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1 UvVoD

1.1 Kyselina moéova

Kyselina mo¢ova (obrazek 1) je trividlnim nazvem 2,6,8-trihydroxypurin.
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Obriazek 1 - Vzorec kyseliny mo&ové (enol forma a keto forma) a jeji disociace pti pK; = 5,4.

Kyselina mocova je slab4d dvojsytnd kyselina s hodnotami disociaénich
konstant pK; 5,4 a pK; 11,3.

Kyselina mocova se v organismu vyskytuje jako konedny produkt
metabolismu purinovych nukleotidi. Za fyziologickych podminek se v organismu
vyskytuje i v podob& molovych solich K, Na* nebo NH,". Clovék vylou¢i mogi
denné jen asi 1 g kyseliny mo€ové v rozpusténé formé&. Z celkového mnoZstvi
kyseliny mo¢ové vylou¢eného za 24 hodin pfipada 70 — 80 % na ledviny. Asi 25 %
kyseliny mo&ové se vylutuje z organismu ve form& vykald."*?

Vétsina syntetizované kyseliny mocové (90 %) se vledvinich zpétné
vstfebava do krve a podili se na antioxidaéni ochrané organismu. Kyselina mocova je
dobry vychytavad radikalé a antioxidant v mnoha lidskych tkanich.* U lidi se &ast

kyseliny mo¢ové neenzymaticky pfeméiiuje na alantoin a pomér alantoin/kyselina

mo&ov4 se pouZiva jako indikator oxida&niho stresu.’

1.2 Klinicky vyznam Kkyseliny mocdové

Kyselina mo¢ova je dllezitym klinickym markerem pro fadu onemocnéni. Pii
zvy$ené koncentraci v télnich tekutinach se jeji krystalky vylou¢i v kloubech, kde
pak vyvolavaji mechanickd poSkozeni, kterd se oznacuji jako onemocnéni dna.
Vysokd koncentrace kyseliny mocové vkrvi (hyperurikémie) je spojovana

s ledvinovym selhanim, chronickymi ledvinovymi nemocemi, leukémii a lymfomy,



Lesch-Nyanovym  syndromem, kardiovaskularnimi nemocemi a dalSimi
patologickymi stavy. Vyskytuje se také v piipad¢ alkoholového a drogového
pfedavkovani, obezit¢, diabetu mellitu, pfi zvySené hladin¢ cholesterolu nebo

vysokém krevnim tlaku, &7®

1.3 Katabolismus purinovych nukleotidi

Kyselina mocova je koneénym produktem katabolismu purinovych
nukleotidii a deoxynukleotidl. Adenosin je nejprve deaminovan adenosindeaminasou
na inosin. Zinosinu nebo guanosinu se uvolni pomoci enzymu
purinnukleosidfosforylasy ribosa-1-fosfat a purinovd baze (hypoxanthin nebo
guanin). Hypoxanthin se xanthinoxidasou, guanin guanasou, pfeméni na xanthin,
ktery je xanthinoxidasou oxidovan na kyselinu mo&ovou.’

Savei s vyjimkou primatd kyselinu mocovou pfed vylouCenim dale
metabolizuji. Oxiduji ji na alantoin, ktery je z téla vylu€ovan moci. Tato reakce je
katalyzovana enzymem uratoxidasou (urikasou), kterd obsahuje mé&d. Clovék
postradd enzym uratoxidasu, a proto je u néj koneénym produktem purinového
katabolismu kyselina mo&ova.? P¥itomnost alantoinu v plazmé &lovéka je vysledkem
neenzymové oxidace."’

Ptaci, suchozems$ti plazi a mnohé druhy hmyzu také nemaji enzym
uratoxidasu a vyluduji kyselinu mocovou a také guanin jako kone¢né metabolity
katabolismu purind.

U kostnatych ryb je alantoin degradovan alantoinasou na kyselinu
alantoovou.

Chrupav¢ité ryby a obojZivelnici tuto kyselinu pfemériuji alantoikasou na
vylu¢ovanou mocovinu a kyselinu glyoxylovou.

Mofi$ti bezobratli rozkladaji mocovinu a vyluduji NH,"!

V8echny mozZnosti zpusobu degradace kyseliny mocové jsou uvedeny na
obrazku 2.
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Obrizek 2 - Degradace kyseliny moové na NH,". U vyzna&enych druhi kon&i proces v riiznych
stadifch. Jednotlivé dusikaté slougeniny jsou pak vym&Sovany jako kone&né metabolity.'

1.4 Odpadni produkty metabolismu bilkovin u riznych skupin Zivodichi

Kone€nymi produkty, kterymi Zivo€ichové vyluuji dusik vézany
v aminokyselinach, mohou byt amoniak (amonotelni Zivo€ichové), kyselina mocova
(urikotelni Zivo€ichové) nebo moc€ovina (ureotelni Zivo¢ichové).

Amonotelni Zivo€ichové (vétSina vodnich Zivolichll) jednoduSe vyluduji
amoniak. Jejich vodné Zivotni prostiedi je nuti kontinudln€ vylu€ovat vodu
a usnadiiuje exkreci vysoce toxického amoniaku.

Tam, kde neni voda hojn€ pfitomna, bylo nutno béhem evoluce vytvofit
systém pfemériujici amoniak na méné toxické odpadni produkty. Timto odpadnim
produktem je mocovina, kterou vylucuje vétSina suchozemskych obratlovct.
Mocovina se syntetizuje v jatrech za pomoci enzymu mocovinového cyklu. Poté se
krevnim ob&hem dostava do ledvin, odkud se vylutuje z organismu mo&i."

Dalsim produktem je kyselina mocova, kterou vyluCuji ptéci a suchozemsti
plazi. Tento systém exkrece dusiku uchovava v téle vodu. Kyselina mocové je pouze
nepatrn€ rozpustnd ve vode€, takZe jeji vyluCovani v podob€ krystalové pasty
znamend jen malé ztraty vody.!! Je tedy hlavnim odpadnim produktem u Zivogichd,

kte¥ maji omezeny pfistup k vod& a musi ji Setfit. "2



Mezi minoritni dusikaté odpadni produkty patfi trimethylamin oxid, guanin,

kreatin, kreatinin a aminokyseliny.5

1.5 Alantois a alantoick4 tekutina

Zarode¢né obaly jsou chapany jako pfizplisobeni organismii suchozemskému
zpisobu Zivota. Obsahuji tekutiny, které nahrazuji vyvijejicimu se zarodku vodné
prostfedi, chrani zirodek mechanicky a mnohdy zprostfedkovavaji latkovou vyménu.
Vyskytuji se u Zivoéichi spfimym i larvalnim vyvojem. Z obratlovcii maji
zarodetné obaly plazi, ptaci a savci. RozliSuji se tfi zdrode¢né obaly — amnion,

chorion a alantois (obrazek 3)."

AMNION

ALANTOIS

Houtkovy vadek

Obrizek 3 - A: Vyvoj kufeciho embrya a jeho zarode&né obaly. B: Fotografie 96 hodin starého
kufectho embrya s vyznatenym alantoisem a amnionem. **

Alantois se objevuje jako posledni extraembryonalni membrana. Je to obal,
ktery vyrista z extraembryondlni télni dutiny jako ptidatna ¢ast, tzv. zadni stfevo.
Poptipad¢ uzavird celkovy obsah vajicka do obalky s dvojitou sténou, naplnénou
tekutinou.

Alantoicky obal je tvofen dvéma sténami a plni dvé velmi dilezité funkce. Je
pro embryo dychacim organem a je mistem pro odpadni produkty embryonalnich

ledvin. Dychani se u¢astni pouze vné&j§i sténa alantoisu, ktera plni b&hem



embryonalniho Zivota funkci plic. Vné&j$i sténa se spojuje s chorionem, ktery se
nachazi pfimo pod skofepinovou membranou, a vytvafi vnitini povrch vaje&né
skofapky. Vnitini sténa alantoisu mé spi$e jen mechanicky vyznam.

Pfedtim neZ embryondlni ledviny zanou vyluovat vymésky, obsahuje
alantoicky véa&ek &irou, bezbarvou tekutinu, ktera pochazi z jeho vlastni stény nebo
z kloaky. Kolem ¢&tvrtého dne inkubace kufeciho zarodku zadina pfitékat do
alantoisu alantoickd tekutina a tak tomu je po cely zbytek inkubaéni doby. Po
11 dnech zadind mit alantoickd tekutina naZloutlou barvu. Mezi 7. aZ 14. dnem je
koncentrace odpadnich produktd (pfedevSim soli kyseliny mocové) dostateéné
vysokd, soli kyseliny mofové se zalinaji srdZet a v disledku toho zafind byt
alantoicka tekutina lehce zakalena (tabulka 1). Alantoickd tekutina se nahromad’uje
kolem 13. dne, kdy dosahuje maximalniho objemu, obvykle 6 — 7 mL, nékdy az 10
mL. MnoZstvi tekutiny je zavislé i na teploté inkubace, bé&Zna teplota je 37,5 °C. Se
sniZzujici se teplotou inkubace se objem alantoické tekutiny sniZuje. Béhem 14. —
19. dne inkubace objem alantoické tekutiny klesa, protoZe se absorbuje voda. Kolem
20. dne inkubace je alantoickd dutina jiZ vypln€na velkym mnoZstvim pevnych

usazenin,!> 16

1.6 Krevni plazma kufecich ziarodki

Krev je tvofena kapalnou sloZzkou — krevni plazmou, ve které jsou rozptyleny
krevni elementy: bilé€ krvinky, ¢ervené krviny a krevni desti¢ky.

Plazma kufecich zarodk ve stafi 10 dnli inkubace je velmi zfedénd, obsahuje
méné neZ 3 % rozpusténych latek. Béhem dalsiho vyvoje tato koncentrace vzroste na
vice neZ dvojnasobek. Nejvétsi nartist koncentrace pevnych latek je kolem 15. dne
inkubace."

Fyziologické hodnoty koncentrace nékterych latek v plazmé alantoické

tekutin€ jsou uvedeny v tabulce 1.



Tabulka 1 — Fyziologické hodnoty koncentrace n&kterych litek v alantoické tekuting a plazmé
kufecich zérodki 10 a 15 dni po vylihnuti.'®

Alantoicka tekutina Plazma
staifi 10 dni  staFi 15dni  staFi 10 dni  sta¥i 15 dni
kyselina mo¢ova, mg L’ 1500 6300 15,5 23,6
glukosa, mg L™ 600 900 1500 2000
cholesterol, mg L™ - 400 1600 3000
kyselina mlé¢n4, mg L™! 400 - 150 150
celkovy dusik, mg L™ 1000 2900 1300 1900
chloridy, mg L™ 2500 2600 430 340

1.7  Metody stanoveni kyseliny mo¢ové

Pro stanoveni kyseliny mo¢ové v biologickych vzorcich existuje fada metod.
V klinickych laboratofich se b&Zné pouzivaji enzymatické metody zaloZené na
katalytické oxidaci kyseliny mocové na alantoin a peroxid vodiku v pfitomnosti
enzymu uratoxidasy (viz obrazek 2). Alantoin muze byt nasledné stanovovan
kolorimetricky nebo pomoci pritokové injekéni analyzy.'”'® Je moZné stanovovat
i vznikly peroxid vodiku oxida¢ni kopulaci se sodnou soli N-ethyl-N-(2-hydroxy-3-
sulfopropyl)-m-toluidinu a 4-aminoantipyrinem za katalyzy enzymem peroxidasou.'’
Jiny enzymaticky test stanovuje peroxid vodiku (vznikly reakci kyseliny mocové
senzymem urikasou) skyselinou 2,4,6-tribrom-3-hydroxybenzoovou a 4-
aminoantipyrinem také za katalyzy peroxidasy.’® Tyto metody vyZaduji
kontrolovanou teplotu, drahé a nestabilni chemikalie arelativné velké mnoZstvi
vzorku (200 pL).

Dal8imi pouZivanymi metodami jsou kapalinova chromatografie na chemicky
vazanych fazich a iontové vyménna chromatografie. Vysokoudinna kapalinova
chromatografie (HPLC) je nejvice pouZivana analytickd metoda pro stanoveni
kyseliny mo¢ové v séru a v mo¢i a to s elektrochemickou detekci, UV detekci nebo
ve spojeni s hmotnostni spektrometrii. Mezi nevyhody tohoto stanoveni patfi napf.

dlouh4 doba analyzy, mal4 separaéni u&innost a pomé&mng kréatka ivotnost kolony.?!
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1.8 Stanoveni kyseliny mo¢ové kapilarni elektroforézou

Kapilarni elektroforéza (CE) byla jiz n€kolikrat pouZita ke stanoveni kyseliny
modové a dalsich latek purinového metabolismu (xantinu, hypoxantinu).®” %

Pro detekci kyseliny mocové v CE se béZné pouzivaji fotometrické detektory
pracujici v UV oblasti spektra.?’?* Daldi moznosti je pouZiti elektrochemickych
detektort s uhlikovou, mé&d&nou nebo platinovou elektrodou. ”* > 2> 26 V tabulce 2
jsou uvedeny vybrané analytické metody stanoveni kyseliny mocové.

Vyhodou CE stanoveni je kratsi ¢as analyzy neZ u HPLC stanoveni. Metoda
CE vykazuje vysoké rozliSeni. Velmi vyznamnou charakteristikou CE metody pro
klinické vyuZiti je velmi nizka cena analyzy. K analyze je tfeba minimalni mnoZstvi
pufru a velmi maly objem vzorku, cozZ je pro analyzu biologického materialu velice
vyhodné. Dal§imi vyhodami CE metod jsou pfiméfenad citlivost, automatizace
(moZnost vyuZiti autosamplerti) a mnohostrannost metody — separace analyti mtize
byt zaloZena na jeho néaboji, velikosti, hydrofobnosti nebo stereospecifité. Vzorky
jsou davkovany rovnou do kapilary bez komplikovanych uprav. U biologického

materialu sta¢i vétSinou vzorek jen nafedit. Z t€chto diivodi se stale Castéji vyuZiva

metody CE v klinické oblasti.

11
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Experimentélni podminky viz Ptiloha.

2 VYSLEDKY A DISKUSE

2.1 Pufry

Pro stanoveni kyseliny mocové, askorbové a p-aminosalicylové (vnitini
standard) byly testovany dva separa¢ni pufry — 2-(cyklohexylamino)ethansulfonova
kyselina (CHES) /  Tris(hydroxymethyl)aminomethan (Tris) a  2-
morfolinethansulfonové kyselina (MES) / Tris(hydroxymethyl)aminomethan (Tris).
Tyto pufry vykazuji pomérn€ malou elektrickou vodivost, nizkou mobilitu a mohou
byt pouzity i ve vysokych koncentracich, aniZ by elektricky proud pfi CE separaci
pferostl unosnou mez. Vyhodou pouZiti separaéniho pufru o vysoké koncentraci
jednotlivych slozek je u€inné potlacovani adsorpce latek ze vzorku biologického
materialu na sténu kapilary.

Koncentrace MES nebo CHES byla zvolena konstantni (60 mM)
a optimalizovana byla koncentrace Tris v rozmezi 10 — 50 mM. Optimalniho sloZeni
separa¢niho pufru bylo dosaZzeno s 60 mM MES + 30 mM Tris (pH = 6,1), nebo
60 mM CHES + 30 mM Tris (pH = §,6).

Do pufru byla pfidana povrchové aktivni latka polybren o vysledné
koncentraci 0,001 % (w/v). Polybren se adsorbuje na sténu kapilary a obraci
elektroosmoticky tok, ktery pak ma stejny smér jako migrace aniontt (kyseliny
mocové, askorbové i p-aminosalicylové). Vysledkem bylo, Ze se sniZil migra¢ni ¢as
téchto aniontu.

Pfi pouZiti pufru CHES/Tris se latky od sebe upln€ neoddélily, a proto byl
pro daldi analyzy pouzZivan pufr MES/Tris. Posun migraénich ¢asi sledovanych
analyt v pufrech MES/Tris (pH = 6,1) a CHES/Tris (pH = 8,6) je zplsobeny
rozdilnymi hodnotami pH téchto pufri (obrazek 4).

13



Pfi pouziti pufru 60 mM MES + 30 mM Tris + 0,001 % (w/v) polybren
vykazovala smés vy3Si separaéni uinnost pro kyselinu mo€ovou a lep$i rozliSeni
kyseliny mo€ové a askorbové. Pii pouziti pufru 60 mM CHES + 30 mM Tris +
0,001 % (w/v) polybren vykazoval systém ucinnost vice neZ 10x niz8i. Niz§i
uéinnost muZe byt zplisobena vyssi elektrodisperzi analyti vedouci k rozmyvani piku
kyseliny mocové. Tabulka 3 ukazuje primémé hodnoty (n = 3) poctu teoretickych
pater a rozliSeni vzhledem ke kyselin€ mo€ové pro CE separaci modelového vzorku
v separaénim pufru CHES/Tris (pH 8,6) a v separaénim pufru MES/Tris (pH 6,1).

ProtoZze mnohem lepsi separace sledovanych analyti bylo dosaZeno
v separaénim pufru 60 mM MES + 30 mM Tris + 0,001 % polybren (pH 6,1), byl pfi
vSech dal$ich analyzach (modelovych vzorkl, vzorkid plazmy a alantoické tekutiny)

pouZivan vyhradné tento separa¢ni pufr.

1 3
204 B
= 10 4 2
£
:1 0 i
a
a T T 1
5 6 7 38 9
3 g4 A
3] 1
40 —
2
20 4
044 j\
T T T T T T T 1
7 8 9 10 11
Cas (min.)

Obrazek 4 - Elektroferogram separace kyseliny p-aminosalicylové (20 mg L"), mo&ové (25 mg L")
a askorbové (50 mg L™). Separa&ni pufr: A — 60 mM MES + 30 mM Tris + 0,001 % polybren (pH
6,1); B — 60 mM CHES + 30 mM Tris + 0,001 % polybren (pH 8,6). Identifikace pikid: 1 — kyselina p-
aminosalicylov4, 2 — kyselina askorbov4, 3 — kyselina mo¢ova.
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Tabulka 3 - Hodnoty poltu teoretickych pater (V) a rozliSenf (r,) vzhledem ke kyseling mo&ové pro
CE separaci modelové smési kyseliny p-aminosalicylové (20 mg L), molové (25 mg L)
a askorbové (50 mg L™'). N bylo vypoéteno podle vzorce N = 16 (7 / w?) a ry;, podle vzorce
ne=2(t—t)/ (w +w,), kde ¢ je migrani &as a w je Sifka piku pti zakladng.

N riz
MES/Tris  CHES/Tris MES/Tris CHES/Tris
kyselina p-aminosalicylovda 132 000 27 100 11,1 0,77
kyselina mo¢ova 156 000 10 500 - -
kyselina askorbova 164 600 84 600 5,6 0,83

2.2 Kalibraéni zavislosti

Kalibraéni zavislosti byly naméfeny pro modelovy vzorek kyseliny mo€ové,
plazmu a alantoickou tekutinu (tabulka 4). V modelovém vzorku byla provedena
kalibrace metodou kalibraéni pfimky, ve vzorku plazmy a alantoické tekutiny
metodou standardniho pfidavku. VSechny koncentrace byly méfeny tfikrat a pro
vyhodnoceni se pouZivaly pruim&mé hodnoty téchto méfeni.

Limit detekce byl vypocitan pro vysku piku odpovidajici trojnasobku Sumu
detektoru. Limit detekce je 0,2 mg L™ (1,2 uM) a je srovnatelny s limity detekce
uvadéné pro optické nebo elektrochemické detektory. 671930

Limit stanoveni byl vypoé&itan pro vysku piku odpovidajici desetindsobku
$umu detektoru. Limit stanoveni je 0,7 mg L™ (4,0 uM).

Tabulka 4 — Parametry linedrn{ kalibraéni zavislosti pro stanoveni kyseliny mofové v modelovém
vzorku, vzorku plazmy a alantoické tekutiny kufecich zarodkl v separaéni pufr 60 mM MES +
30 mM Tris + 0,001% polybren (pH 6,1); v zdvorkach jsou uvedeny hodnoty standardnich odchylek.

modelovy vzorek  plazma alantoicka tekutina
koncentra&ni rozmezi, mg L” 0,5 - 100 1-100 1-200
citlivost, mAU s L mg™ 9,00 (0,03) 8,82(0,26) 9,23 (0,20)
usek, mAU s 0,15 (1,59) 0,36 (0,76) -7,84(9,57)
smérodatna odchylka, mAUs 3,11 0,39 2,95
korela¢ni koeficient 0,999 0,999 0,999
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2.3 Opakovatelnost a analyticka vytéznost CE stanoveni kyseliny modové

Opakovatelnost vyvinuté metody byla ov&fovédna pfi opakovaném stanoveni
kyseliny mocové ve vybraném vzorku plazmy a alantoické tekutiny. Pfed kazdou
analyzou byla plazma i alantoicka tekutina opakovan€ zpracovana (viz Pfiloha).
Vzorek byl po piipravé okamZit€ analyzovdn a v3echna méfeni byla provedena
v jeden den.

Hodnoty variaéniho koeficientu pro plochu piku a pro migraéni ¢as jsou
uvedeny v tabulce 5. Vypoétené hodnoty variaéniho koeficientu dokladaji, Ze je
pfesnost metody vyhovujici a Ze lze vyvinutou metodou stanovovat kyselinu
mocovou v biologickych vzorcich.

Metoda standardniho pifidavku byla pouZita pro vyhodnoceni analytické
vytéZnosti CE stanoveni kyseliny mocové vplazmé¢ i alantoické tekutiné
vyhodnocenim ploch pikt. Primé&mé hodnoty analytické vyt€Znosti byly pro plazmu
98,5 £ 1,0 % a pro alantoickou tekutinu 100,8 £ 0,6 % (viz Pfiloha). Tyto hodnoty

jsou zcela vyhovujici.

Tabulka 5 — Opakovatelnost CE metody pro 10 po sobé& nasledujicich stanoveni vzorku 10x fed&éné
plazmy a vzorku 20x fed&né alantoické tekutiny. Stanovena koncentrace kyseliny motové v plazmé je
19,05 + 0,51 mg L™ a v alantoické tekuting 692,4 + 27,7 mg L. V zavorkach jsou uvedeny standardni

odchylky.

parametr plazma alantoicka tekutina
plocha piku, mAU s 17,33 (0,46) 308,12 (12,48)
varia¢ni koeficient, % 2,64 4,05

migraéni ¢as, min. 11,50 (0,28) 10,92 (0,13)
varia¢ni koeficient, % 2,43 1,19

pocet opakovani 7 6
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2.3 Srovnani metod stanoveni kyseliny modové

Pro stanoveni kyseliny moc€ové v biologickych materidlech existuje fada
metod popsanych vySe. V tabulce 6 jsou shrnuty parametry téchto stanoveni, které
jsou srovnany s vyvinutou metodou. Pfednosti vyvinuté metody je malé mnoZstvi
vzorku (1pL), které je u ostatnich metod mnohem vétsi. I doba CE stanoveni je
velice kratkd. Chemikalie, které se pfi tomto stanoveni pouZzivaji, jsou na rozdil od

enzymi levné&;jsi a jejich spotfeba je nizka.

Tabulka 6 — Parametry metod stanoveni kyseliny mo¢ové v biologickych materidlech.

metoda mnoZstvi vzorku  doba stanoveni LOD literatura
enzymatickd 200 pL 1 hod. 42uM 20
enzymatickd 200 pL 15 min. ,8uM 19
HPLC 20 uL 15 min. 0,7uM 30

CE 1pL 15 min. 0,2uM  Priloha

2.4 Stanoveni kyseliny mo¢ové v kuFeci plazmé a alantoické tekutiné

Vyvinutad CE metoda stanoveni kyseliny mo¢ové byla pouZita pro stanoveni
kyseliny mo&ové v plazmé a alantoické tekutin€ kufecich embryi (stafi 10 — 14 dni).
Obrazek 5 ukazuje elektroferogram CE separace v alantoické tekutin€ kufecich
zarodkit s nizkou a vysokou koncentraci. Na obrazku 6 je vidé&t elektroferogram
stanoveni kyseliny mo€ové v plazmé kufecich zarodk. Odezva UV detektoru byla

zaznamenavana pfi 292 nm.
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Obrizek 5 - Elektroferogram stanoveni koncentrace kyseliny mo&ové v separa¢nim pufru 60 mM
MES + 30 mM Tris + 0,001 % polybren (pH 6,1) ve 20x fed&né alantoické tekutin&: panel A vysledna
koncentrace 821,2 + 5,2 mg L™ a panel B 1397,8 + 11,9 mg L. Identifikace pikii: 1 — kyselina p-
aminosalicylovd, 2 — kyselina mo&ova.

15 +

B
10 4 ]
54 2
3
E 0+ _,lll__ l LJ\
I T T T T v 1
(o]
15 - 8 10 12 14
g7 2
[a]
Elo- 1
7]
5
U Lo
4
T T T v T v 1
8 10 12 14
Cas (min.)

Obrazek 6 - Elektroferogram stanoveni koncentrace kyseliny mocové v separaénim pufru
60 mM MES + 30 mM Tris + 0,001 % polybren (pH 6,1) v 10x fedéné plazmé& kutecich zirodk:
panel A vysledn4 koncentrace 15,8 + 0,8 mg L™, panel B 51,2 + 0,5 mg L. Identifikace piki: 1 —
kyselina p-aminosalicylov4, 2 — kyselina mo¢ova.
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V tabulce 7 a 8 jsou uvedeny rozmezi, prumér a odchylky hodnot koncentrace
kyseliny moCové v plazmé a alantoické tekutiné kufecich zarodkd o stafi 10 a 14
dnl. Vzorky byly rozdélené do dvou skupin: embrya s vyvolanou agenezi ledviny
a kontrolni skupina (viz Pfiloha).

Vysledné hodnoty byly statisticky vyhodnoceny testem ANOVA a t-testem
na hladiné vyznamnosti 0,05. Tyto testy byly vyhodnocoviny pomoci programu
Origin 6. 1, OriginLab Corporation, Northampton, MA, USA.

Statistické vyhodnoceni ukézalo, Ze prtimérna hodnota koncentrace kyseliny
moc¢ové vplazmé€ u skupiny embryi sagenezi ledviny je dvakrat vy$§i neZ
u kontrolni skupiny ve stéafi 10 i 14 dni a tento rozdil je na hladin€ vyznamnosti 0,05
statisticky vyznamny. Hodnoty koncentrace kyseliny mocové u skupiny zarodki
s agenezi ledviny jsou u 14ti dennich embryi o tfetinu vy33i neZ u 10ti dennich
embryi. Znamena to, Ze ¢im je embryo star$i, tim méné odstrafuje kyselinu mocovou
z krve. V kontrolni skupiné byla koncentrace kyseliny moc¢ové v plazmé u 10ti i 14ti
dennich embryi téméf shodna. Tyto vysledky potvrzuji nedostate¢nost jedné
embryonalni ledviny G¢inné€ odstratiovat kyselinu mo€ovou z krve.

Koncentrace kyseliny moc¢ové v alantoické tekutin€ je mnohem vy$si neZ
v plazmé. Rozdil hladiny koncentrace kyseliny mocové mezi skupinou embryi
s agenezi ledviny a kontrolni skupinou neni na hladin€ vyznamnosti 0,05 statisticky
vyznamny ani u skupiny ve stafi 10 ani 14 dni. U odbéru alantoické tekutiny mohlo
dojit k neuplnému odebrani veskeré alantoické tekutiny. Zaroven je mozZné, Ze byla
kyselina mocova vysraZena ve formé& krystalkd na dné alantoického vacku. Vzorek
nebyl tedy zcela homogenni, a proto koncentrace kyseliny mocové v alantoické
tekutiné nevykazuje Zadné statisticky vyznamné rozdily. U embryi ve stafi 10ti dnt
byla koncentrace kyseliny mo¢ové niZ$i neZ u 14ti dennich embryi u obou skupin.
Alantoicka tekutina star§ich embryi obsahuje stdle vice odpadnich produkti, a proto

je i koncentrace kyseliny mo€ové vyssi.
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Tabulka 7 - Primé&rné hodnoty, koncentradni rozmezi a smérodatné odchylky (uvedené v zavorkach)
stanoven{ koncentrace kyseliny moové v separaénim pufru 60 mM MES + 30 mM Tris + 0,001 %

polybren (pH 6,1) v plazm& kufecich zarodki ve stafi 10 a 14 dni.

zarodky s agenezi ledviny

stari 10 dni

staFi 14 dni

primér, mg L™ 43,6 (17,1) 66,3 (43,5)
koncentraéni rozmezi, mg L} 12,3 - 82,5 14,1 - 131,5
pocet embryi 14 7

kontrolni skupina, Kon

primér, mg L™ 22,3 (10,2) 22,8 (11,1)
koncentra¢ni rozmezi, mg Lt 11,7-46,5 10,5 -40,3
pocet embryi 11 10

Tabulka 8 - Primérné hodnoty, koncentra¢ni rozmezi a smérodatné odchylky (uvedené v zavorkéch)
stanoveni koncentrace kyseliny motové v separaénim pufru 60 mM MES + 30 mM Tris + 0,001 %
polybren (pH 6,1) v alantoické tekutiné kufecich zarodki ve stafi 10 a 14 dni.

Zarodky s agenezi ledviny

stari 10 dni

stari 14 dni

pramér, mg L™

koncentra&ni rozmezi, mg L™

808,7 (313,4)
143,4 - 1208,5

1502,3 (566,3)
835,4 — 2131,6

pocet embryi 14 7

kontrolni skupina, Kon

primér, mg L™ 939,8 (278,9) 1391,9 (436,2)
koncentraéni rozmezi, mg L! 542,4 -1397,8 977,7-2061,8
pocet embryi 10 10
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3 ZAVER

Pii CE stanoveni kyseliny mocové v biologickych vzorcich se osvéd¢il
separa¢ni pufr MES/Tris. V optimalizovaném separaénim pufru 60 mM MES +
30 mM Tris + 0,001 % polybren (pH 6,1) bylo dosazeno Uplného oddéleni kyseliny
mocové, askorbové a p-aminosalicylové. DosaZeny limit detekce pro kyselinu
moovou 0,2 mg L' je dostaten& nizky pro pouiti vypracované metody pfi
analyzach reélnych klinickych vzorka.

Tato metoda vyZaduje pouze minimdlni Upravu vzorku. Vzorek se pouze
natedil a byl pfipraven rovnou k analyze. Celkové doba CE analyza kyseliny mo¢ové
trvé pouze 15 minut.

Pomoci této metody je mozné stanovovat hladinu kyseliny mocové ve velmi
malém mnoZstvi vzorku. Analyzy byly provadéné v 1 uL. plazmy kufecich zarodkf.
V tomto pfipad¢ stanoveni kyseliny mocové je vzorku plazmy kufecich zarodk
velice malé mnoZstvi, které by nestafilo pro analyzu metodou HPLC nebo pro
stanoveni enzymatickymi metodami.

Metoda byla pouZzita pro CE stanoveni kyseliny mo¢ové u ¢asnych kufecich
zarodkil ve stafi 10 a 14 dnu v jejich plazmé a alantoické tekutin€. Kufeci zarodky
byly rozdéleny do dvou skupin — embrya s operativné vyvolanou agenezi ledviny
a kontrolni skupina. Vypracovand metoda je vyuZitelnd pro odhalovani
hyperurikémie, jejiz vyskyt ma pfimou souvislost s nedostate¢nosti jedné ledviny
odstratiovat z krve odpadni produkty metabolismu dusiku. Hodnoty kyseliny mocové
v plazmé kufecich zarodkd se statisticky vyznamné li§ily na hladin€ vyznamnosti
0,05 mezi skupinou kufecich zarodkl s agenezi ledviny a kontrolni skupinou.
Hodnoty kyseliny mo¢ové v alantoické tekutin€ se statisticky vyznamné neliSily na

hladin€ vyznamnosti 0,05 u Zadnych skupin.
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Capillary electrophoresis with diode array detection (DAD) was used to determine
uric acid (UA) in chicken plasma and the allantoic fluid of chicken embryos. Com-
plete separation of uric and ascorbic acids was attained in less than 10 min in the
optimized BGE containing 60 mM MES + 30 mM Tris + 0.001% (w/v) polybrene
(pH 6.1). The limit of UA detection (0.2 mg/L) was found to be low enough for sensi-
tive analysis of native plasma and allantoic fluid samples. Range of linearity (1-
200 mg/L), repeatability for peak area (CV <4.1%) and migration time (CV <2.5%), as
well as recovery of UA from biological samples (97-100%), were found to be satisfac-
tory. The method was applied to detect the elevated UA concentrations (hyperurice-
mia) in chicken embryos with induced unilateral renal agenesis. CE/DAD analysis of
the chicken plasma can be carried out with a relatively small volume of samples

(1 uL).
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1 Introduction

Uric acid (UA, Fig. 1) is the end product of catabolism of
purine nucleosides adenosine and guanosine [1]. In clini-
cal practice, UA tests are used to evaluate the elevated
blood levels of uric acid to detect hypertension, vascular
disease, Lesh-Nyham syndrome, or gout, as well as to
assess uric acid levels in urine for kidney stone formation
[2]). The urine test is most often used to monitor patients
already diagnosed with kidney stones, but it can also
serve to detect the metabolic disorders that affect the
body’s production of uric acid and to help measure kid-
ney function [3). Apart from the role of UA as a marker of
a series of diseases, it has been shown that UA exhibits
antioxidant activity and protects living organisms from
reactive free radicals [4, 5]. In several groups of living ani-
mals (birds, reptiles, some amphibian species, and most
insects), UA is the major end product of nitrogen metabo-
lism including catabolism of proteins [6].
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Figure 1. Molecular structure of uric acid.

Conventional methods for determination of UA in bio-
logical samples are based on the catalytic oxidation of
UA to allantoin in the presence of the enzyme uricase,
using colorimetry and flow injection analysis [2, 7-9].
These methods suffer from some drawbacks, such as the
pronounced effect of temperature, the need for unstable
and expensive reagents, and the necessity to perform the
analysis with relatively large volumes of samples
(100 pL). Therefore, a number of alternative methods
have been developed. Simultaneous determination of UA
and related metabolites by ion chromatography and
chromatography on chemically bonded phases was
reported [{10-12]. GC/MS has been shown to be a suitable
method for determination of N isotopic enrichment
and concentration of allantoin and UA in urine {13]. The
direct and selective method for determination of UA in
plasma and urine could also be based on the electro-
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chemical oxidation of UA [14]. Capillary electrophoresis
(CE) has turned out to be a method of choice, which
offers high separation efficiency, short analysis time, low
sample consumption, and requires only simple pre-treat-
ment of biological samples. CE separation in open silica
capillaries has been used for a simultaneous determina-
tion of UA and ascorbic acid (AA) [15-18]. Detection of UA
in CE could be based on either UV light absorption [15-
24] or the electrochemical oxidation of UA at a carbon,
Cu, or Pt electrode {25-29], both attaining LOD values in
the pM range. A fast electrophoretic separation of uri-
nary UA using the micro-fluidic technique with the elec-
trochemical detection was also reported [30}.

The aim of this work was to test the CE method with
the diode array detector (DAD) for monitoring of UA in
chicken plasma and the allantoic fluid of chicken
embryos. Measurements of UA concentration have
already been used for an assessment of the capacity of
embryonic kidneys to excrete UA from blood to urine.
The efficiency of this process was demonstrated on the
embryonic kidney, the mesonephros, already at embry-
onic day 6 or even at day 5 [31]. In our experimental pro-
tocol we determined the UA concentration in the plasma
and urine of the chicken embryos with induced unilat-
eral renal agenesis in order to reveal the functional
capacity of remnant embryonic kidney, the mesoneph-
ros [32]. The increased concentration of UA in blood
plasma of experimental embryos (hyperuricemia) indi-
cated the insufficiency of the single kidney to clear blood
from nitrogen wastes properly. We shall show that CE/
DAD can be used for a detection of UA in a very small vol-
ume of the plasma sample (1 pL).

2 Experimental
2.1 Instrumentation for CE

CE measurements were carried out using an HP*"CE sys-
tem (Agilent Technologies, Waldbronn, Germany)
equipped with a built-in DAD and controlled by the
ChemStation CE software. A fused-silica capillary covered
by a protective polyimide layer (77.5 cm in total length,
69.0 cm to DAD, 75 pm id x 375 um od, Composite Metal
Services, UK} was used at a controlled temperature of
25°C. Before its first use and before changing the BGE,
the capillary was conditioned by washing with 0.1 M
NaOH (20 min), then with deionized water (20 min), and
finally filled with BGE overnight. Between each two CE
analyses of biological samples, the capillary was washed
in sequence with 0.1 M NaOH (2 min), deionized water
(2 min), and BGE (4 min). The introduction of sample
into the capillary was performed under a pressure of
50 mbar for 20 s in all experiments. CE separation was
performed in the anodic mode with applied voltage
-25 kV.

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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2.2 Chemicals

All chemicals used were of analytical grade. Uric acid
(UA), Tris, CHES, hexadimethrin bromide (polybrene),
cysteine, NaOH, and acetonitrile (ACN) were purchased
from Fluka; MES, ascorbic acid sodium salt, p-aminosali-
cylic acid (PAS), and EDTA were purchased from Sigma;
sulfosalicylic acid and perchloric acid were purchased
from Lachema (Brno, Czech Republic). Deionized Milli-Q
water (Millipore, Bedford, USA) was used for preparation
of BGEs and stock solutions of analytes. Stock solutions
of UA (1 mg/ml) and PAS (1 mg/mL) were dissolved in
water alkalized with NaOH. Stock solutions of ascorbic
acid (AA) (1 mg/mL) were prepared by dissolving the sub-
stance in a solution containing 100 mM cysteine and
10 mM EDTA in order to avoid AA oxidation. Model mix-
tures containing AA were diluted in 10 mM cysteine and
1 mM EDTA. Stock solution of polybrene at concentra-
tion 0.1% (w/v) was used for preparation of BGEs. All
BGEs and stock solutions were stored in a refrigerator at
4°C. A laboratory pH meter (pMX 3000, WTW, Wissen-
schaftlich-Technische Werkstitten, Germany) was
employed to measure pH of BGEs, where polybrene was
replaced with the same amount of deionized water. All
BGEs and samples were filtered through 0.45-um mem-
brane filters (TESSEK, Czech Republic).

2.3 Sample collection

Chicken embryos from the Grey Leghorn breed (Kolec
Farm, Institute of Molecular Genetics, Academy of Scien-
ces, Czech Republic) were incubated at a temperature of
37.5+0.1°C and a relative humidity of 55-65%. The sur-
gery bringing about the unilateral renal agenesis was per-
formed according to Bishop-Calame [33] by interrupting
the path of the caudal migration of the mesonephric duct
at age 36-42 h through a drilled window in the shell
above the embryo [32]. The windows in the eggs were then
covered with parafilm squares sealed to the shell at their
periphery. Both operated and intact control embryos
were incubated until day 12 or 14. Then the sealed win-
dows were opened and fluids collected. The allantoic fluid
was collected from the superficially exposed allantoic sac
using a sharpened glass micropipette of capacity about
1 mL. Blood was collected using the fine sharpened micro-
pipettes with the tip diameter of about 20 um. Blood
plasma was separated by centrifugation from blood cells
and after reading of hematocrite it was also collected into
0.1 mL microtubes (Eppendorf). All samples of plasma
and allantoic fluid were stored at-80°C.

2.4 Deproteinization of chicken plasma with
acetonitrile

A 5-uL volume of the plasma sample was mixed with

10 uL of ACN in a microtube. The mixture was centri-
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Figure 2. CE separation of model mixture
of UA (25 mg/L), AA (50 mg/L), and PAS
(20 mg/L). BGE: (A) 60 mM MES + 30 mM
Tris + 0.001% (w/v) polybrene (pH 6.1);
(B) 60 mM CHES + 30 mM Tris + 0.001%
(w/v) polybrene (pH 8.6). Hydrodynamic
injection, 1000 mbar - s; =25 kV. Peak
identification: (1) PAS; (2) AA; (3) UA.

Insert: absorption spectrum of UA
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fuged for 5 min at 4000 g, and the supernatant was
injected directly into the separation capillary.

2.5 Preparation of chicken plasma and allantoic
fluid samples by dilution and alkalization

Owing to the low solubility of UA in the water/organic
solvent mixtures and acid media, the samples of the
chicken plasma and allantoic fluid were treated by alkali-
zation and dilution before CE analysis. Alkalization was
performed by addition of NaOH in an amount giving a
final concentration of 0.01 M, which was sufficient for
total dissolution of UA in biological samples. Deteriora-
tion of CE separation was observed at concentrations of
NaOH higher than 0.1 M.

Chicken plasma (1 pL) was mixed with 1 pL of compo-
site solution (0.1 M NaOH and 50 mg/L PAS) and diluted
with 8 pL of water. Sample was prepared in a plastic vial
with insert, which was employed for sample injection in
CE. The final concentration of NaOH in the sample was
0.01 M, the concentration of PAS was 5 mg/L, and the
plasma was 10-times diluted.

Allantoic fluid (50 pL) was mixed with 50 uL of 0.2 M
NaOH; after that 20 pL of PAS (1 mg/mL) and 880 pL of
water were added. This mixture was injected directly
into the capillary. The final concentration of NaOH in
the sample was 0.01 M, the concentration of PAS was
20 mg/L, and allantoic fluid was 20-times diluted.

3 Results

3.1 CE determination of UA in a model mixture

Figure 2 shows the CE separation of UA in a model mix-
ture of UA, AA, and PAS with either MES[Tris or CHES/

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Tris as a separation electrolyte. Unlike inorganic ions of
the phosphate, borate, trycine, or glycylglycine buffers,
which have been previously used for the CE determina-
tion of UA in the human plasma and urine [15-24], the
MES/Tris or CHES/Tris buffer ions exhibit a low mobility
and can be used in high concentrations without generat-
ing significant currents. Actually, higher concentrations
of the buffer components could suppress the effect of
adsorption of proteins from the biological samples on
the silica capillary walls. In order to optimize the compo-
sition of employed BGEs, the concentration of Tris was
varied in the range 10-50 mM, while the concentration
of MES or CHES was kept constant (60 mM). AA is a com-
mon component of the clinical samples, and PAS was
used as an internal standard. Polybrene added to the BGE
is a cationic surfactant. Its adsorption on the silica capil-
lary walls can reverse the electrosmotic flow (EOF), which
then has the same direction as the migration of anions.
As a result, the migration time of the anionic species
including UA, AA, and PAS can be reduced.

Of the studied BGEs, the 60 mM MES + 30 mM Tris +
0.001% (w/v) polybrene (pH 6.1) mixture yielded a consid-
erably better separation efficiency of (1.58 £ 0.13) x 10°
theoretical plates, and a resolution of UA and AA of
5.60 + 0.38. In the CHES/[Tris system, the separation effi-
ciency is more than 10 times lower, and the resolution of
UA and AA is only 0.94 £ 0.02. Lower efficiency can be
ascribed to a higher electrodispersion of analytes leading
to a broadening of the UA peak (Fig. 2, panel B). The effect
could be also responsible for the skewed shape of the PAS
and AA peaks. On the other hand, the difference in pH
between the MES(Tris (pH 6.1) and CHES|Tris (pH 8.6) buf-
fer is responsible for changes of the mobility of tested
weak acids.

www.jss-journal.com
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Table 1. Parameters of the linear calibration curve for a CE/DAD determination of UA in a model mixture and samples of chicken
plasma and allantoic fluid. All concentrations were measured in triplicate; standard deviations are given in parentheses. The
standard addition method was used for evaluating the peak areas in samples of plasma and allantoic fluid.

Parameter

Model mixture

Plasma Allantoic fluid

Concentration range tested (mg/L) 0.5-100
Slope (sensitivity) (mAU * s - L - mg™) 9.00(0.03)
Intercept (mAU - s) 0.15(1.59)
Standard error (mAU - s) 3.11
Correlation coefficient 0.9999
LOD (mg|L) 0.2

LOD (uM) 1.2

1-100 1-200
8.82(0.26) 9.23 (0.20)
0.36 (0.76) -7.84(9.57)

The parameters of the linear calibration curve for a CE/
DAD determination of UA in the model mixture in
60 mM MES + 30 mM Tris + 0.001% (w/v) polybrene
(pH 6.1) are summarized in Table 1. Peak areas for UA
were evaluated at a wavelength of 292 nm (cf. the absorp-
tion spectrum of UA shown in the insert of Fig. 2). The
given parameters were obtained by evaluating the peak
areas for all the concentrations being measured in tripli-
cate. The LOD was estimated from the peak height corre-
sponding to three times the detector noise. The attained
LOD value of 0.2 mg/L (1.2 uM) is in good agreement with
that reported for optical or electrochemical detectors
[15-29].

3.2 CE determination of UA in chicken plasma
treated with ACN

Acetonitrile (ACN) has often been added to the plasma
samples for the purpose of deproteinization and with
the aim of eliminating the irreversible adsorption of pro-
teins on the silica capillary walls. Therefore, the plasma
samples treated with ACN were analyzed first using the
optimized BGE of composition 60 mM MES + 30 mM Tris
+0.001% (w/v) polybrene (pH 6.1). Figure 3 shows the elec-
tropherograms of chicken plasma mixed with ACN,
which were measured immediately after sample prepara-
tion (panel A), after 12 min from the sample preparation
(panel B), and after 24 min from the sample preparation
(panel C). Apparently, the measurable UA concentration
in the sample decreases with time and, after 12 or
24 min, only 56 or 16%, respectively, of the initial UA
amount is detected. Addition of ACN seems to gradually
bring UA back out of solution by converting UA into its
insoluble neutral form. Deproteinization of the plasma
sample by a strong acid (HCIO,, sulfosalicylic acid) had a
similar effect. Therefore, we had to rely on suppression
of the protein adsorption effect by relatively high con-
centrations of the buffer components and by extended
washing of the capillary after the analysis.
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Figure 3. Electropherograms of the chicken plasma mixed
with ACN: (A) immediately after the sample preparation; (B)
after 12 min from the sample preparation; (C) after 24 min
from the sample preparation. BGE: 60 mM MES + 30 mM
Tris + 0.001% (w/v) polybrene (pH 6.1); hydrodynamic injec-
tion, 1000 mbar - s; —25 kV.

3.3 Linearity, repeatability, and recovery of the
CE method

Table 1 summarizes the parameters of the linear calibra-
tion curves for the CE/DAD determinations of UA in the
chicken plasma and allantoic fluid, as measured by the
standard addition method and by evaluating the peak
areas. The attained sensitivity (slope) and LOD are practi-
cally the same for the plasma, allantoic fluid, and model
mixture. The repeatability of the CE/DAD method was
examined by repeated treatment and immediate CE anal-
ysis of the selected sample on the same day. Low values of
the coefficients of variation (CV) of the peak area and the
migration time for both the plasma and the allantoic
fluid (Table 2) indicate that the accuracy of the CE/[DAD
method for the determination of UA is satisfactory.
Somewhat slower migration of UA in plasma could be
due to the more pronounced effect of protein adsorption
on the capillary walls, leading to a lower EOF. Finally, the
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Table 2. Repeatability of the CE determination of UA in the
chicken plasma and the allantoic fluid of the chicken
embryos with the estimated mean concentration of UA in
plasma (19.05 + 0.51) mg/L and allantoic fluid (684.4 + 27.7)
mg/L. Standard deviations are given in parentheses.

Parameter Plasma Allantoic
fluid

Mean peak area, (mAU - s) 17.29(0.46) 308.12(12.48)

CV (%) 2.64 4.05

Mean migration time (min) 11.50(0.28) 10.92(0.13)

CV (%) 2.43 1.19

Number of repeats 7 6

standard addition method was used to examine the
recovery of the CE/DAD determination of UA in both the
plasma and allantoic fluid by evaluating the peak areas
(Table 3). Mean values of the recovery found for the
plasma and the allantoic fluid, 98.5+1.0% and
100.8 £ 0.6%, respectively, are quite acceptable.

3.4 Detection of hyperuricemia in chicken plasma
and allantoic fluid

The CE/DAD method was used to detect UA in the chicken
embryos (embryonic day 12-14). Figure 4 shows the elec-
tropherograms of the chicken plasma and the allantoic
fluid with a low (panels A and C} and high (panels B and
D} level of UA. The optical detection at 292 nm reveals
the dominant peak of UA, which can be easily identified
by UV absorption spectroscopy. The peak of AA is not pro-
nounced, because the detection of AA would require
addition of an antioxidant agent to the collected sample
to prevent the oxidation of AA by atmospheric oxygen.
Table 4 compares the range, mean, and variance of the
UA concentrations in plasma and the allantoic fluid of
the chicken embryos with and without induced unilat-
eral renal agenesis. Determined concentrations were
statistically processed by ANOVA and I-test at the signifi-
cance level of 0.05 using Origin software (Origin 6.1, Ori-
ginLab Corporation, Northampton, MA, USA). Statistical
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Figure 4. Electropherograms of the chicken plasma and
allantoic fluid with a low and high UA level (in parentheses):
(A) plasma (16.0 mg/L); (B) plasma (81.8 mg/L); (C) allantoic
fluid (374.8 mg/L); (D) allantoic fluid (1064.6 mg/L). Hydrody-
namic injection, 1000 mbar - s; —25 kV.

Table 4. Range, mean and standard deviation (in parenthe-
ses) of the UA concentrations determined by the CE/DAD
method in plasma and the allantoic fluid of the chicken
embryos (embryonic day between 12 and 14) with and with-
out (control group) induced unilateral renal agenesis.

Plasma Allantoic
fluid

Chicken embryos with unilateral renal agenesis
Mean concentration (mgjL) 45.4(16.8) 854.7(209.1)
Concentration range (mgfL) 25.9-81.8 491.9-1164.6
Number of embryos 9 9
Control group
Mean concentration (mgj/L) 19.7 (6.5) 929.4(262.0)
Concentration range (mgjfL) 11.8-30.6 536.2-1383.2
Number of embryos 9 9

evaluation shows that the mean UA plasma concentra-
tion in the group of the chicken embryos with the agene-
sis is 2.3 times higher than in the control group, and that
this difference is statistically significant. Typically, the
UA levels in the allantoic fluid in both groups are about

Table 3. Recovery of UA from plasma and allantoic fluid samples by the standard addition method evaluating the CE/DAD peak

areas. Standard deviations are given in parentheses.

Plasma Allantoic fluid
Added (mg/L) Measured (mg/L) Recovered (%) Added (mg/L) Measured (mg/L) Recovered (%)
0 19.05 - 0 774.2 -
5 23.92 99.5 100 875.0 100.1
10 28.20 97.1 200 988.9 1015
20 38.67 99.0 400 1182.7 100.7
Mean (%) 98.5(1.0) 100.8 (0.6)
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10-100 times higher than those in plasma, but the differ-
ences in the UA concentration between the two groups
are statistically insignificant.

4 Concluding remarks

The volume of plasma collected from a single chicken
embryo amounts to approximately 10 pL. Such small vol-
umes cannot be analyzed using the standard enzymatic
or chromatographic methods available in clinical labora-
tories. On the other hand, the volume of the sample
injected into a CE capillary can be of the order of units to
tens of nL, and the CE analysis can be performed with
plasma samples as small as 1 uL. Complete separation of
UA and AA can be attained in less than 10 min in the
optimized BGE containing 60 mM MES + 30 mM Tris +
0.001% (w/v) polybrene (pH 6.1). The limit of detection of
UA (0.2 mg/L) is low enough for reliable monitoring of
UA and for detection of the elevated UA levels (hyperuri-
cemia) in plasma and allantoic fluid samples. Linearity,
repeatability, and accuracy/recovery of the method are
quite acceptable. Since the MES[Tris or CHES[Tris buffer
ions exhibit a low mobility, they can be used in high con-
centrations without generating significant currents,
with the advantage of improved protection of the silica
capillary walls from the adsorption of the plasma pro-
teins. The CE determinations of the UA concentration in
plasma and the allantoic fluid of the chicken embryos
with and without the induced unilateral renal agenesis
confirm the insufficiency of the single kidney to effi-
ciently clear the blood plasma from UA.
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