitablegtoatiasdieed at keasbilpp,tad leadti2bspprohainbast, 3Q, taéleﬂst|4@gatleast)é® is

f or med bet out er. cq ured, surfac f ,a rotat L ngri [ ot or

and an Grieeat &0 ot S dRL ik GRS 3R o B Rely MY ML e

the rotygereft ad eSpdrtsi 58/ crige SEGNPOsiBOAUEoRPridnigS Hf él@ét?ékl@éttcaﬂltleaﬁéﬁéapd

further conprising: before introducing the sports beverage

f o2Aul aaqmumﬂu(td)ﬁw@rlsir@namrw REVEQYE SOluHenN fof ﬁbﬂr%ﬂtabg@@d cgasmorttwemg

ar cual & JHobieh P O orartB UG ok "5, AL SiaRRYEF ACIEL Uifln! AbBHE oo
rcorrp03|t|onrraera In e first cC

ci r cunfreareintetats fho\staldp conhigireatinahé Yoribadguedns diiic wobn ramattmmufime@t ®ai d

material in the first chanber; i ntrodum ng .oxygen has into a holl ow portion
of a rd¥ayigRdor @F‘Bﬁnﬁ'ﬁglfﬁdeasbPWQ |HWSM0Q'%|0Q@’FPVHW@§ anch EFVRF L HFTIR |$o| e
of the it (oM gl

surface& é?‘aéhe I?ﬁotfeeﬁé?h'ﬁsg%cﬂ;?g%%toagg( r?ggggm %gﬁ]q?[tﬁ t o'ﬁ]la%ﬂagorr] ??%’t‘n the
rot3at i n‘g)Or Unltnsed:dmdsu@dsst than@Qd edllilt;qco:nfdst herssuidplan @0 G snillia¢ cortdse omlexsmtjtan
chanber ; ﬁ i q% the 25 sports beverage fluid formulation or conposition
mat er i a‘}OOf'l’n bS89089Bi r st chanber into the mixing chanber: and rotating the
rotor relatipge éégﬁcﬁé BlcRiad Q%éﬁ%d%fxbrﬂluélh@ SRS HROKRS Rig0orhbbkition,
formul ati on or co ition material and the oxygen gas together I hside the
m xi ng thmimmg prowdlng a spwis baeera@gpf@mds‘ormul@tlde arncomposition; providing a

e o0 A5 5B oL S GRS AR or R RTRESH Uy B IBTEE G

char ge- stablllzed oxygen cont ai ni ng namgstructures of t he

el ectrokinetically-alterd fluid conprise at |east one salt or ion from
Tables 1 and 2 disclosed herein. WO 2011/ 140524PCT/ US2011/ 035649 I n
certain aspects, the el ectrokinetically-altered sports beverage
conpositions disclosed herein conprise at | east one art-recogni zed sports
beverage ingredient. . In certaln aspects they conprlse a sugar or
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5 recovery tinme, conprising admnistration, to a subject in need thereof, a
el ectrokinetically-altered sports beverage conposition as disclosed herein
in an anowotosuisHi2gi ent to provi de for enhancing at | eagCTW32010/035649

et hods s B RNl B A AHE ar ik MeTopeishedt cap ByBRrh Sy bfaes
subj eCtintoll(%CmMihgWﬁétbﬁa%ﬂﬁih%é AkfhgRdIDRESUAGEr GSHRtIUnSt Ritablke B PHIRT at
carbohydrate or other sports beverage ingredient to a subject, conprising
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material, conprising: obtaining at |east one sports beverage ingredient;
and corRAVSr P fluiel ﬂoé'aé'{at'éﬁeors%PP%S'MéWB@@'ﬂ ﬁgsmwt%b@vwg% flgd formulation

el ectraki I Jy- : fi b s 1S4 L anj; -

Sotut 1 o SFMPAgHEN" it At ER ohdréCaf HRELS HBBuL I MRy an
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and stjlbal}é]confi ured jn the ionic aqueous fluid in an amgunt, sufficient to
20 pro 'G 8f ﬂl?g“%%@r ek 1538 FOULHPY; RANRYNeIErs gBF b4 o8 IgHed
reqeveriy thé Whic laueshs ALY ASAS Shtourt ReifRielta8rofiBe BPEhhSNERY 2t 36kst one

i ngredi ent conprises a concentrated sports be?er age 1 ngr eﬁl ent. In certain
aspect Qf physicdogicelhperfomearsgoand reeveeragimengrdvieied. c bmpeitaimsaspaais,i the

sports beverage .ingredient. Additiongl aspects, provide th ar

or event i i LRME st Wik Bhe BRERG SR | GBaPndRRu e Shevnster y
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30 formulation or composition material into the first end portion of the arcuate mixing
chamber in a flow direction having a first component that is substantially tangent to the
arcuate mixing chamber and a second component that is directed toward the second
end portion; and introducing oxygen gas into the arcuate mixing chamber though at
least one of the two contoured surfaces between the first end portion of the arcuate

17



and concentrations, and optionally wth m xtures of counterions. In
particul ar aspects, the inventive electrokinetically-altered fluids

conpri se Wt)anﬂalmdszsal ine (e.g., approx. 0.9% NaCl, or aqutus@oﬂfnsMNaCI)

In partlcular ects, .the inventive el ec klnet cal.l.y-altered f

conpr 1 BN FHARBEF &% dhe SrePE Por Forfo St S g BhafikE?, whBtels a000
M at |gpels ObQ@éra@{b aﬂwbeaﬁirrr@{é}% Mor atcdrﬁ@ééltl&w OdnmMerial lceafdristhd1anM
at least 0.1 | east 15 M or at least 0.2 In particular aspects,

t he corﬁi@@tfokrnetgpadiv altaeed aqeemua/wdlmmﬂmgwan|l@raplaﬂuapu5r3@wtn0|nmfd§wargeat

at T oastol B gpEreorling, Qe Rkt A BRRn e B o aiefGh dRReRE Moo

pS/ 6m |ags treasabduthBIE Aan@ieter8inddstably eunfiglfedr® ta ioadlc adled 8afilid4R an
nS/cm at least 80 nS/cm at |east 100 nS/cm at |east 150 nB/cm at | east

200 n/ARPUR Syfigiept ﬁb@r%sd% 49T 6RhaRcing &t I68800REy/al FRhYSIPleaipel Befemance

aspect ue_ad. | r

el ect I‘(?ﬂ(l n@%’."i’gh y-a eré) " &seéggﬁv%%%ﬁ%]ﬁtgtb trﬁg%hgeeooryvo? oft %rrrr]r%qtnlgon
of bi olehginuzdrl ys accduplmj stal ta- §|tr§tb|chazr&1dzr nahestrraticddir festhee. a;pmprlsmg before
salt-stabilized oxy% ont ai ni qunfmos ructures) as. disclos e? ﬁ 3
15Accor'6r%UQ”ag 8% 15 ous VgL f1did {RRIUALONLGS EMPEpiaR:Batsia HEOt Gdliel ve
fl ypd il

nangst ey APrE R TR RIS, ShuRlcRr, IERURE ORI Myorage fuid
by al t doimglatibe |oon|corrmm$ﬁmmennatemral t ndo f the dﬁrstandambeb,y and errmmrytmge agas
conponent of. th uid.. Accordin to cul ar _aspects,. the biglo

o f bt ShopRiRiencal Lot g i irt s @ yiB bt EfaRbelo picerial aspects e
char ge-gichpbrtioaest tséwuﬁmgt@amw iBBOPlddUSt A fifst champee, Wﬁ@%lxﬂi@dhérﬂb@r is

I ncreased, decreased, tuned tc.) by altering the gas conponent of the

f | m d. fprmed dpaveen aﬁs@é@t §ont@xl ﬁUngCQjé)éé rptatmge@gmdﬁgaltn@éon e aniigrer

¢ TReacObiired, sutdter LoBiPhahe PORRErShaar By afif Sl goteet Pt "
dl oxi destatiye @iboutiahi aniz ok rytation, thebmedic furtrsrccoremiging Abefd@ﬂ*ftrdmldlr@)ﬂwe
the ions may al so be varied, .including along with varying the gas

const | tSRRIS(agverage fluiddpyBwafing of ERRTOSHONARAeAES o §3a fidkendindel o alithe
herein a(g udre rﬁ&| [ P&t ﬁﬁl‘d&%cﬁ'@sq}ﬁé s}é@?tsg%;évgﬁa@%\ésflunﬁpﬁrﬁﬂﬁéticﬂg &

percei ved exerti o assays, ctate“assays, et
vm |1 r eczohnposition afbaemab isiel eloe fapprabantedre s timpartohg3@Ge aircemferantiainslow

2020/ 1 85BEPET) (300410 S, PIHoR T10 ek HRAT I BDP GRS SIRIMGR BGducing

EXG”D' Qf)éyggﬁtHd%”lﬁto NABGRr pavtiBRIdTes rdtanmy $ator Navimgnd PRtrARy AR UYRNKIES,

each through-hole of the plurality extending from the hollow portion to the outer

contoured surface of the rotor; flowing the oxygen gas from the hollow portion of the
rotating rotor through the plurality of through-holes into the mixing chamber; flowing the
25  sports beverage fluid formulation or composition material from the first chamber into the
mixing chamber; and rotating the rotor relative to the stator thereby mixing the sports
beverage fluid formulation or composition material and the oxygen gas together inside
the mixing chamber.
Further aspects provide an electrokinetically-altered sports beverage
30 composition made according to any of the methods disclosed herein.
In particular aspects, the charge-stabilized oxygen-containing nanostructures of
the electrokinetically-alterd fluid comprise at least one salt or ion from Tables 1 and 2
disclosed herein.
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disclosed herein comprise at least one art-recognized sports beverage ingredient. . In
certain aspects, they comprise a sugar or carbohydrate, and/or caffeine.
Additionally provided are methods for enhancing physiological performance and
5 recovery time, comprising administration, to a subject in need thereof, a
electrokinetically-altered sports beverage composition as disclosed herein in an amount
sufficient to provide for enhancing at least one of physiological performance and
recovery time. In certain aspects, the methods comprise ameliorating the effects of
physical exertion of the subject.

10 Additionally provided are methods for administering a sugar, carbohydrate or
other sports beverage ingredient to a subject, comprising orally administering to a
subject in need thereof an electrokinetically-altered sports beverage compositions as
disclosed herein, and comprising a sugar or carbohydrate, to the subject.

Further aspects provide methods for producing a sports beverage composition

15 material, comprising: obtaining at least one sports beverage ingredient; and combining
the least one sports beverage ingredient with an electrokinetically-altered aqueous fluid
comprising an ionic aqueous solution of charge-stabilized oxygen-containing
nanostructures substantially having an average diameter of less than about 100
nanometers and stably configured in the ionic aqueous fluid in an amount sufficient to

20  provide for enhancing at least one of physiological performance and recovery time. In
certain aspects, the at least one sports beverage ingredient comprises a concentrated
sports beverage ingredient. In certain aspects, the at least one sports beverage
ingredient comprises a solid sports beverage ingredient.

Additional aspects provide a method for preventing muscle damage and/or

25 enhancing/facilitating muscle recovery from exercise (e.g., eccentric exercise),
comprising administration, to a subject in need thereof, a electrokinetically-altered
sports beverage composition according to any one of claims 1-29 in an amount
sufficient to provide for preventing muscle damage and/or enhancing/facilitating muscle
recovery from exercise. In particular aspects, the methods involve reducing

30 biomarkers of exercise-induced muscle injury (e.g., creatine kinase (CK)). In further
aspects, the methods comprise reducing subjective ratings of muscle soreness. In
particular aspects, the methods comprise preserving muscle contractile function (e.g.,
maximal force, joint ROM). In certain aspects, the methods comprise improving
exercise performance.
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damage and/or enhancing/facilitating tendon recovery from exercise and/or exercise-
induced damage and/or surgery, comprising administration, to a subject in need
thereof, a electrokinetically-altered sports beverage composition as disclosed herein in
an amount sufficient to provide for preventing exercise-induced tendon damage and/or
enhancing/facilitating tendon recovery from exercise and/or exercise-induced damage
and/or surgery. In certain aspects, the methods comprise preventing or ameliorating at
least one of exercise-induced tendinosis, tendonitis, tenosynovitis, and avulsion.
Further provided are methods for preventing and/or ameliorating and/or
enhancing recovery from tendon strain associated with chronic, repetitive movement,
comprising administration, to a subject in need thereof, a electrokinetically-altered
sports beverage as disclosed herein in an amount sufficient to provide for preventing
and/or ameliorating and/or enhancing recovery from tendon strain associated with

chronic, repetitive movement.

Electrokinetically-generated fluids:

“Electrokinetically generated fluid,” as used herein, refers to Applicants’ inventive
electrokinetically-generated fluids generated, for purposes of the working Examples
herein, by the exemplary Mixing Device described in detail herein (see also
US2008/02190088 (now U.S. 7,832,920), US2008/0281001 (now U.S. 7,919,534);
US2010/0038244, WQ2008/052143, US2009/0227018; WO2009/055614, and
US20100029764 (all incorporated herein by reference in their entirety for their
teachings regarding the nature and biological activities of electrokinetically-altered
fluids). The electrokinetic fluids, as demonstrated by the data disclosed and presented
herein, represent novel and fundamentally distinct fluids relative to prior art non-
electrokinetic fluids, including relative to prior art oxygenated non-electrokinetic fluids
(e.g., pressure pot oxygenated fluids and the like). As disclosed in various aspects
herein, the electrokinetically-generated fluids have unique and novel physical and
biological properties including, but not limited to the following:

In particular aspects, the electrokinetically altered aqueous fluid comprise an
ionic aqueous solution of charge-stabilized oxygen-containing nanostructures
substantially having an average diameter of less than about 100 nanometers and stably

configured in the ionic aqueous fluid in an amount sufficient to provide, upon contact of
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a living cell by the fluid, modulation of at least one of cellular membrane potential and
cellular membrane conductivity.
In particular aspects, electrokinetically-generated fluids refers to fluids generated
in the presence of hydrodynamically-induced, localized (e.g., non-uniform with respect
5 to the overall fluid volume) electrokinetic effects (e.g., voltage/current pulses), such as
device feature-localized effects as described herein. In particular aspects said
hydrodynamically -induced, localized electrokinetic effects are in combination with
surface-related double layer and/or streaming current effects as disclosed and
discussed herein.

10 In particular aspects the administered inventive electrokinetically-altered fluids
comprise charge-stabilized oxygen-containing nanostructures in an amount sufficient to
provide modulation of at least one of cellular membrane potential and cellular
membrane conductivity. In certain embodiments, the electrokinetically-altered fluids are
superoxygenated (e.g., RNS-20, RNS-40 and RNS-60, comprising 20 ppm, 40 ppm and

15 60 ppm dissolved oxygen, respectively, in standard saline). In particular embodiments,
the electrokinetically-altered fluids are not-superoxygenated (e.g., RNS-10 or Solas,
comprising 10 ppm (e.g., approx. ambient levels of dissolved oxygen in standard
saline). In certain aspects, the salinity, sterility, pH, etc., of the inventive
electrokinetically-altered fluids is established at the time of electrokinetic production of

20 the fluid, and the sterile fluids are administered by an appropriate route. Alternatively, at
least one of the salinity, sterility, pH, etc., of the fluids is appropriately adjusted (e.g.,
using sterile saline or appropriate diluents) to be physiologically compatible with the
route of administration prior to administration of the fluid. Preferably, and diluents
and/or saline solutions and/or buffer compositions used to adjust at least one of the

25  salinity, sterility, pH, etc., of the fluids are also electrokinetic fluids, or are otherwise

compatible.
In particular aspects, the inventive electrokinetically-altered fluids comprise

saline (e.g., one or more dissolved salt(s); e.g., alkali metal based salts (Li+, Na+, K+,
Rb+, Cs+, etc.), alkaline earth based salts (e.g., Mg++, Ca++), etc., or transition metal-
30 based positive ions (e.g., Cr, Fe, Co, Ni, Cu, Zn, etc.,), in each case along with any
suitable anion components, including, but not limited to F-, Cl-, Br-, I-, PO4-, SO4-, and
nitrogen-based anions. . Particular aspects comprise mixed salt based electrokinetic

fluids (e.g., Na+, K+, Ca++, Mg++, transition metal ion(s), etc.) in various combinations
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and concentrations, and optionally with mixtures of counterions. In particular aspects,
the inventive electrokinetically-altered fluids comprise standard saline (e.g., approx.
0.9% NaCl, or about 0.15 M NaCl). In particular aspects, the inventive
electrokinetically-altered fluids comprise saline at a concentration of at least 0.0002 M,
at least 0.0003 M, at least 0.001 M, at least 0.005 M, at least 0.01 M, at least 0.015 M,
at least 0.1 M, at least 0.15 M, or at least 0.2 M. In particular aspects, the conductivity
of the inventive electrokinetically-altered fluids is at least 10 pS/cm, at least 40 uS/cm,
at least 80 uS/cm, at least 100 uS/cm, at least 150 uS/cm, at least 200 uS/cm, at least
300 puS/cm, or at least 500 yS/cm, at least 1 mS/cm, at least 5, mS/cm, 10 mS/cm, at
least 40 mS/cm, at least 80 mS/cm, at least 100 mS/cm, at least 150 mS/cm, at least
200 mS/cm, at least 300 mS/cm, or at least 500 mS/cm. In particular aspects, any salt
may be used in preparing the inventive electrokinetically-altered fluids, provided that
they allow for formation of biologically active salt-stabilized nanostructures (e.g., salt-
stabilized oxygen-containing nanostructures) as disclosed herein.

According to particular aspects, the biological effects of the inventive fluid
compositions comprising charge-stabilized gas-containing nanostructures can be
modulated (e.g., increased, decreased, tuned, etc.) by altering the ionic components of
the fluids, and/or by altering the gas component of the fluid.

According to particular aspects, the biological effects of the inventive fluid
compositions comprising charge-stabilized gas-containing nanostructures can be
modulated (e.g., increased, decreased, tuned, etc.) by altering the gas component of
the fluid. In preferred aspects, oxygen is used in preparing the inventive electrokinetic
fluids. In additional aspects mixtures of oxygen along with at least one other gas
selected from Nitrogen, Oxygen, Argon, Carbon dioxide, Neon, Helium, krypton,
hydrogen and Xenon. As described above, the ions may also be varied, including
along with varying the gas constituent(s).

Given the teachings and assay systems disclosed herein (e.g., cell-based
cytokine assays, VO, max assays, RPE (rating of perceived exertion) assays, lactate
assays, etc.) one of skill in the art will readily be able to select appropriate salts and

concentrations thereof to achieve the biological activities disclosed herein.
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TABLE 1. Exemplary cations and anions.

Exemplary Cations:

Name
Aluminum
Ammonium
Barium
Calcium
Chromium(ll)
Chromium(lll)
Copper(l)
Copper(ll)
lron(Il)
lron(IIl)
Hydrogen
Hydronium
Lead(ll)
Lithium
Magnesium
Manganese(ll)
Manganese(lll)
Mercury(l)
Mercury(ll)
Nitronium
Potassium
Silver

Sodium
Strontium
Tin(Il)

Tin(IV)

Zinc

Exemplary Anions:
Simple ions:
Hydride

Fluoride

Chloride

Bromide

lodide

Oxoanions:

Formula Other name(s)
A|+3
NH.*
Ba+2
Ca+2
Cr+2 Chromous
Cr+® Chromic
Cu* Cuprous
Cu*® Cupric
Fe*? Ferrous
Fe*3 Ferric
e
H30+
Pb*?
Li*
Mg*2
Mn*2 Manganous
Mn*3 Manganic
Hgs* Mercurous
Hg*? Mercuric
NO,*
K+
Ag*
Na*
Sr+2
Sn*2 Stannous
Sn* Stannic
Zn+2

H Oxide

F Sulfide

cr Nitride

Br
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Arsenate AsO> Phosphate PO
Arsenite AsOz> Hydrogen phosphate HPO,*

Dihydrogen phosphate HoPO4

Sulfate SO& Nitrate NO3
Hydrogen sulfate HSO, Nitrite NO,
Thiosulfate S:05%

Sulfite SOz*

Perchlorate ClO4 lodate O35
Chlorate ClOs Bromate BrOs’
Chlorite ClOy

Hypochlorite oCr Hypobromite OBr
Carbonate COs™ Chromate CrO~
Hydrogen carbonate HCOs Dichromate Cr07%
or Bicarbonate

Anions from Organic Acids:

Acetate CHsCOO" formate HCOO
Others:

Cyanide CN’ Amide NHz
Cyanate OCN’ Peroxide O~
Thiocyanate SCN’ Oxalate C204%
Hydroxide OH’ Permanganate MnO4

TABLE 2. Exemplary cations and anions.

Monoatomic Cations

‘Formula .Charge ‘Name

T 1+hydrogen|on
T lithiumion
""" Ne 1+  sodumion
e 1+potass|um|on ................................................................................
ot s cesumion
A e siverion

agnesium ion



Per oxi de 022- Thi ocyanate SCN- Oxal ate C2042- Hydroxi de OH Pernmanganate
Wh04- TABLE 2. Exenplary cations and ani ons. Mnoatom c Cations

For nul aChwogeNaies2k+ 1hydr ogen ion Li ++

.cadmium ion

PCT/US2011/035649

.strontium ion

barium ion

.zincion

‘aluminum ion

.cobalt(ll) or cobaltic ion

-nickel(ll) or nickelous ion

.copper(]) or cuprous ion

Ecopper(ll) or cupric ion

étin(IV) or atannic ion

Elead(ll) or plumbous ion

Monoatomic Anions

Formula

Echromium(lll)or chromic ion

Emanganese(ll) or manganous ion

 hydride ion

fluoride ion

: chloride ion



Na+l + K+1 + Cs+11+ :Ag+:1 + ng2+2+ l'ithiumion sodiumion potassiumion
cesiumion . silver ion magnesiumion

WO 2011/140524 PCT/US2011/035649
Br e bromideion
T e
= e
S suffideion
e e

Formula Charge ‘Name |
OH ....................................................... o hydrOX|de|on ............................................................................................
CN1cyan|de|on
GZHst ........................................... e e
C|o1 ................................................ hypochlor|te|on .....................................................................................
co,; - chleieion
c|03 .................................................. e e
P P perchlorate|on .......................................................................................
NO; - o pirteion
N03 .................................................... e e
M2 o2 permanganateion
o 2 cabonateion
02042 ............................................... A— e
coF 2> chomaeion
0”2 dichromateion
8032 .................................................. A— T
soZ 2 sufaeion
PO 3 phosphiteion
g—— et p hosphate|on ..........................................................................................

The present disclosure sets forth novel electrokinetically-generated gas-enriched

fluids, including, but not limited to electrokinetically-generated gas-enriched water, ionic

5 water, aqueous solutions, beverages, sports drinks, energy drinks, food drinks,
aqueous saline solutions (e.g., standard aqueous saline solutions, and other saline
solutions as discussed herein and as would be recognized in the art, including any

physiological compatible saline solutions).
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In particular aspects, the electrokinetically altered aqueous fluids are
oxygenated, wherein the gas (e.g., oxygen) in the fluid is present in an amount between
approximately 8 ppm and approximately 15 ppm, and in this case is sometimes referred
to herein as “Solas” or Solas-based fluids.

25 In particular aspects, the electrokinetically altered aqueous fluid comprises at
least one of solvated electrons (e.g., stabilized by molecular oxygen), and
electrokinetically modified and/or charged gas (e.g., oxygen) species, and wherein in
certain embodiments the solvated electrons and/or electrokinetically modified or
charged gas (e.g., oxygen)( species are present in an amount of at least 0.01 ppm, at

30 least 0.1 ppm, at least 0.5 ppm, at least 1 ppm, at least 3 ppm, at least 5 ppm, at least 7
ppm, at least 10 ppm, at least 15 ppm, or at least 20 ppm.

In particular aspects, the electrokinetically altered aqueous fluids are suitable to
alter cellular membrane structure or function (e.g., altering of a conformation, ligand
binding activity, or a catalytic activity of a membrane associated protein) sufficient to
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periods, in a closed container (e.g., closed gas-tight container), preferably at 4°C.

25 Therefore, further aspects provide said electrokinetically-generated solutions and
methods of producing an electrokinetically altered gasofied (e.g., oxygenated) aqueous
fluid or solution, comprising: providing a flow of a fluid material between two spaced
surfaces in relative motion and defining a mixing volume therebetween, wherein the
dwell time of a single pass of the flowing fluid material within and through the mixing

30 volume is greater than 0.06 seconds or greater than 0.1 seconds; and introducing
oxygen (O) into the flowing fluid material within the mixing volume under conditions
suitable to dissolve at least 20 ppm, at least 25 ppm, at least 30, at least 40, at least 50,
or at least 60 ppm gas (e.g., oxygen) into the material, and electrokinetically alter the
fluid or solution. In certain aspects, the gas (e.g., oxygen) is infused into the material in

28



25 Therefore, further aspects provide said el ectrokinetically-generated
sol utions and nethods of producing an el ectrokinetically altered gasofied
(e.qg. oxwganﬁt/ﬂdsuaqueous fluid or solution, conpri SI ngcmrsomiu_disszm a flow

f f1uid_mat f [ t d

def 1 ni HES% UG PO TUURBREN NP Bp ATt Er0 THIGPEPROEHESENERT S0P HBNSEoa g r e
pass oflesdithdr 296 MellicbsdrbsTRIEPARCU M IhBbdimentd) e aktid B?smfééé‘grea?’fb ¥l ume
is greater than 0.06 seconds or greater than 0.1 seconds: and introducing

oxygen obaneiisableasb1 2| @veag) 40, @t ashBer atalleaat 4(hiar at heastisg: ng vol ume under

S0, at | east ddonag paRESSIOEE s, mEERE Seh R Beeh By okt gl herdfE ™

t hesmatgisifdd (eagd oaygertatte&) aqUe@taé Flidedit eslutidve ddropiising: sividinga. fldvn of a

certain aspects the gas (e xygen) is infused into the material in 28
VO 201 TG aeziepal be}smimemgeﬂe%faceamfmgna MiXYBg otpieMe | tegeehatwren 00

par i ooty aroghT R b e P ofdem SAERE oo, Faforah Y In RSV ADA 7

12, at Urﬂmmoadttloats suiaile t80nfuae dt ¢sestt 20Q)pmy atdbaste@s ppH0 at Metst BOr atleast

aspect vide a nmethod of producing an el ectrokinetically Ite ed

gasi fi étf @é? P& drasi P04 &1 & @¥9edNR thgnm attﬁﬂ?ﬂn'l E‘? 10%

pr gy d'rﬁmus%cBhéP IQE fndn Yol rﬁﬁ‘l cbﬁbls bl%%éé‘@ﬁéh B0 r%@l?éé%@naé”éﬁre%% tﬁﬁﬁ'zﬂio“g a
m xi ng volune t ere et ween; introducing gas (e.g., oxygen) into the

f 1 owi ngnitfisieepnas. centamtas@ents;tme;dwellmlme ohttherflmmnglmatenal wilhinagbkeenixmg

|nf use at | east 20 at ast 25 at, |l east 30, at ast, 40, at | east
 Bumgag: oferBhhaio.p8 Seeratel BErrBhier e OntncBhpadS i dcftuiar

100 1(erﬁbd)dj|h1=e$ﬁ§rtﬁlé raﬂl@éﬁsuﬂ?é’ée 2R 19 thel viGRBdS at |t 1bhanied8P20, at least

mlliseconds, or less than 400 m|liseconds. In certain aspects, the dwell
t| me of3Q; Wé'EfaS(b\ﬂ;Dngr aleasi®- within the nmixing volume is greater than 0.06

180t ace dalidtel, BB lndS gRRe Snothih Y, BlodER 6 HetrallBitdl 2
| east 4kered gatifieedsly. Sdkygthatd)teigoealis €nteost sentich, poaviridndgusebhadniaing
producing an_ el ectrokinetically altered gasified (e oxygenat ed) aqueous

fluid SR fﬁrl%ﬂa’“%ﬁ’ﬁrql&ﬁ)lﬁgm%'éreoby @Iwglaaratévat@eat ﬁfﬁd@r%%ﬁqf}‘i’gmélﬁﬁrtﬁut put
m Xt ur \ rs

compr 1 4 Sds BoRriiet e T EhbRloc? KprgAREE R SRITE R gt Mk Bom o
sour ce slurt¢def the §tstmgteringlg statet a wtor baviog @n desicigotatioaxiise oftor beatg on,

g RS R RS S S A SRS e

havi ng Baft! dtibi the Ritof BREUEIONALGRY R pirXIPDLIGAATAChEIEE! A%Hxhe! uRsfibdine
rotor and the stator, the mxing ch r befng in comruni atlon W th
the fi rcmtmedarbleeweemdtt‘eorrbtayuuaed the retamrvethehemtqngstchmtban &einghenefluioim
and the_second ter ta be rovided to %ﬂe chanber vfia th .2|5
o1 a1 GO TGRN A G gD, ot Bnd “eafasfed T rGeE She B riten]
second tpBaimeeh, bAdfthei Sedonamatteasll BaINY Fi‘bv‘id&j b XhBImbhedredan®idt via the

configured to receive the output material therefrom and a first internal
puRp hdugiedity efstherughhieoles ﬁsrtme,dwmberonet dietheirptar &nﬁit?éa‘iﬁ?al a paepnadenagber in
conf h t

i xi ng T R el i, She TR BpalreRl e chbliginef BlRESae ofin v

t o i npanatediaBaretont, eineind ifiadt imtiérnall ptympr‘rtcmseblenéndeSttteanstechaﬂnbbefthee‘lrstt
enters the m xi ng chamnber Furt her enbodi nents provi de a nmet hod of

pr odum'ﬂ@”&%‘ RUMBR LEBIE Qfétfigéléﬁcﬂ {p B‘I“tn@rtB@ f'@%tsrf‘?ieé'@ trgmgthe f6§§/‘§f@f¥ﬁ?@df‘t°aﬁ'@eous
fluid C i o] t put
i xt ur B R e e, TR BT oS Ind it BMATHIGE i Jorhp R ROl
corlpr i gircgmfaresitiat welpcity inta tre firal maderéal baxire ibéntedd e mixing bleambenr bei ng
di sposed 29 2011/ 140524PCT/ US2011/ 035649 i nsi de t he stat or

confi gur ed t'y\omﬁrﬁr%b B ROV %%?tﬁPaoz Cﬂ%?&%ed%t"?ﬁ%ttcﬁgy eligrser
def i nedgat?ﬁ?éhe éﬁa%d ddig fﬁiléfoﬁ?%oll}tleﬁ Bbﬁﬁbﬂglnﬁhﬁs@@fra Hﬁ%ﬂg%e@/fbe‘)pen
first endthrouh the Irst material enters the m xing er and an
open séOb@tBéﬁrli@ athuiglht whktore Dyembdng . firsiteaiedal @mndta semenm watgyiaththeber ,
the second 5 mat.eri al Osﬁntte“n& ttﬁe m_xi ng Cho? ﬂfﬂrﬁ %32 (/\f’ |l east one, of
the rotOr @nPTRES'SP a0k 1781 "ENERF =R T 'ﬁ’Pc PRIREES a
majority portion of the open first end29f the m xing chanber; and a second
chanmber in communication with the open second end of the m xi ng chanber.



Addi tional aspects provide an electrokinetically altered gasified (e.qg.,
10oxygenat ed) aqueous fluid or solution made according to any of the above
met hods. W_02011/1'lib&4phrases "enhanci ng exerC| se perf or marce/usandolsahanci ng

recover. .t| refer t nd I ud but ted.to, re L

i vt dbsi, e AiEbF andhcoRlsed gp doig doas The s B RliSh dh&imiea gpixing
limti rt%a%b’éi' ddfinedBetwEERRETGor @xartht $eatbe -tHe miRFQr CHaFRL&! HBB8g aRbpainher
vari abl e as di scussed and di scl osed herein), and/or "enhancing a positive or
15 bendirsicieat bepidgh ivdriclorthe yfirst anatefiak eatars sheamiriog ehamabei AGdaani/apen

cor ci S2ePBEI YyGhTBHED BEERhbUCBlendy b Mg rBRdld: AT LR el .
Thesphrrasesial Qﬁ[efrmgrtﬁé(!ﬁlxﬁ?@h@”fmb@ mpeugt at Radt One odes yot@nbﬁmrn@gtaa@rmant
refer to, and incJude, adm nistration (or consunption) an amount of the 20

el ect r JiEsheharabal !WC%[PW“PF‘GN'H% ahl'ﬁﬁ%éi/@laﬁ@)é Partin) e5B¢ prer:firstianst of s
sufficigaty, &&%SP{%B& é?Hdd ?Vé@éo%d éﬁbﬂhtp pgmm%a%ﬁ Rlth tﬂé ogj’e‘?]‘@é’éon%
negati ve or t1ng condi tion or Synp om of » eXer o156 (e.g rclse

st ress)endamfdhermlamigaa:ttzenberposi tive or beneficial conditi on or synpt om of

exerci se, an hanced and/ or  accel erat ed, recov rom such.n tive or
T e coriidiion: tBFf%V'%‘? Ber ElesEoRoECaN aleRde gtried) Tog

259 | bﬁ&%@z aé[]@ét% flﬂ'@fdr rr%‘aacra debrAnPld 8%y bFﬁie' %bcﬁ%sméﬁ}dajs’

O<vqen r| C Aqueous Fl ui and Sol uti ons e Figures and
Exanpl es t hakthd phtases ‘‘enhascing e)@ruadq:reﬁommwe andﬁ‘ehhamygafaco\seryrteme

Phe adelredd; Apd BebPaliamiedlic, mevesing: éHeladrir bV ER NS Rrodtesh phedes
ot her qir@cérﬁtmg ﬁ‘ﬁbgﬁﬁ\l/é ¥r AitRigesbridifbrisr §>Qﬁ9fdrﬁ ohexéltfseu@ey. Obx¥RideOsPess

positive ions and counter ions as di scussed herein above, and including
ot her @ eiheeyaggblgi as dissussed ndrdiselosetbseraim), m{wa&ﬂhaémﬂg aipesitive or

ac5ct SerBiibi! EpindBP shheloHt Rl FB i S ARYEPTRG okl drpetth S BabPaDe 5o

WO 201 %Xfdr083APEBgRGS 1k IBfRP cahditieastoroggmptornel dfulerercismite gneeperciset i al
or cellul ar nenbrane conduct ance, and/or nodul ate at | east one bi ol ogi cal

act i vi tSjress) taéu‘g?ﬂouﬁé%gw Y or @@f@%&@l‘ﬁlrhry oxygen enbodi ments t hat
conprise chafge %ijs 1&9 fadcs Ce‘?mtag n%dﬁéuWStéH&t WeRBvEaNP MR Y

havi ng an average di anmet'er ess than a
Char ge -aghaltl’ | reéetndonoand viotludes (a&dmlnlsl:ﬂmlogemrabomswaﬂm«»gan amouat rafnthe

I P DR R
VI02008/,85¢443 c11d Aatd5 32981 QI?@E) &g%es%?o&gé%éﬁﬂ-ﬁ ne@m.vy%%qmgﬁg%%tm br

incorporated herein'by reference in theit entiret heir Teachi ngs

r egar digygnpthe nfateueecl%mcﬂe i, oextfg“r:tsal stseﬂa),vanﬁ/@s gythance a positive or beneficial

el ect rok| ! L cal | ered fluids nd S@ articul arl e Doubl| Layer
Ef f ect ,© ?’WB O G SRS AT 8H fneth angl %ﬁcg\ééqré‘%dnfeeﬁé’v?%ﬁﬂ
thereoféuchh@e@lne@tmkmmﬁg icenditivhs BrAGHEIEmEr Fad@Scise Ne . NBldreike Gltress), as

m | liseconds, a unique non-Ilinear
25 ~ various taught and/or defined herein.

Electrokinetically Gas (e.qg., Oxygen)-Enriched Aqueous Fluids and Solutions

In the Figures and Examples that follow, it is to be understood that while oxygen

is the preferred gas used in producing the inventive electrokinetic fluids, and the

30 describe biological activities, the present invention encompasses other
electrokinetically-altered fluids comprising the use of various positive ions and counter

ions as discussed herein above, and including other additives as will be familiar to
those of ordinary skill in the beverage art (e.g., sports beverage, energy beverage,
etc.). In certain aspects, such electrokinetic fluid variants have the ability to modulate
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20 provided to inpart a characteristic color in conjunction with a
particular flavor to the nutritional conposition. For exanple, a yellow
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WO 2011/ 140524PCT/ US2011/ 035649 U S. Pat. No. 4,551,342 to Nakel et
al ., issued Nov. 5, 1985, describes a beverage suitable for carbonated soft
dri nks hawongiiaapidar ange from about 2.5 to about 6.5. TiheThsr@nagwsgont ai ns
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conmponent s. U. S Pat. . 4,737,375 to Nakel et al., issued Apr. 12,
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suppl enented. wi,th m xtures of.cjtric, malic, .20 phosphoric acids d al so
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entirety, including for its teaching regarding the addition of additional
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t eachi ng regarding the addition of additional components.
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i ssued an t. 19 teaches a nutrient.conposition. The conpasi,tion
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herein by reference in its entirety, including for its teaching regarding
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to Bab ' 0 - 8 eac a ially. isgtonic
bever agg&gsoﬁrﬁ zf‘?%]tleﬁgé@@ ?nossg1 Cmn%ﬁ@g{dr}y@ydeésr’ i%n&ﬁer;[t r%ag%&?@é’t 'ﬂewﬁ{?lsht @hear y
bever agegerthvatliquid brf fo@dsaduliihgeis indvrpoEasent is incorporated herein by

reference in its entirety, including for jts teaching regarding the
addi ti on of Beverages related to the present invention are, for example, beverages in which
an electrokinetically-altered fluid of the present invention is added as a feature.
30 Electrokinetically-altered fluid can be added to, or formulated as various kinds of
beverages according to a kind, state and form thereof, no specific limitation is imposed
on a kind, state and form of beverage. Examples thereof that can be named include
alcoholic beverages, soft beverages or refreshing beverages such as fruit juice,
concentrated fruit juice, nectar, soda pop, cola beverage, teas, coffee, black tea, water,
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10addi ti onal conponents. A wide variety of electrolyte and sport
drinks are available in the market. These drinks allegedly repl enish water,
car bohydrwbaen/ﬂss;zent ial electrolytes, and ot her ingredipems20198856fi9 om a
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osmolality in the range of between 280-360 nGsiliter ceed
Fluid Rﬁpd@@@t@w@exarlli@@érb;@omcaﬂ%acm Rever@ge§g. Ross Laboratories, contains

Sotasst um  AIETARG HIHA Softsdhe St ncdly Gib R ﬁéﬂ@%ﬁe"@%cgmsy of
20280 reOspbits.eenergy and/&ifeddk deikk RTAGcordmgkiet fRethey dsphat®y; tis apoeks enk
cont ai ns about 4. 7% of fructose and sucrose. The drink is also provide
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osnol al i of 470 nCsiliter rkete Bever age

o quaraadiiqtial * COpTOTIERS SGRRoske HitibosEaroPYBRES, God Lo, Sdsi e
Vi tyam h e;(dr. S

VBT dsBhanae. iRy EIRBL S Ehe S todn gt as RLelosby bhu3s0

sodi ummMmpONESES | gﬂiact@hepmwl@seala;ttqﬂeosrpabmdm(trmmegldcom godgmars, ovatbdtabsey of

450 | h d | d
drt nies o 1Toss con S DOBL B Mg Haaly 550 5 et kel iegReR slich

i ssued é@@a?@y}_aéiﬁg &Pdnoddni tiedsSt atrRSodiat epiboYe, t@\g\oﬂ)be%s%rtblﬁ)lsbhéhkhose
i ssued on ril 1999; United States Patent 43

2011/ 14552105 | IpSEuTaperss Faeno SperiEagon  Pablicaiionn i, 243040 momsather
241520%%rohf b P TALEP PB0¢ Mol e 28 e T T8RP ab® ppBolb
ent i r etpotasgigmy dihigrideyr phdsphioras; himagnesigat, dealgiunihe sadidiht ichioritle, gststagsiomal
COmPONe & e Bl g, Sance, stam na have heen di scl 0589 ium
acetate, acidic sodium citrate, acidic sodium phosphate, sodium bicarbonate, sodium
bromide, sodium citrate, sodium lactate, sodium phosphate, anhydrous sodium
20 sulphate, sodium sulphate, sodium tartrate, sodium benzoate, sodium selenite,
potassium chloride, potassium acetate, potassium bicarbonate, potassium bromide,
potassium citrate, potassium-D-gluconate, monobasic potassium phosphate, potassium
tartrate, potassium sorbate, potassium iodide, magnesium chloride, magnesium oxide,
magnesium sulphate, magnesium carbonate, magnesium aspartate and magnesium
25 silicate) (European Patent Application Publication No. 587,972 , incorporated herein by
reference, provides an extensive discussion of such salts and suitable concentrations
thereof) vitamins, (e.g., vitamin C, the B vitamins, vitamin E, pantothenic acid, thiamin,
niacin, niacinamide, riboflavin, iron and biotin) minerals, (e.g., chromium, magnesium
and zinc) amino acids, (e.g. alanine, glycine, tryptophan, cysteine, taurine, tyrosine,
30  histidine and arginine) electrolytes, trace elements, flavoring aids, phosphoric acid,
citric acid, malic acid, fumaric acid, adipic acid, gluconic acid, lactic acid, calcium or
sodium caseinate, whey protein, whey protein concentrate, whey protein isolate, whey
protein hydrolyzate, demineralized whey protein, milk protein, soy protein, soy protein
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Prinkkila in U S. Pat. No. 4,853,237 discloses a fitness drink powder

contai ning glucose polyner, various salts and fruit acid. The drink

corrposi t iwo 20f1/1R032mkki l a is desi gned to be avail abl e t opChasbedpsicno an
optinmu n,_add
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t ranspor e sys in US Pat. No. 6,039, 987
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No. 5,397, 786 disc es a reh ation at cont a| 25" car bohydr at e,
var i ou&halrwerleﬁwtaeee and sonestamean aramathoathezmﬁrutwtah cammnmnt dihe,use of
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b evor age AL b SR dhe ol SOTER R RS BT O8S o EiArGed ddsThéry,

4,874, Qﬁﬁil|t9—t@ﬁ1eah@Wlklohalpé‘tﬁﬁfﬂd)s@érﬁww WRE Mereset Ble u§er'sn§ﬂ>¢%dn iuBirdhe
beverage to increase the degree of gastric enptyi
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or d8es ol FHE o felle” SERHES catyE o FuMHECE PR el bl b pafane” >
Sel evatahdrgascipn@nsH @sanberry, giPeortbrydew, padridy ukiad, RPET! imel herangé el
tenperature for the_ el ectroki net| c production of the biologicall y active
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gggﬂgcgdéﬁ?tcl)&fflg:gﬁ]déis?io‘ﬁg!:%ﬁlegé(rgﬁfé, '?a aﬁellgg\:ﬁé‘élbpl%' R for aBRHa flvEl &t d Rt

color for a cherry flavor. The colorant component is selected from the group consisting

of water soluble natural or artificial dyes that include FD&C dyes (food, drug and

cosmetic use dyes) of blue, green, orange, red, yellow and violet; iron oxide dyes;

25 ultramarine pigments of blue, pink, red and violet; and equivalents thereof. The dyes
discussed above are well known, and are commercially available materials, with their
chemical structure being described, e.g., in 21 C.F.R. Part 74 (as revised Apr. 1, 1988)
and the CTFA Cosmetic Ingredient Handbook, (1988), published by the Cosmetics,
Toiletry and Fragrancy Association, Inc.

30 Different compositions for beverages have been described in related references.
U.S. Pat. No. 3,657,424 to Donald et al., issued Apr. 18, 1972, teaches a citrus juice
fortified with sodium, calcium and chloride ions beyond what are naturally present in the
juice. The ions are added to supplement the requirements of individuals having
diminished amounts of these substances present in his or her body fluids. This patent
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el 80t rqjerrmeisi of ﬁuudl depldion @e. pdaasipie d2pletion. The beverage contains potassium
ions, calcium ions, magnesium ions, and sucrose. The amount of sucrose present
ranges from 5 to 10 ounces per gallon of the beverage. This patent is incorporated
herein by reference in its entirety, including for its teaching regarding the addition of
additional components.
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stability of the biol ogi ‘cal activity of the

2029/ 1 avdiopCToNEINg /iors efocalcium, magnesium and potassium. The beverage also
contains a sweetener and a stabilizer. This patent is incorporated herein by reference in

its entirety, including for its teaching regarding the addition of additional components.
U.S. Pat. No. 4,830,862 to Braun et al., issued May 16, 1989, describes
beverages and beverage concentrates supplemented with significant levels of
30 solubilized calcium and low levels of sulfate and chloride ions. They also contain acids
selected from phosphoric acid, citric acid, malic acid, fumaric acid, adipic acid, gluconic
acid, and lactic acid, as well as mixtures of these acids. This patent is incorporated
herein by reference in its entirety, including for its teaching regarding the addition of
additional components.
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V\a%g' ngib%ut 6% of sucrose and glucose. It also contains sodium, potassium, chloride, and
phosphorus. The drink has an osmolality in the range of between 280-360 mOs/liter.

Exceed.RTM. Fluid Replacement & Energy Drink, marketed by Ross
Laboratories, contains about 7% of glucose polymers and fructose. It also includes
sodium, potassium, calcium, magnesium, and chloride. The drink has an osmolality of

20 250 mOglliter.

Quickkick.RTM., marketed by Cramer Products, Inc., contains about 4.7% of
fructose and sucrose. The drink is also provided with sodium, potassium, calcium,
chloride, and phosphorus. The drink has an osmolality of 305 mOsl/liter.

Sqgwincher.RTM. the Activity Drink, marketed by Universal Products, Inc.,

25 contains glucose, fructose, sodium, potassium calcium, magnesium, phosphorus,
chloride, and Vitamin C. The drink has an osmolality of 470 mOsl/liter.

10-K.TM., marketed by Beverage Products, Inc., contains sucrose, glucose,
fructose, sodium, potassium, Vitamin C, chloride, and phosphorus. The drink has an
osmolality of 350 mOs/liter.

30 USA Wet.TM., marketed by Texas Wet, Inc., contains sucrose, sodium,
potassium, chloride, and phosphorus. The drink has an osmolality of 450 mOs/liter.

Additional patents that disclose adding components to drinks include United
States Patent No. 5,114,723 to Stray-Gundersen, issued on May 19, 1992; United
States Patent No. 5,891,888 to Strahl, issued on April 6, 1999; United States Patent
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and essential salts. The composition is said to enhance energy stores. In addition, the
composition does not require preservatives. The mixture of glucose and fructose used
in the composition produces rapid transport of glucose out of the digestive system while
fructose is more slowly transported out of the system.

20 Strahl in U.S. Pat. No. 6,039,987 discloses a composition to prevent dehydration
and prevent cramps which contains electrolytes, carbohydrates and quinine.
King in U.S. Pat. No. 5,780,094 discloses a sports beverage containing a
saccharide in the amount of 1.25% weight to volume of glucose.
Simone in U.S. Pat. No. 5,397,786 discloses a rehydration drink that contains
25 carbohydrate, various electrolytes and one ammonia neutralizer such as aspartate,
arginine and glutamate.
A flavored and sweetened aqueous dietetic beverage used to rehydrate the body
is disclosed by Boyle in U.S. Pat. No. 4,874,606. L-aspartyl-L-phenyl-alanine methyl
ester is included in the beverage to increase the degree of gastric emptying.
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Day 3 Day 4 Day 5 MT WTh F VQ2max 1 G oup A VO2max 1 G oup B Exhaustive
Test G oup A Exhaustive Test Goup B 10-12 subjects 10-12 subjects
Schedul e wo 2pai/148524. 5 hr bl ocks PCT/US2011/035649

EXAMPLES
Example 1
(According to particular aspects, producing biologically active electrokinetic fluids is
enhanced by processing the fluids as described herein at low temperatures and/or
5 elevated gas pressures)

According to particular aspects, the optimal temperature for the electrokinetic
production of the biologically active electrokinetic aqueous fluids is at a temperature
between about -2°C and about 10°C, between about -2°C and about 5°C, between

10 about 0°C and about 5°C, and preferably at about 4°C or a temperature equivalent to
the maximum aqueous density of the fluid being processed (as the maximum density
may vary somewhat with the salt concentration of the aqueous fluid). In particular
aspects, the optimal temperature for the electrokinetic production of the biologically
active electrokinetic aqueous fluids is at about 0°C to about 4°C, 0°C to about 3°C, 0°C

15  to about 2°C, 0°C to about 1°C, 2°C to about 4°C, or 3°C to about 4°C.

In additional aspects, the optimal temperature for the electrokinetic production of
the biologically active electrokinetic aqueous fluids is at the temperature of highest
density of the aqueous (e.g., water or saline) fluid (e.g., 4°C). For pure water this
occurs at about 4°C, and is 1.0000 g/cn? plus or minus 0.0001.

20 Without being bound by mechanism, the optimal temperature for producing
biologically active electrokinetic fluids likely coincides with providing a water structure
that unexpectedly (with respect to water structures present at other temperatures or
temperature ranges) facilitates the formation of charge-stabilized oxygen-containing
nanostructures according to the present specification.

25 As appreciated in the art, the maximum density of water occurs at about 4°C,
with the density falling with decreasing or increasing temperature. According to
particular aspects, this temperature density profile indicates that prior to freezing, there
is a unique water structure that occurs at or near the maximum density, and/or between
the freezing point temperature of the aqueous fluid and the temperature of maximum

30 aqueous density of the fluid, wherein said unique water structure optimally facilitates
the formation of charge-stabilized oxygen-containing nanostructures according to the
present specification. In particular aspects, this may reflect a water structure providing
hydrogen bonding that is similar to, or required in the hydrogen bonding in the aqueous
hydration shells of the charge-stabilized oxygen-containing nanostructures according to

35 the present specification.
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Schedule in pairs 2 hr blocks 9:00 -10:30 7:00-9:00 10: 30-12: 00
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3: 00- 5: O0WB:2001/1r40£2430 (opti onal) PCT/US2011/035649
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In further aspects, optimal production of biologically active electrokinetic
aqueous fluids comprises introduction of gas at elevated pressures, including at
elevated pressures in combination with the optimal temperature parameters discussed
above. The standard atmosphere (atm) is a unit of pressure defined as being equal to
101,325 Pa or 101.325 kPa (e.g., 0.101 Mpa, 760 mmHg (Torr), 29.92 in Hg, 14.696
PSI, 1013.25 millibars). In particular aspects, the gas (e.g., oxygen gas in introduced
into the mixing chamber of the electrokinetic mixing device at a pressure of at least 0.5
psi, at least 15 psi, at least 30, at least 45, at least 60, at least 75, at least 90, and
preferably a pressure is used that is between about 15 psi and 100 psi. In particular
aspects the oxygen pressure is at least 35 psi. In particular aspects, there is a gradient
of pressure across the rotating mixing chamber from one end to the other (e.g., from 25
psi to 15 psi, with a 10 psi drop across the device), where such gradient may comprise,
for example, pressure gradients within the range of about 0.5 psi and 100 psi, or within
a sub range thereof.

In particular aspects, feature-induced cavitations of a rotating mixing device
having an array of features (US2008/02190088 (now U.S. 7,832,920),
US2008/0281001 (now U.S. 7,919,534); US2010/0038244, W0O2008/052143,) provide
for elaboration, within the mixing chamber, of discontinuous cavitation-induced
pressurization-depressurization events localized at or near the features during
electrokinetic fluid processing. In particular aspects, elaboration of discontinuous
cavitation-induced pressurization-depressurization events with the mixing chamber is
combined with introduction of oxygen to the mixing chamber at increased pressure as
described above.

In particular aspects, oxygen is introduced into the mixing chamber of the
electrokinetic mixing device by introducing liquid oxygen into the mixing chamber of the

electrokinetic mixing device.

Example 2
(The stability of the biological activity of the disclosed electrokinetic aqueous fluids was
shown to be temperature dependent)
RNS60 modulates the expression of IL8. RNS60 is produced when isotonic
saline is processed through the disclosed electrokinetic mixing device under 1
atmosphere of oxygen back-pressure, resulting in an oxygen content of 60 ppm. In

order to test if RNS60 has additional effects on the bronchial epithelial cells, we tested
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5:00-7:00 (optional) 25Subjects mai ntained hydration, carbohydrate intake
and exercise levels during the study. WO 2011/ 140524PCT/ US2011/ 035649 Test
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Results. The experiments were repeated three times and representative data is
shown here. Figure 47a shows that RNS60 regulates DEP—induced IL8 secretion.
HBEpC were pre-treated with 10-30% NS or RNS60 for 1 hour, then stimulated with
100ug/ml of DEP and incubated overnight at 37°C, supernatants were harvested and

15 IL-8 ELISA was performed. Averaged data from three replicates are shown here.

Figure 47b shows that RNS60 regulates rTNFa induced IL8, and it retains its
biological activity at room temperature for days. HBEpC were pre-treated with 30% NS
or RNS60 and stimulated with 100ng/ml of rTNFa as described above, supernatants
were harvested and IL-8 ELISA was performed. Averaged data from three replicates

20 are shown.

As shown in Figures 47a & b, RNS60 significantly suppresses DEP or rTNFa
induced IL-8 secretion by primary human bronchial cells. Moreover, the biological
activity (IL-8 efficacy) of RNS60 can be reversed, at least in part, by leaving the fluid at
18-22°C (room temperature) for 8 to 10 days as demonstrated by figure 47b.

25 According to particular aspects, therefore, once produced, the stability of the
biological activity of the disclosed electrokinetic aqueous fluids is also temperature
dependent. According to particular aspects, the optimal temperature for the stability of
the biological activity of the disclosed electrokinetic aqueous fluids is at a temperature
between about -2°C and about 10°C, between about -2°C and about 5°C, between

30 about 0°C and about 5°C, and preferably at about 4°C or a temperature equivalent to
the maximum aqueous density of the fluid being processed (as the maximum density
may vary somewhat with the salt concentration of the aqueous fluid). In particular
aspects, the optimal temperature for the stability of the biological activity of the
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t he sponsor. 24-hr urine collection for total volune, creatinine clearance,
osnolarity and urine electrolytes was collected prior to starting beverage,
prior to wehaustize exercise and 24 hrs after exercise. pepSisadilssiceal
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refers 680 {ood Lactate |l evels. Lactate in the blood can be correlated with
t he accunul ation level of lactic acid in nmuscle tissue. Results: In Table 4
and Fi gure 48 pdrtlcaﬂamasge&ﬁspMstabmncohmreoblol(ogmw ettty ofktheatlectrddirmatizatige)
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dlrectlono the e t was favorable direction in a areas (positive
f or VO2xygen-aoeyaisinghéad vBIRENE.r at i ng of percei ved exertlon) negative for
| actate). The RPE had the nost substantial 10shift, and is the npbst

rel evant factor for exercise perfoEMAMPLE 3 Docunenti ng performance

I npr OVG('%rrhbﬂbuél £l Yof bfé%tr%ﬂ%eﬂ@élw pr%éésé& fl@ibs Ohe(ﬁ.ﬁ‘ﬁéﬁ @xéﬂbus’%oﬁérﬁ‘érrﬁ%fridénce-
Measur enents such as V02 r@%%@ove\\,’(ﬁ%e adﬁrﬁ@ﬁét?até u ts are ml
rea

per1§ua3|ve but performance ata 1s noves’ at hl et es, coaches and
sports scientists.
Qverview:

Athletic performance is determined by many parameters that include age,
genetics, training, and biomechanics. In addition, optimized diet and hydration are
important factors in achieving and sustaining maximal performance. Beverages

20  currently available in the market place aim at boosting performance by additives that
include electrolytes, proteins, carbohydrates, or caffeine. Particular aspects of the
present invention provide an innovative approach to athletic performance enhancement
by offering a product that protects muscle cells through charge-stabilized nanostructure
(CSN) technology.

25 CSN-containing fluids were generated using Applicant’s proprietary process that
involves Taylor-Couette-Poiseuille flow in the presence of oxygen.

The effects of electrokinetically-processed water on human treadmill exercise
performance was evaluated by Seattle Performance Medicine, Seattle, Washington.

According to particular aspects, therefore, daily consumption of RSB prior to

30 strenuous exercise improves performance and enhance training adaptation.

Materials and Methods:

RSB was produced using a proprietary pump involving Taylor-Couette-Poiseuille
flow in the presence of oxygen as described herein. The test fluid was an
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15 TABLE 4 Average Changelargest Largest ChangeChange Tot al PRPR VO2max 2-1
-1.078 -1.826 -0.267 -7.540 -5.380 RP E 2-1 -0.260 0.250 -0.813 1.500
-2. 000 Lawbaba/desk4 PCT/US2011/035649

electrokinetically-altered purified water (BEV-A) processed as described herein (see

also US2008/02190088 (now U.S. 7,832,920), US2008/0281001 (now U.S. 7,919,534);

US2010/0038244, WO2008/052143). The dissolve oxygen concentration (D.O.) for the

test fluid was 52.4 ppm. The control (negative control) was a corresponding, but non-
5 electrokinetically-processed purified water.

A double blind, randomized crossover study, was performed wherein 25 fit, male
subjects (age: 18 to 35 years) consumed either RSB (CSN-containing fluid; BEV-A) or
purified water (PW) as control for 2 weeks followed by a 60-minute treadmill exercise at
75% maximal oxygen consumption (VO,max). VOmax was determined according to

10  the Modified Astrand protocol and rating of perceived exertion (RPE) was recorded
according to the Modified Borg Scale at 15 and 50 minutes. Plasma markers of skeletal
muscle breakdown, myoglobin and creatine kinase (CPK), were measured by ELISA. In
addition, plasma concentrations of selected cytokines were measured with a Luminex
52-plex cytokine assay.

15 Consent forms, dietary and exercise protocols and diary workbooks were
provided to all subjects. Prior to consumption of the study test and control beverages,
Groups A and B consumed the same non-electrokinetically-altered “washout” beverage.
Group A subjects began to consume their respective washout beverage one day before
Group B and consumption of washout beverage continued for approx one-month prior

20  to the start of the comparative study.

Group A and B subjects consumed their respective alternate beverage for 2

weeks.
Table 3
Day 1 Day 2 Day 3 Day 4 Day 5
M T w Th F
VOomax 1 VOomax 1 Exhaustive Test Exhaustive Test
Group A Group B Group A Group B
10-12 subjects 10-12 subjects
Schedule in pairs 1.5 hr blocks Schedule in pairs 2 hr blocks
9:00 -10:30 7:00-9:00
10:30-12:00 9:00-11:00
12:00 -1:30 11:00-1:00
2:00-3:30 1:00-3:00
3:30 — 5:00 3:00-5:00
5:00 — 6:30 (optional) 5:00-7:00 (optional)

25  Subjects maintained hydration, carbohydrate intake and exercise levels during the

study.
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-0.808 -0.423 -1.225 -2.380 -4.850 MEANSSTANDARD DEVI ATI ONST- VALUE
20vo2max: 82163. 11911. 3170 RPE-.52001. 1248-2. 3115

| act at e: -wB@dPL46895- 0. 9246 25T-test concl usi ons: vo2marcTisté 188969

confi dﬂcgn @ge_ expected value of (R-P) will be in [-.0006,1.6438]. Wth
95% co © the expected value of (RP) will be in [-.4660,2.1092]. WO

2011/ 140524 RE g UoABrb L ARS Bkt Artidies wéké Bidedumast rdegeaied Ben@GRst BeCival ue
of (RRP) will be in [-.9843 0557] . Note that the expected value of R-Pis

negat i \aotig msgabeledr@ﬁ iors e, Of ra@nEaeturewith tBedales ey denfdentialy expect ed

val ve dretiiBa i e 3fohsbre Ele BBl ald bural GO0 WP EfupdBagEDEc: &

t hegef ahe subjeetPans kBpt giigsthicepivrtosebsumptioal utility for enhancing
exerci se performance and recovery.

Study subijects:
The study subjects were males between the ages of 18 and 35, having varying

levels of fitness. The subjects were determined to be in good health with no pre-
10  existing conditions and on no medications. Diet and activity levels were standardized

prior to the start of the test article consumption.

Blood Samples:

Blood samples were taken for lactic acid at 20, 40 and 60 minutes (just prior to

15  the end of exercise) during exercise. Venous samples were drawn prior to each
beverage cycle, just prior to exercise, at 30 and 60 minutes after the start of exercise,
and then 24 hrs after the exercise was completed. These samples included a cbc,
complete metabolic profile, magnesium, calcium, phosphorous, myoglobin, lactic acid,
CPK, CRP and Luminex cytokine analysis. Luminex samples were analyzed for

20  cytokines including IL-1b, TNF-a, IL-6, IL-8, INF-g, IL-4 and others as determined by
the sponsor. 24-hr urine collection for total volume, creatinine clearance, osmolarity
and urine electrolytes was collected prior to starting beverage, prior to exhaustive
exercise and 24 hrs after exercise.

25 Statistical Analysis:

Statistical analysis was stratified based on VO, Max (as example: 25-40
ml/kg/min and 41-60 ml/kg/min) and also examined as a whole.

VO, max, or maximal oxygen uptake, is one factor that can determine an
athlete's capacity to perform sustained exercise and is linked to aerobic endurance.

30 VO, max refers to the maximum amount of oxygen that an individual can utilize during
intense or maximal exercise. Itis measured as "milliliters of oxygen used in one minute
per kilogram of body weight."

RPE refers to the rating of perceived exertion, wherein a visual analog scale was
used to assess perceived fatigue (i.e., maximal exertion), at the end of the VO2 max.
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In particular aspects, the present invention has substantial utility for
mai ntai ning, and in sonme aspects nornalizing, a reduced oxygenated bl ood
| evel in wo0nimwd24subsequent to a bl ood oxygen-| oweri ngcefdseat/oasss vi ty,

such as what, typically,occurs in 0 an ani mal u as a human fter an
oxygen: coneddedatars 19 ot rtate 18R 2 8bERe s gadops ofip BEBHeilel

physi ol\gieh s Adcummaatisrvel eReaieheioSnd@sdy Rssidd | y attendant an increase
in physical activity, stress or other fatigue-inducing event. In
parti culgyg fspects, changes in heart rate, oxygen saturation, blood

| act at e, oxygen consunption, and fatigue assessnent by a patient in
response to la debiendd HmeX&FHiguree48edPirecomesponitiay to ajdnyrol nipoovetelctedKimstic
consunm ng a defined quantity of the electrokinetically-altered fluids

rel &t i \REVERAQRIATPWP: Fich-Re| €RFEBRIMHES focirIgledlakinalle kevarage test groym
particul ar aﬁgae t t. 4 Qv i - I @l [ L r

i nhibiting an /gérﬁg&(g% ﬁéggeﬁgebtéld(}’f'%gt [%gu@glén@qﬁ@%{ﬁ I%F%%éalr)%\?%rgbgrhad
aspect san effbtieoh salc8nsaraimge! 6 bxoiciseepbdadrhandd, tafd thanxieediedatidn diuitds
have a | esser drop in oxygen saturation 20conpared to subjects consum ng
el ect r sfasbtwasafavprable «icagtionygedllaB eareas Upasitive for VQonmgxr negalive fasBeér s,

the present ¢ ositions and et hods, have substantial, utility faor .
i bi TG PP R e AR Il BT eV ERORER nibUle Mbst Shpstantial
at yendaghift THHERIR tR Pt $8levARY fabRA 6 EMbrBide Pepfop@anpess, and for reducing
| actic acid accurmul ation in muscle. 25In particul ar aspects, the present
conposi t i onsPDecumenting gerisavansabisneroveienttis| icajly f the readueoimy aowl/ of all
inhibiting the onset of fatigue in response t ercise in h n.

| par (PEGREH SpRasStiae: HMESeUBT NS SUPE S LTEraie nisty ThB IS resuts
subst ant khahidit inkbt i i L Shi i:hab, in
The bl ohg LA Ret s Bl oA RieRo il B WhEP| RN oM B S NP R,
pr epar adpooisscienti®t2011/ 140524PCT/ US2011/ 035649 EXAMPLE 4 (Consunpti on of
t hgsdi scl osed Sports Beverage Altered Markers of Exercise Performance and
Cardio-r%%ﬁﬁrjiory Fi t ness)

Largest Largest

Average Change Change Change

Total P R P R
VO,max 2-1 -1.078 -1.826 -0.267 -7.540 -5.380
RPE 2-1 -0.260 0.250 -0.813 1.500 -2.000
Lactate 2-1 -0.808 -0.423 -1.225 -2.380 -4.850
MEANS STANDARD DEVIATIONS T-VALUE
20 vo2max: 8216 3.1191 1.3170
RPE -.5200 1.1248 -2.3115
lactate: -.3679 1.9895 -0.9246

25  T-test conclusions:

vo2max: With 80% confidence, the expected value of (R-P) will be in [-.0006,1.6438].
With 95% confidence, the expected value of (R-P) will be in [-.4660,2.1092].
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5 Overvi ew. Currently avail abl e beverages designed to boost
performance contain additives that include electrolytes, proteins,
car bohydrwbasn/ﬂnszaaffel ne D| scl osed here| n | s a novel pemmso(aqmssmsnvi di ng
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flowin the presence of oxygen. Applicants h ve F%)rew ously denonstrated
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Appli cants ||ﬁ\{ﬂ$ﬁ¢lﬂ@{ @sbeait@tth@preyeait ir@nsionlasaubefantippliiitg fdramhafening,

a water beverage processed in a simlar nmanner to RNS60,
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pl ace aﬁ'%t&tklfﬂﬁiﬁﬁﬂvﬁemfﬂwdﬁﬁﬁ@@Y%O aentralinpeselepiaekinelicaliealiered fluigh yt es,
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[ 5] utl|l’£_)y foﬁ?é@@rﬁ@lénéﬁe‘?rrﬂhﬁlﬂn@@ﬁe bass: Fhatgus d eBgurse B Exdreisens a
response[ 6] . Anong the cytokines rel eased from skel etal nuscl e,
i nt er | dUKNAN.6 (I'L-6) has been reported to 15 undergo the nost rapid and
profound uPrERA & addcls Hhe pldscit B ARERRNSUABERE AR ALER Al
anti-infl ammato resp ohse tha nay be rmvolved 1'n prevéenting excessive

tissue u:tmt;af@e|ric%asubgrandtorhaplealmg:)awIdbllmkwgdmnqaewicaid $tedargly and
under per f or mance syndrone ( overtraining syndrome), a syndrome that
i's Qhar%‘ﬁém'%ﬁ‘%&%ﬂf@eﬂdﬁﬁ%@%% feickPrePaRlioNsr mance i npr overent
to signs of clinical 20 depression [10,11]. In two independent treadml |
exerci se studies, plasma levels of IL-6 have been |inked to VO2max and RPE:
inthe first study, IL-6 levels were inversely correlated with VO2max [12],
whereas in the second, the lowering of plasma IL-6 |evels induced by
consunption of a carbohydrate beverage was associated with a | ower RPE

[ 13].
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25The response of other cytokines to exercise is |l ess well studied.
Circulating |l evels of soluble CD40 ligand (5CD40L, CD154) have been
report ed wo 2bei/14033@r ed by ul tra-endurance exerci se in avrblratsesi 1jodstho and
noderate exercise in heart failure patients [15]. CD40 and its ligand are
involved in inflammatory processes BEXAMPLE 4#scl erotic pl ague and the

devel opnent ' ' Lo . ond 30
de e PNt RinstiHiondd tﬁ@Wﬂ’ctéséd*@%ﬁéséee%@%mba,mgkw@r ERfcisB

dentified | - 0 - : acute coronary
syndronme [16]. Col ony- ﬁrﬁnﬁw&ﬁ ﬁgrg# ac%@#@rﬁﬁdaﬁ(ﬁﬁ:dwﬁgc)r ophage

colony-stinul ating factor (M CSF) have been shown to be upregulated in
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1.5 L h [ TH YIRS i
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Athletic performance is determined by many parameters that include age,

30 genetics, training, and biomechanics. In addition, optimized diet and hydration are
important factors in achieving and sustaining maximal performance. Beverages
currently available in the market place aim at boosting performance by additives that
include electrolytes, proteins, carbohydrates, or caffeine. Applicants have developed an
innovative approach to athletic performance enhancement by providing fluid
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WO 2011/ 140524PCT/ US2011/ 035649 required subjects to conplete a 10-m nute
sel f-paced warmup before beginning the first stage of the test, which
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are unknown at this time. Based on the increasing recognition of exercise effects
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the paired analysis of Tgroup tri 1 and RB
i n30ri ahcrgasing by 2.5% incline per stage). Subjects who required greater than 8 mph

velocity used the Costill and Fox protocol (8-9 mph and increasing by 2% incline per
stage). All tests were completed on Precor Treadmills under standard laboratory
conditions of temperature (62-67°F), pressure (700-715 mmHg) and relative humidity

(30-40%). Prior to each test, the equipment was calibrated. The exercise protocol
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volume, creatinine clearance, osmolarity, and urine electrolytes were collected prior to

starting beverage, prior to exhaustive exercise and 24 hours after the exercise.

25 Resulis and Discussion:

RB consumption improved VO.max in experienced athletes. Twenty-five fit male
subjects (age: 18-35 years) were randomly assigned to the study groups. The study
groups comprised individuals with a regular training history as well as more sedentary
individuals, with a mean VO.max of 53.4 mL/kg/min. A comparison of VOo.max values

30 within the entire study population did not reveal a difference between subjects receiving
Applicants’ Sports Beverage (RB) and subjects receiving normal, purified water (PW).
However, when study subjects were analyzed based on their beginning fitness level, a
5% improvement in the subgroup with a VO.max above 60 mL/kg/min was observed
(Figure 50A). The difference did not reach statistical significance, likely due to the
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Applicants did not neasure significant differences in plasma IL-6 |evels
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BDNF is a nmenber of the neurotrophin famly that is expressed at high
levels in the brain and in the peripheral nervous system[34]. BDNF has
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consumption. To avoid skewed data based on an insufficient washout, we excluded
study group 1 (RB first) from further analysis and instead analyzed group 2 (PW first)
only. All data shown below therefore represent the paired analysis of group 2

30 individuals consuming PW in trial 1 and RB in trial 2.

RB consumption lowered plasma myoglobin and CK levels. When the study
subjects consumed PW, circulating myoglobin levels increased during exercise,

peaking at a 2.8-fold elevation (absolute mean increase: 73 ng/mL) by the end of the
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Wilcoxon signed rank test.

15 Figure 53 shows time point differences in plasma CK levels. Data are presented
as differences (mean = SEM) between two time points as indicated by the labels of the
x-axis. DO = day before start of beverage consumption, PE = time point immediately
prior to starting the endurance exercise, 30min = 30-minute time point of endurance
exercise, 60min = 60-minute time point of endurance exercise (end of exercise), 24h =

20 24 hours after completion of the exercise. P-values were calculated by Wilcoxon signed
rank test.

According to particular aspects, therefore, the reduction of plasma myoglobin
and CK levels indicates that muscle damage after exercise is attenuated by drinking
RB.

25

Effects of RB consumption on plasma cytokine levels.

IL-6. Across all study groups, circulating levels of IL-6 were low, with a modest
maximal increase of ~2-fold, from 3.97 £ 7.79 (SD) pg/mL before the exercise to 8.30 +
8.14 (SD) pg/mL by the end of the exercise (p<0.0001). While others have reported

30 post-exercise IL-6 levels to increase up to 100-fold [24], higher exercise levels and/or
longer exercise durations are typically needed to achieve an increase of this magnitude.
In several published studies, for example, running for a period of 2-3 hours was
associated with maximal IL-6 levels in the range of 40 pg/mL to 120 pg/mL [7,13,25].
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(IFN-a) and epithelial neutrophil activating protein 78 (ENA-78) (Figure 54).

Figure 54 shows that RB inhibited the exercise-induced increase of plasma

levels of IFN-a (A) and ENA-78 (B). Data are presented as differences (mean + SEM)

15  between two time points as indicated by the labels of the x-axis. DO = day before start
of beverage consumption, PE = time point immediately prior to starting the endurance
exercise, 30min = 30-minute time point of endurance exercise, 60min = 60-minute time
point of endurance exercise (end of exercise), 24h = 24 hours after completion of the
exercise. P-values were calculated by Wilcoxon signed rank test.

20 Both cytokines increased 24 hours after completion of the exercise trial that was
performed after 2 weeks of PW consumption; however, this increase was absent when
the subjects had consumed RB (Figure 6). IFN-a is a cytokine with a broad range of
anti-proliferative activities [28]. Similar to IL-6, elevated levels of IFN-a have been
linked to fatigue and depression [29,30]. Because IFN-a induces IL-6 [31], these

25 effects of IFN-a may in part be caused indirectly. ENA-78 is a chemokine of the IL-8
family that has similar effects to the ubiquitous IL-8: it attracts neutrophils and thereby
promotes inflammation [32]. Elevated ENA-78 levels are found in blood and synovial
fluid of rheumatoid arthritis patients and have been associated with disease progression
in Crohn’s disease, ulcerative colitis, acute appendicitis and chronic pancreatitis [32].

30 ENA-78 expression has been shown to increase in injured skeletal muscle [33], and the
inhibition of plasma ENA-78 by RB therefore is consistent with the protective effective

suggested by the myoglobin and CK data.
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123-131. BDNF is a member of the neurotrophin family that is expressed at high levels in
the brain and in the peripheral nervous system [34]. BDNF has diverse effects on
neuronal cells, including growth, differentiation, and repair [34], and has been
suggested to be a pro-angiogenic factor in ischemic tissue [35]. BDNF has also been
20 reported to act as a natural anti-depressant [36,37] and has been associated with the
beneficial effects of exercise on memory function and depression [38,39]. In contrast to
these positive effects, high BDNF expression in coronary arteries has been found in
patients with heart disease and has been suggested to contribute to plaque instability
and unstable angina [40]. How to interpret the reduction of BDNF after RB consumption
25 in our study is not clear at present. Of note, however, the study subjects with the
highest plasma concentrations of BDNF also had the highest concentrations of ENA-78
(data not shown). One might speculate that post-exercise increases in BDNF, could be
linked to the increase of pro-inflammatory factors such as ENA-78 in a similar fashion to
the one that has been hypothesized for IL-6, TNF-a and IL-1B [9]. In other words, the
30 presence of factors that counteract a damage response may not be needed if the

damaging factors are not released in the first place.

sCD40L. In contrast to IFN-a, ENA-78, and BDNF, all of which showed
increased plasma levels 24 hours after exercise, sCD40L showed a difference at earlier

time points that was lost later on (Figure 56). While sCD40L levels increased from the
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In summary of this Example. According to particular aspects, Applicants’ Sports
Beverage (RB) favorably alters the response to exercise. The study demonstrated
15  promising trends caused by RB consumption. Most importantly, VO.max appeared to
be elevated in highly fit subjects, whereas lesser-trained subjects showed a trend
towards a lower RPE. At the same time, plasma myoglobin and CK, two markers of
muscle damage, were lower across both study subgroups.
References cited in this Example:
20
1. Mega TL, Ghosh S, German S, Burke LM, Diegel ML, et al. (2010) Anti-
Inflammatory Properties of Saline Altered by Controlled Turbulence. submitted.
2. Levine BD (2008) VO2max: what do we know, and what do we still need to
know? J Physiol (Lond) 586: 25-34.
25 3. Nerbonne JM, Kass RS (2005) Molecular physiology of cardiac repolarization.
Physiological Reviews 85: 1205-1253.
4. O'Sullivan SB (1984) Perceived exertion. A review. Phys Ther 64: 343-346.
5. Brancaccio P, Lippi G, Maffulli N (2010) Biochemical markers of muscular
damage. Clin Chem Lab Med 48: 757-767.
30 6. Pedersen BK, Akerstrém TCA, Nielsen AR, Fischer CP (2007) Role of
myokines in exercise and metabolism. J Appl Physiol 103: 1093-1098.
7. Ostrowski K, Hermann C, Bangash A, Schijerling P, Nielsen JN, et al. (1998) A
trauma-like elevation of plasma cytokines in humans in response to treadmill running. J
Physiol (Lond) 513 ( Pt 3): 889-894.
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recovery), using electrokinetically-altered purified water (test fluid),
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16. Varo N, de Lemos JA, Libby P, Morrow DA, Murphy SA, et al. (2003) Soluble
CD40L.: risk prediction after acute coronary syndromes. Circulation 108: 1049-1052.
17. Suzuki K, Nakaji S, Yamada M, Totsuka M, Sato K, et al. (2002) Systemic
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6-48.
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Production of interleukin-6 in contracting human skeletal muscles can account for the
exercise-induced increase in plasma interleukin-6. J Physiol (Lond) 529 Pt 1: 237-242.
20 28. Schnyder-Candrian S, Strieter RM, Kunkel SL, Walz A (1995) Interferon-
alpha and interferon-gamma down-regulate the production of interleukin-8 and ENA-78
in human monocytes. J Leukoc Biol 57: 929-935.
29. Dieperink E, Willenbring M, Ho SB (2000) Neuropsychiatric symptoms
associated with hepatitis C and interferon alpha: A review. Am J Psychiatry 157: 867-
25 876.
30. Malik UR, Makower DF, Wadler S (2001) Interferon-mediated fatigue.
Cancer 92: 1664-1668.
31. Kennedy RL, Jones TH (1991) Cytokines in endocrinology: their roles in
health and in disease. J Endocrinol 129: 167-178.
30 32. Walz A, Schmutz P, Mueller C, Schnyder-Candrian S (1997) Regulation and
function of the CXC chemokine ENA-78 in monocytes and its role in disease. J Leukoc
Biol 62: 604-611.
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EXAMPLE 5

(Beneficial effects of electrokinetically processed fluids on human exercise performance
and/or recovery following intense exercise)

25
Qverview:
Exercise-induce muscle damage in humans is widely recognized in the art (see,
e.g., Clarkson & Hubal, Am. J. Phys. Med. Rehabil. 81:5S52-S69, incorporated by
reference herein for its teachings on exercise-induce muscle damage).
30 According to particular aspects, a blinded (e.g., double-blind, randomized,

placebo-controlled, two-arm trial) exercise performance and recovery test is conducted
(e.g., to test the effects on extent of muscle fiber micro-injury and recovery), using
electrokinetically-altered purified water (test fluid), characterizing that the disclosed
electrokinetically-processed fluids have substantial utility for preventing tissue damage
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ap%Oprrlnaécﬁé soreness and dysfunction in human subjects using eccentric exercise. The
extent of muscle damage and recovery (e.g., the effects on extent of muscle fiber
micro-injury and recovery) is determined by analysis of serum biological markers of
muscle damage and/or recovery. In particular aspects, the exercise comprises a
single bout of enhanced eccentric exercise.
25 In certain aspects, muscle microinjury is measured. For, example, a
concentric/eccentric isokinetic exercise protocol for the biceps brachii muscle is used to
induce muscle microinjury (e.g., extent of muscle fiber micro-injury and recovery). As a
result of this exercise, subjects will display similar signs and symptoms associated with
a mild, sport-related musculotendinous injury. In certain aspects, exercise is
30 performed on a Kin-Com 500-H dynamometer (Chattecx Corp.). The subject (e.g.,
male and female adults between the ages of 18-35 years are included if they are
healthy, non-smoking, and free of nutritional or dietary supplements for a minimum of
six weeks) is seated and stabilized the same as for typical force measurements. In

certain aspects, the angular velocity is set at 30° s' for concentric actions, and 60°
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Functional neasures. |sonetric nuscle strength (peak force production) is
used as a neasure of overall armfunction. Synptons and inpairnments are
20neasure\d0ueilmg05messure pain rati ngs (al gormeter) and $’e|1“fU-SI2(ﬂpﬂ)B$649
functi ona uest i.annaij

f3 coI ection. Bl god fsa es_ar
col | ect®d Q/ﬁ % Qﬁéﬂrﬁlﬁ%?ﬂ?e'ﬂ Rettifuias 25PGCito rﬁ&%?ét”%ﬁm ?rﬁgeaﬁ)‘erﬁ*sﬁé? a
10- hr fp#é?set ﬁmfﬁeblqmn?ﬁ élbéhﬂ@ékl@ﬁr %ts%%'e@i&j ghd tﬁé@l%vﬂdl%%d wiHt er

separation, all specinmens are aliquot ed into the appropriate 25 nunber of
cryovi dhe alsigsaf dotgiion @éthﬂm@@nﬁ@mgumﬂctamly USiedbeirinondarunantram t he

ot ny ! onBhisi Gt attloo SRR i hchurstMafp ot UL A0 Reot B ARRNS [

10nE sefgivisiing 6f10 eeid Ub@&ep@tm@ﬁs WAt @39-9 resh@iy parioddsayeehegis.r e
di fferent bl ood collection procedures, two 10nL Vacutai nere cont ai ni ng

ei ther sodi UmGertaimagreeisnealyfargamroduainn sdapamvieshe1 exaPRles UFINGc ed.
Bl ood f f I
o T0CR 00 B Bty e e B B M oredR Tred ™™ Yoo

plasma i's a Ioc orage €s con
hydr oxydgrotuetion |eml=rﬁ')rnameal wluhﬂzﬂQ igorivitriendrdeOPrdduiedidetrimgl & naiscieaattion.

d (DTPA). DTPA, . h d, BHT
Chai n- BRRF AGAMFCADIERAE] BB BYE RPN IR BIrEnh GIB\AIGRA Brine 3648, Sl o5
ar 05t 6l YN AGASTRARIH UM RISAI L pTERnalah s 80 cora 9l e

aliquots (6 to8). Sanples sto |nrrut|p |quots - 0. m.) are thawed
only oraspests] eamhm@bmcﬁlppr@nmisyapwrahiy (.G pidcee) of maamlm@urqtammslometnc

oo b 0GR IS IR A Fold ok £l TRONARER TR IRy 2 ¢
5incl U%a‘kﬁ@rc@ﬂhll@ktoh@(lﬂ}mﬂ?ﬁé m@&hﬁ?e ]esb§|+nbnnslrr%@a dssihecickérenpararigleldy) |

and cryovial nunb eis into an Excel spreadsheet
by a |abﬁqa¢1§ﬁrnfdhgﬁe@@ib tﬂn@@@rfeatlonsmg |Trhq l@@@tmternsm@&tlmﬂm& ed to an

medsar deendd Bl 25 B Snd v B A BT o B st S B R anagal
l nf or meslbowrs@ntiek®nodictdegtimal availgbleraré@séiengosHH bﬁd{;mgl dwisticetestocedur es
are perfornmed: brief medical screen (height, weight, pulse, blood pressure

and bod?“@@ﬁﬁéﬁ dempesstratchod draw, subj ective eval uation of arm function,
mSJSC' e poi ntal &RYRGeSSadiftith SPEBL, iFe PakatE oTFGRR 5oduBRsY id fEper ature

steepest point on the slope of the force-time curve, and represents the muscle’s

20 ability to rapidly generate force or tension (N s™'). To calculate this value, raw data
from the force-time curve is typically reduced and displayed using an executable
program (e.g., Visual Basic 4.0), and test/retest reliability is demonstrated.

In certain aspects, pain perception and muscle dysfunction are assessed as
indicators of microinjury. Pain perception is, for example, assessed using an art-

25 recognized visual analog scale (VAS). The use of a VAS is known in the art to be a
reliable and valid method of quantifying pain perception. In certain aspects, the VAS
consists of a horizontal line (e.g., 10 cm in length) with 0 at the extreme left
representing “no pain” and 10 cm on the extreme right representing “pain as bad as
it possibly could be” for the biceps brachii muscle. Each subject is then asked to draw

30 avertical line at the point that most accurately corresponds to their perceived level of
pain with active flexion and extension of their involved arm.

In certain aspects, pain-free active range of motion (ROM) is used as a measure
of dysfunction. A standard, plastic goniometer may be used to assess ROM for elbow
flexion and extension. The goniometer approximats the axis of rotation for the
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15neasured to ensure that the subject is not running a fever. Subjects are
instructed to maintain current activity levels and not to initiate a
resi st anowotzoai/noszg or wei ght-1oss program for the durarcensediiobssist udy.

Subj ect re randoni ed to rou t est bever age/ Iaceb and

i nstruéﬁ% rge 'E?éﬂ@ﬂh%”‘?ﬁ Egs tﬁeﬂyy’g@ r@of&)r?ﬂrgbegéf ht Pi$a ﬁ‘}spensed
for thenagxtrelBviayse sﬁb@bﬁs@é@ﬁ%rﬁﬁtﬁélﬁaﬁn tSstmgfrin Fred dtoneil Sidéqy Fol ater.
20 Al pre-exercise and foI | ow- up neasurenents are conpared w th baseline

measur dgxion, subjects gia agkggieflex éheir oo de line pomijusieelorne discoaxertci se

P ocadunis PRlestls raFaEd. F ekol B5R BLPRuTROIAT n M iEa gl e' "
bl o6d pvessys gc@r@dsb@wrdé@ﬁm@é@te@eq) Pheedtatiorwneasiriedor paierfidaROM Ison of
arm function, nuscle point tenderness, and isonetric 25stren th nmeasur es.

Subj ect@'@%@tﬁ? &Vd%ﬂ@@%‘ngttﬁﬁdﬁﬁt@“%@@l 3§Prrﬂgir@”bt8§tﬂ%1‘°ré§%@ﬁt rBthrBeasrgsce
I
cxct o e g e, 5 2eBCeHAARES e bl o A baBR T o

nmachi ne S used e eccentric
exer cCi _STEIC[D(DiDILCW(pﬂI’O’[OEK)EI‘ cise weights for each subject re determ ned by

est abl i shi nq:thelr on ggt I tion maxi H’é\ %Q ﬁ ncentric or shortening
contracti on." OfRaYSHR t@a 8BH &fi AR pﬁﬁt WY RARART BRIR REECRERT 8Rth a
Co%e ”tcys%r?éﬂ@n%b' ar@ﬁé&ﬁtfo@eié?ﬁ’pree%mg?eywé@ ANOY AR r%ﬁé&fédﬂt i ons

being performed with wei ght being I ncr added unti |
reachedneEa@nessumamasstmnelpaom@mﬁldenﬁe (Kets) @ mdstfmd*aeci@trnorlobns of

| h hi h i val
o a0omBreuRERPIS S FarBbal bt ForaHe foRBneRg S Bitatatdy RaafEs Al mm
t ensi orpdriorRedier eX¥h d83dndAatiZEle b)ﬁ@@ﬂéﬂ@@ﬁ@%tﬁaeblfﬁﬁn tPalyxgs Buscl e.

SUbj ects are grven a one-m nut e rest perl od between sets. Exercise is not
per f or rHediangettakings Nk aeeaunt den beiweetsubjasiamany SIUaArEeAIrAMEaMEAaTes

durj ng ally - lengthening the
1 V\ﬁ I];ngastélcfb%h?ﬂ %rl{@SFﬁ %ﬁisﬁeﬁé R{J%%rr i%ﬁ? Cﬁe angul ar velocity wll

be set at 4Exéempty devsiled st désigand déutlieeling oaneeptréd, slagstid-ons.

Subjects will be given a one-mnute rest period between sets. The exercise

sessi orfQndiedsd) té’%%'afrﬁdﬂah'é designeaskto igvestidate te pretesiivreatiees of dhe tatl ow up
e o SBRne (orey) SRR SOREHLTRTBNAE (RUFbERRREN AR 200,
(e.g., awerd§e oRGarahohudtle faneticr fadldwieg apm'sgle ke rod ies@anced eccentrlc
20 exercise. Subjects (e.g., male and female adults between the ages of 18-35 years are
included if they are healthy, non-smoking, and free of nutritional or dietary supplements
for a minimum of six weeks)are randomly assigned to either a test beverage group
(n=20) or placebo control group (n=20). The effects of the test bev. are compared to
the placebo control. Subjects are required to complete a 21-day supplement trial
25 spanning pre-supplement baseline testing, a controlled water beverage
supplementation regimen, pre-exercise baseline testing, eccentric arm exercise to
induce muscle damage, and planned follow-up post-exercise data collection time
points. A “between subjects two-arm trial design” is preferably chosen over a “within-
subjects cross-over design” in order to prevent the influence of confounds due to
30 repeated bout effects. The repeated bout effect is a phenomenon characterized by
less muscle damage, inflammation, delayed-onset muscle soreness (DOMS) and
strength deficits after the second of 2 separate eccentric exercise bouts performed in

close proximity usually within days to weeks.
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Data anal ysis. Data are analyzed using a two way ANOVA with repeated
nmeasures on the second factor (tine). Qutcone neasures are anal yzed using a
two (growsp2oy/fiosn (tinme) ANOVA. Statistical significamrcenssosesseas

0.05. If sj | fi . 15i ' . . the Tuk - '
Csed to roveadladiiand JeEsRERltaat Gtlerial MRg AiStala)e a80ks b3S e
usi ng SRSIgesiir 8MBRdRwes Afe thd RN thé\f are RBARRAE hor-5hmokifRs Wricsfree of

20According to particul ar aspects, the ‘el ectrokinetically-processed fl uids
have subgtibenalar dietary syppemenisvienaimipiunapf sixiveeks)/ Bugplements ingluge

exor o SN EDoETRAGE 1P Sobki SoRNHRE. BREABAR BedRRRAMGILE! | Tati ng
nusel e S@sjonerate foxeidendr tieyehdve. iihen BVORRUIN G RYeILivisiyht-Painingplogram from

i ntense exercise. 25In certain enbodi nens, the el ectrokineti calgzig-gr ocessed
f1ui ds WHvR the st éH‘tWﬁPk%thaViet%/p'f'%rrh'ﬁF%Vé’ﬁtrlJWg tartha nestsi %hqq{@?rr%ro%l PWg t he
ext ent : Mo ) =1 nj ! ver r eof .
Aocor i SgiaPhST3he o FEmMet Qrindetiohe nRShy s FBAABAANCRORKE OUrichel PEL o
have repogedsisardfiamiti-inflamnigtofyomediadtion vgitHim tmaldse Bavedksexer ci se- i nduced

muscl e injur e.g., 30creati ki nase (OK)). Accordi ng to. additional
napects, 't hel &t GEES RGOS0 | 16 BovEERO aniplansb 2L parkaas hin Sty
forlor edssi bl o1 Y AL AE TP BorEBBrosibed dose of he

2011/ 140524PCT/ US2011 5649 According to yet additional aspects, the
el ect r digvestye dbdiylepiday baedd onuihesohawimgsioddyt weighdlcaiegdriasy Farexarspler vi ng

et addt 1 PRIAF SRBEEwEY: AaoeT L 1o ri el dgpry 190 sheckbe i aeidhe o0 1 °
Ssubst ayi alooatibld s¥/dor preventing and/or aneliorating/reducing

exerci se-1 nduced tendon danage and/or enhancing/facilitating tendon
recovery fr dAves&ianakeampastrasxhsiays-are nigeddd teakagaumndeyels feccentri ¢

eX350L Sarklf iiod BARRGI1E: oREPERAIRN R PR BN AR Lo |
and/ or rewelivd pteihn ORP), ditorleskied L&), luedsitnaonesisffagier apeal (TNFRdprand/brexor
t endon’other cytokines or markers as appropriate.

Functional measures. lsometric muscle strength (peak force production) is

used as a measure of overall arm function. Symptoms and impairments are
20 measured using pressure pain ratings (algometer) and self-report functional
questionnaires.

Blood collection. Blood samples are collected via venipuncture in the early
morning (between 7-10am) after a 10-hr fast. Phlebotomy-trained personnel complete
all blood draws. After separation, all specimens are aliquoted into the appropriate

25 number of cryovials based on the proposed number of assays. Blood is taken from
the antecubital vein and collected into two 10mL Vacutainer® tubes containing
ethylenediaminetetraacetic acid (KsEDTA; 8.4 mg/Vacutainer®) or into two 10mL serum
collection tubes. Since various biochemical assays require different blood collection
procedures, two 10mL Vacutainer® containing either sodium citrate (3.2%, 0.109M)

30 and sodium heparin are collected. Blood is centrifuged at 4°C at 1500xg for five
minutes. For some analyses, plasma is allocated to storage tubes containing 100 uM
butylated hydroxytoluene (BHT), Trolox (100 uM) and 100 uM diethylenetriamine
pentaacetic acid (DTPA). DTPA serves as a metal chelator, and BHT acts as a chain-
breaking antioxidant to prevent lipid peroxidation ex vivo. Samples are stored
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10Achill es tendon is treated. According to yet additional aspects, t
el ectrokinetically-processed fluids have substantial utility for preventing
and/ or amgbizoriatsds2g/ r educi ng and/ or enhanci ng recovery fremnst@n@dss4st rai n

associ ated w chron repetitive no t o conprising.admnistration,
2% subj drinedalale PR Ein MU bFof HaPRLa sl IR iRt S SR B BelBie

15conpqsit2®m|gsardi thaveseshiprienandirimcdiment asaly-egifenh spechicevent and/ or
anel i orate and/or enhance recovery fromtendon strain associated with

chr oni Qiom@see! (Saneplasseliasted to one Axszedinay excle unalahoxsfsteasesaind as

el oot 1 derdl PR ERR Bt BRHRGRS Griobal BBIERRy Gy ebBEe pysipay and
20i Bpr aMtlngearerstiofsct PEriwnhben taite, VB 20kiddrdepasiRedrS20dy), 8aB&4PoWhAl M5

1. A nmethod for enhanci ng exercise performance, conprising admnistering to
a subj MMP@r.need thereof, an el ectrokinetically altered aqueous fl uid

conpri si ng %cf?sérﬂ&i&aﬁi&?@@@%&é@%b;’ée%sﬁgerﬁgﬁﬁggbftaqgﬁ kd&fflcian and

oxygen-contarning n vi ng an aver age

| amet er

of | esdrdZzesnatl-80 °Qam tookedrfreareds sdamdgted dnangmedjancy tdoaver anipplyagne ans
solution in an anount sufficient to provide for enhancing at |east one of
exer ci BB SY8leMnce and recovery tine, wherein a nethod for enhancing

exgpci se per\‘?@ftﬁa(@“a%eiiif%e AdRuASHenEO ga) T8, AcoQhb &t 2is8l edvmgéfjﬁ@

enhanci ng exerci se performance conprises’ reduci ng exerci sé-i nduce

he

to

i ncr eadise ofA pigasddnionfiedmeoatseny icotviakiatepli@viel any testihg. Slitg ®dowing 3.

The net hod

f claim2. wh ' he .. | se-ind d.. | nf |
eyt ok 1RIOFeSuiee DeRatiouli . B RSB Lhs condnaonhoveBhf i diofl ) pha”
15(1 515580 a@pbbdiPlonaberBRiby, omtd e, Bt Bvalaion dPartENGTE), and

brai n-derived neurotrophic factor (BDNF)

muscle point tenderness, and isometric strengjth measures. Body temperature is

15  measured to ensure that the subject is not running a fever. Subjects are instructed to

maintain current activity levels and not to initiate a resistance-training or weight-loss

program for the duration of the study. Subjects are randomly assigned to a group (test

beverage/placebo) and instructed to consume the test beverage (or placebo), which

is dispensed for the next 18 days. A pre-exercise visit is scheduled for 10 days later.

20  All pre-exercise and follow-up measurements are compared with baseline measures.

Visit 2 (pre-exercise measurements, eccentric exercise protocol, day 10).

Report to lab at assigned meeting time. The following procedures are performed: brief

medical screen (height, weight, pulse, blood pressure and body temperature), blood

draw, subjective evaluation of arm function, muscle point tenderness, and isometric

25 strength measures. Subjects then undergo a standardized single bout of eccentric

resistance exercise to the non-dominant biceps brachii muscle. A standard arm-curl

machine (Cybex International, Inc., Medway, MA) is used for the eccentric exercise

protocol. Exercise weights for each subject re determined by establishing their one

repetition maximum (1-RM) concentric or shortening contraction. The 1-RM is
30 determined by having the subject perform a concentric arm curl against a low

resistance with continued repetitions being performed with weight being incrementally

added until a 1-RM is reached. Each subject then performs five sets of ten repetitions

of lengthening contractions on the arm curl machine using a weight equivalent to 140%

of their 1-RM. Each repetition takes 4-6 seconds to ensure maximal tension is being
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4. The method of claim 1, wherein enhanci ng exercise performnce conprises
at | east one of preventing or aneliorating exercise-nedi ated nmuscl e and/ or
t endon dawegeiiands2enhanci ng nuscl e and/ or tendon recoverygTiUsesigfosssn

205. Th t haod .of cl ai t | t f pr i

Al T evi ARG OdR BRSSP TIR B ORET & A IR Ie e RETIAL P P er y

t her ef rogBreise is not Berfdhed® fidusial Gl @ofceSABPLINGedHIng eHbREABgRIfoMar ker s
of exercise- induced nuscle injury (e gjrm creatline kinase (OK), plasm

myogl obnugcles during contraeéonel fotier pariarmes ecnanticdllyg- lemglhaniag iy or

Fendoni THed BT BLy MR Ten R v o HEE R RT3 B AP 7™
chr eni c3/se€petdonceatriceuRMBOC/sec for eccéhtrid betiomd. h8dbjettsolviftios divemtaer ei n
enhanci ng exerci se performance conprises at | east one of: increasing the

maxi murAedimite sestpafigebatwaentsets. sbe Sxerademsession rakasdesnéNami @nse or
maxi mal g{(?%ci se (V02 max); decreasing the rating of 30 perceived exertion
(RPE) ; P sf'ng exerci se-nmedi ated i ncrease blood | actate |evels; preserving

nuscl e cont nggité B Arnsdticiuledicfionabluy mexsummdémisce or joi nt ROM
reduci ng nuscl e soreness; and aneliorating the onset of fatigue in response
to exerci se RigCRHEORYYjBEASUreR@redalen kpBiemsct ANd 0ANieyAbegSe reactiong toThe

q N . . . : ¢ it
xdDci B iRt Prof®B8L Rk FERE 0% R A 21 Ao BB gl 27
repet i taxeecisxer ci se, aerobic exercise, and high altitude exercise.

10. The nmethqQd of claiml, wherein the el ectrokinet] t er ed. agueous
fluid 5is sﬁ@%&%&t ta are anaR/zed useTng a two way Alﬁgl\)ﬁy w?th repeate

measures on the second factor (time). Outcome measures are analyzed using a two
(group) by four (time) ANOVA. Statistical significance is set at p<0.05. If significant

15  interactions occur, the Tukey post-hoc test is used to reveal where the differences
occur. All data analyses are performed using SPSS™ for Windows 16.0 (SPSS, Inc.,
Chicago, IL).

Results:

20 According to particular aspects, the electrokinetically-processed fluids have
substantial utility for preventing or alleviating/reducing tissue damage and/or enhancing
tissue and/or physiological recovery after intense exercise, including preventing muscle
damage and/or enhancing/facilitating muscle recovery from exercise (e.g., eccentric
exercise), particularly from intense exercise.

25 In certain embodimens, the electrokinetically-processed fluids have substantial
utility for preventing or alleviating/reducing the extent of muscle fiber micro-injury,
and/or enhancing recovery thereof.

According to particular aspects, the electrokinetically-processed fluids have
substantial utility for reducing biomarkers of exercise-induced muscle injury (e.g.,

30 creatine kinase (CK)).

According to additional aspects, the electrokinetically-processed fluids have
substantial utility for reducing subjective ratings of muscle soreness.
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11. The method of claim 10, wherein the el ectrokinetically-altered aqueous
fluid conprises oxygen in an anmount of at |east 15, ppm at |east 25 ppm
at | east W0 2ppmyo2s | east 40 ppm at | east 50 ppm or atrciras61168s6ppm

onc. aque olhCRB 016 #BE AP Salaspecis. i BBl Ak 8Hodh b Beesdl s Rk o

of cl aidubktariaelitP fétresBAIGS miiseR tdRALIRBRN0R 81021 MEMBRRIPES Noigt ur es
are stably configured in the Tonic aqueous fluid in an anount sufficient to

provi d&iOlhon contact of a living cell by the fluid, nmodul ation of at |east

20 The: met HSostEG Ve h B8 RBhRH R M i hBleu FRIPRRRESFETftEL ey
el e6t r adubzedriticaltility frt reeentayecdsr Bdlidragredasing@xalcisgimndicetrtahden of

aqueous sol ution or sports beverage. 15. The nethod of claim 14,
wher ei rfamaoe EB‘F‘&% eB@@@@'ﬁg/éa@Hﬁﬁﬂg derdog IQGQHETY fﬁ@@aﬁ%@l?@ﬁﬂﬁ@r BIeEeiPPol yt e
or oth e, i : : h | .aiyn 15,
oher oi nnHREE SEmaBETEA Mot L iRlcise. tendindits. (FABOffiS, hdHmbuAL T

di scl ogeticuiaMpalroesinterase @xdrersel, and/or reducitd exéhsiserridune dabndbdiretais

wherein the ility to dul ate of at |east one of cellul ar nbr ane
bot ent (RA 2N, oSk GsoBsR o apaeerenealrenaan Teas forsiaiuo,
at 1heasichilde@nddh is Gasfed our, at least five, at least 6, at least 12
nonths, or |longer periods, in a closed gas-tight container, optinmally at
about 4C. According.to Tetadditinoal asfpectsaitme e@ctrakietcallypeeasédiuids havel east
one of c%lkulai . . . . . .
substantial utility for preventing and/or ameliorating/reducing and/or enhancing recovery
from tendon strain associated with chronic, repetitive movement, comprising
administration, to a subject in need thereof, a electrokinetically-altered sports beverage
15 composition as disclosed herein in an amount sufficient to prevent and/or ameliorate
and/or enhance recovery from tendon strain associated with chronic, repetitive
movement.
According to further aspects, and as demonstrated in Example 3 above and in
this Example 4, the electrokinetically-processed fluids have substantial utility for

20 improving exercise performance.
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menbr ane potential and cellul ar nmenbrane conductivity conprises altering of
a conformation, ligand binding activity, or a catalytic activity of a

menbr ane we0ci@bd 30pr ot ein. 19. The net hod of pclraispeii®zsewher ei n
nodul ati on of at |east one of cellular nmenbrane potential and cellular
menbrane conductivity, conprises nodul ati ng whol e-cell conductance. WO
2011/ 140524PCT/ US2011/ 035649 20LATMe net hod of claim 13, wherein
nodul ati on of at | east one of cellular nmenbrane potential and cellul ar
menbr ane conduct iAingthedipr eEBaNCIDE EXETGieM pefformanessconppiésing :acmisigteringm

and adany? Seoieth B nEB3 YRR A7 Ao Blor Ry Bhish ARGl BB ihg
el est r ashioet aquaddug- abdlatied ofy atrgediapiieousokyderdcentabMdit nanostructures
conprisin providing a fl ow of aqueous fluid material between two

spaced Fﬁ’@gé’wt'é{em‘ﬂm%g'ﬂhaM%ﬁgﬁgdi@mQI% of heseHand R ; nanpIneters Gadcstagly
- 1 hg f | ow ' ' - t i al l 10
or) Do GRTURAL ih o iR adERIRO SRyl T [ SAhBlnt Hurftierh W7 AOUIR 1o 1)

t he m xant@neiguateleastiene @b rctietdisa pedormante and reabverg tibe,| whsteir?@ mpthaghs

into tge rra}%eri.al in |ess tfhan 400 m'IIiscgconds, wherei n an
el ect r JRY ABRRARGNG $XBTCISS RRITYMAEELS ATAIFL onpri si ng an i oni c aqueous

soligt i on of c£har t @kidd e cqmezf\?'-i tr S
prégom' nant I%/' ha\g/,ﬁle; @Emg\%?gggwd?‘ann%t er o IlHI @Qaﬁﬁgﬁ %%Fdriéaén}o?r%rtf%rrrgan;ned

st abl y ctBaprigasy@dedingrexaieise-anducesjnemases laiiptadrsa infanmmatbry cytokine BRelsThe

nmet hod .of cla}:).m 1, wherein the dwell tinme of the flowng material w thin
t he m%?ﬁ@eéﬁ Gfe i s greater than 0.06 seconds or greater than 0.1 seconds.

23. The nettmd ofTHd aiBitRdd \Whercdim the Lktrdinoftheurd@esisalimduded t piastl ume
is at least 12, at least 20, at |least 30, at |east 40, or at |east 50.

2024. A IRdame@teyr cyiplingcisngnarsateaied rfisxnnidei geaupy cansisiingl obxpigsieser-alpha
aql1%0us(IFN-aIpha), epithelial neutrophil activating protein 78 (ENA-78), and brain-derived
neurotrophic factor (BDNF).

4. The method of claim 1, wherein enhancing exercise performance
comprises at least one of preventing or ameliorating exercise-mediated muscle and/or
tendon damage and enhancing muscle and/or tendon recovery therefrom.

20 5. The method of claim 4, comprising at least one of preventing or alleviating
extent of muscle fiber micro-injury, and enhancing recovery therefrom.

6. The method of claim 4, comprising reducing biomarkers of exercise-
induced muscle injury (e.g., creatine kinase (CK), plasma myoglobin).

7. The method of claim 4 comprising ameliorating or enhancing recovering

25 from at least one of exercise induced tendinosis, tendonitis, tenosynovitis, avulsion,
and tendon strain associated with chronic, repetitive movement.

8. The method of claim 1, wherein enhancing exercise performance
comprises at least one of: increasing the maximum amount of oxygen that the subject
can utilize during intense or maximal exercise (VO. max); decreasing the rating of

30 perceived exertion (RPE); reducing exercise-mediated increase blood lactate levels;
preserving muscle contractile function, preferably maximal force or joint ROM,;
reducing muscle soreness; and ameliorating the onset of fatigue in response to

exercise in the subject.
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the outputs s he m xi ng chanber, the second material, oxygen
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of 2bhe coa?bgh%rétset, electrolyte or other sports beverage ingredient.
16.  The method of claim 15, wherein the ionic aqueous solution comprises at
least one ion or salt disclosed in Tables 1 an 2 herein.
17.  The method of claim 13, wherein the ability to modulate of at least one of
cellular membrane potential and cellular membrane conductivity persists for at least
25 two, at least three, at least four, at least five, at least 6, at least 12 months, or longer
periods, in a closed gas-tight container, optimally at about 4°C.
18. The method of claim 13, wherein modulation of at least one of cellular
membrane potential and cellular membrane conductivity comprises altering of a
conformation, ligand binding activity, or a catalytic activity of a membrane associated
30 protein.
19.  The method of claim 13, wherein modulation of at least one of cellular
membrane potential and cellular membrane conductivity, comprises modulating whole-

cell conductance.
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23.  The method of claim 21, wherein the ratio of surface area to the volume is
at least 12, at least 20, at least 30, at least 40, or at least 50.

20 24. A method for producing an electrokinetically-altered oxygenated aqueous
fluid or solution, comprising use of a mixing device for creating an output mixture by
mixing a first aqueous material and a second material, the device comprising:

a first chamber configured to receive the first aqueous material from a source of
the first aqueous material;

25 a stator;

a rotor having an axis of rotation, the rotor being disposed inside the stator and
configured to rotate about the axis of rotation therein, at least one of the rotor and stator
having a plurality of through-holes;

a mixing chamber defined between the rotor and the stator, the mixing chamber

30 being in fluid communication with the first chamber and configured to receive the first
aqueous material therefrom, and oxygen being provided to the mixing chamber via the
plurality of through-holes formed in the one of the rotor and stator;

a second chamber in fluid communication with the mixing chamber and
configured to receive the output material therefrom; and
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configured to rotate about the axis of rotation therein;

a mixing chamber defined between the rotor and the stator, the mixing chamber

15  having an open first end through which the first aqueous material enters the mixing
chamber at or substantially at the temperature of highest density of the aqueous fluid
material, and an open second end through which the output material exits the mixing
chamber, the second material, oxygen gas, entering the mixing chamber through at
least one of the rotor and the stator;

20 a first chamber in communication with at least a majority portion of the open first
end of the mixing chamber; and

a second chamber in communication with the open second end of the mixing
chamber, to electrokinetically alter the aqueous material, wherein an electrokinetically
altered aqueous fluid comprising an ionic aqueous solution of charge-stabilized oxygen-

25 containing nanostructures predominantly having an average diameter of less than 100
nanometers and stably configured in the ionic aqueous fluid is provided.

26. The method of claim 24 or 25, wherein the first internal pump is
configured to impart a circumferential velocity into the aqueous material before it enters
the mixing chamber.

30 27. A method of producing an electrokinetically-altered oxygenated aqueous
fluid or solution in an arcuate mixing chamber formed between two contoured surfaces
to create an output mixture, the arcuate mixing chamber having a first end portion
opposite a second end portion, the method comprising:

providing a first aqueous material;
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introducing the first aqueous material into the first end portion of the arcuate

mixing chamber, at or substantially at the temperature of highest density of the aqueous
fluid material, in a flow direction having a first component that is substantially tangent to
the arcuate mixing chamber and a second component that is directed toward the
second end portion; and introducing oxygen gas into the arcuate mixing chamber
though at least one of the two contoured surfaces between the first end portion of the
arcuate mixing chamber and the second end portion of the arcuate mixing chamber,
wherein an electrokinetically altered aqueous fluid comprising an ionic aqueous solution
of charge-stabilized oxygen-containing nanostructures predominantly having an
average diameter of less than 100 nanometers and stably configured in the ionic
aqueous fluid is provided.

28. The method of claim 27, wherein the first end portion of the mixing
chamber is coupled to a first chamber, the method further comprising:

before introducing the first aqueous material into the first end portion of the
arcuate mixing chamber, introducing the first aqueous material into the first chamber,
and imparting a circumferential flow into said material in the first chamber.

29. The method of claim 27, wherein the first end portion of the mixing
chamber is coupled to a first chamber, the mixing chamber is formed between an outer
contoured surface of a rotating cylindrical rotor and an inner contoured surface of a
stationary cylindrical stator, and the rotor rotates inside the stator about an axis of
rotation, the method further comprising:

before introducing the first aqueous material into the first end portion of the
arcuate mixing chamber, introducing the first aqueous material into the first chamber,
and imparting a circumferential flow substantially about an axis of rotation into said
material in the first chamber;

introducing oxygen gas into a hollow portion of a rotating rotor having a plurality
of through-holes, each through-hole of the plurality extending from the hollow portion to
the outer contoured surface of the rotor; flowing the oxygen gas from the hollow portion
of the rotating rotor through the plurality of through-holes into the mixing chamber;
flowing the aqueous material from the first chamber into the mixing chamber; and
rotating the rotor relative to the stator thereby mixing aqueous material and the oxygen
gas together inside the mixing chamber.

30. The method of any one of claims 21-29, wherein aqueous fluid material
comprises at least one salt or ion from Tables 1 and 2 disclosed herein.
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31.  The method of claim 30, wherein the method comprises production of a

sports or exercise beverage, or of a component thereof.
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