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The stability of allantoin was studied in pH 3.0, 6.0, and 8.0 buffer
solutions at 50°C for 55 d. Allantoin was determined by high performance
liquid chromatography (HPLC) with a cation exchange mode and colorimetry.
The known degradation compounds, allantoic acid and glyoxylic acid, were
simultaneously determined by ion chromatography. Urea was determined
by HPLC with an ion pair mode.

In the stability studies on pH 6.0 and 8.0 solutions, new degradation
compounds of allantoin were identified as two growing unknown peaks in
the HPLC chromatogram. Isolation of these compounds by preparative
HPLC and 'H, N and '*C-NMR spectra revealed that they were conden-
sates of allantoin and glyoxylic acid, which also reacted positively in phe-
nylhydrazine colorimetry. The amounts of these compounds were calcu-
lated from the determination results of other allantoin related compounds
in the buffer solutions and were estimated as the biggest amount among all
other compound. As they were found to be stable in an alkaline solution,
conditions for hydrolysis in the colorimetric determination of allantoin were
further examined. It was found that the longer hydrolysis gave more than
909 recovery in the colorimetry.
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XD, Bl BEROBEAYRE L. BiL, TOEKBYERTHI LT, ThLOAER
B, TORRBERBCRT 2 EREETOREREYBLNCTH ENTE LD THRET 5.
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1. 3 EEPERVRE 73V M viEs—=ra 707 (K BoboxfHw, M
Eix 8% UETHS.

TSV AVIBEFASAT A (B B, 7V 4F e —KEITFEMEETE ) %, R
FITBHLFE () Bo& & 3Rz 1.

75 v A vOBEBCHACHEEERRE, ETEEABRCH W BERROAE LC A
BB OTEECIE, & 4 AL RO — HPLC 7 v— Faz A L.

RIS (NMR) 27 b VB WIEY 2 F LAV 5 ¥ F (DMSO-dy) 13 4 1V 2 4
oL DOTHS.

2. FERABE T IV VOBEEERERL U THV . HPLC BB HASETE () # -
TRI ROTAR-UI T v, EAERBEBEEMLE UVIDEC 100-III ThH5., » 5Lk =2
LB T% (%) BARERNE» 5 v e ig - MCI gel CKO8S % Fiig L7cP3fE 8 mm, £ & 50cm
D DEFERLI.

75 A VEE, ZVFFVABOERCACIA A Y IR~ /57 4 — (IC) 12, Dio-
nex 8o QIC 77 74 ¥ — N 4mm, £ X 25cm OFH:H HPIC-AS4 7 5 & &5k L.

REOERECH e HPLC $E i, HirBUFERT (kk) 8 635 BicBADXTE () Bofksit
AEEEBHSE « UVIDEC 100-11 %826 L, # 7 & LA E2ERT2eRT (KR # « YMC-Pak A-312
(ODS), A 6 mm, & 15cm Z{HH L.

5ml of the diluted buffer containing 0.05 mg
of allantoin in 25 ml volumetric flask

«—1ml of 0.5N NaOH

placed in a boiling water bath for 7 min

—1.5ml of 0.5~ HCI

«—1ml of 0.33% aqueous phenylhydrazine hydrochloride solution

placed in a boiling water bath for 2 min

immediately plunged into an ice-salt bath (—10°C) for 30 min
«— 4 ml of concentrated hydrochloric acid
«—1ml of 1.67% aqueous potassium ferricyanide solution

shaken for 10 min

filled to the mark with distilled water
|

stand for 1h

measurement of absorption curve from 400 to 620 nm
Fig. 1. The Procedure for Colorimetric Determination of Allantoin in Buffer
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TaBLE I. HPLC Conditions of Allantoin Related Compounds

Allantoic  Glyoxylic

Compound Allantoin acid acid Urea
Separation mode Cation exchange Anion exchange Ion pair
Column MCI gel CKO08S HPIC-AS4 YMC-Pak A312

‘ 8mm i.d. x50 cm 4mm i.d.x25cm 6mm i.d.xX15cm
Mobile phase 195 H3PO, 3 mmM Na:B,Or 0.01M SDS
pH 2.0 (H;POy)

Flow rate (ml/min) 1 1.5 1
Column temperature (°C) 50 Ambient 40
Detector (nm) UV 210 Conductivity detector UV 200
Injection volume (pl) 15 50 20
Retention time (min) 16.0 4.8 6.0 9.4
Determination limit (ng)® 60 50 50 60
Detection limit (ng)® 10 10 50 60
a) Lower limit of the calibration curve. b) S/N=S5.
7Y M VORBEREE, BASHITE )

(#F) B4 « RS HKESH « UVIDEC

610-C Z{FH L 7. * 1
TR OREERNT W W e B SR 4

(NMR) &1, HABET () - GX-400 7

¢, 'H(400MHz), 1*C (100MHz), **N (40 MHz)

NMR 27 b L%HITE L.
3. 77 MOREHRBRESE pH

3.0 ofEEiE 0.01 M EREE-EEEE + U v A,

pH 6.0, 8.0 DiE@E WKL 0.01m ¥ vEBR—KFEH» [

Y v £-0.005M AR CHTHEL, 2D 3D —

) I WS R N E—
BERCHREENE LT, =&/ —1% 5% 0 246810

(V/V) TR%tet8, 10mM 75 v b A T % T8 Retention time (min)

Bt = hbOWEY 50°C ofEE it 55 Fig. 2.. Sep.aration of Allantoic Acid and Gly-
oxylic Acid by IC

HFERIFL, BFFICBT 57 7 F 1 v ROE (1) allantoic acid, (2) glyoxylic acid.

DEIFEMB OB EZIT, IMEZERRBRE L

7.

4. EE* 77 A v OHAEEL, Young, Conway o i Ui, = OE/EFIEA

Fig. 1 =75+

HPLC FHEBRBR L, BEEEY 1+ v RBK CHGTFR U TR L 7.

5. HPLC &#  AFBRCH\ /o HPLC 4ff, BIEEREYE O RN, BRILERS o0
T Table Iz Labfe. IC s\ Ci%, BEIEERH O+ v DBENMEL 251, 75 v ¢
AV, 7YV AF VAT, 7 ACES BRI LIOIRCRDI LD, WMEORH 10 4
AT, 2 onrikd RIFICic s 3mm CBE L. Zof&fickiFs 7 v~ 75 4% Fig. 2
WL, i, ICHMOBIC, 75 A0 BEREBXHEBIE, BEEOD 2EEXEL D, R
BHREARIT L5M KEET b U v 2 KB 50 ¢ A Lic, RFE@OWTIit, Taylor Hic kL 3 # L
RE7 =777 4 —CORPBIP SR SRB25, & Tk, HHESER (ODS) » 5 A% Fi-
TH YRHEC L - TRE L. DLEOSHEFIC KT 54 4 OREHRITTRCEE LB 5 BIFAE
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Fig. 3 1 pH6.0 X0 pH8.0 DEERIC KT D7 5V M 1 vORER, chIcfE>75 v+ A
VI, 7V AFUABROREOEBRERER L. ST, &4 DLEREIL, CEERELEY TS
T3V A v DENRBECBELICE, SHIE7 5V b Yol VBErsT 2848 (%) &
LTHEHBEL.

H
.CO. N CHO COOH
NH,-CO-NH o NH,CONH_ b
— /CHCOOH
NH NH,CONH CO-(NH,),
o I v
1
Chart 1
(a) pH6.0
10

(%)
80r

Fractional component
D
o

(b) pH8.0

Fractional component
(¢)]
(@)

0 5 °10 15 20 25 30 35 40 45 50 55
Time (d)

Fig. 3. Degradation of Allantoin in the Buffer Solutions Stored at 50°C
O, allantoin; 2, allantoic acid; O, glyoxylic acid; M, urea.
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pPH 3.0 DEEWKTFDOT7 5 v M1 iz 50°C B 1 7 A WTCL IS ED 98% MWEBELT
B0, »pog@EY 3BT RABRE IR ot TRODRERNDS, 75V b A VIR
TR D TRERCTFEAET A0, pH 3L L7 4 h Y IS IR WARLERC I D 2 & HiER
L.

¥, MOARKETH- 7= PH8.0 DBHICONWT, DBERYORRE A2 D L, HEFiET
BHT VA VR, S, TV VORRICHE S THEOAERERET A, FEF 20 HE X
D, TOEREIDVST 7V 4 VIBBRONBED EF> TW5 2 L0015,

T3 VORI RERY THDL 7V AFOABRERER, 75V A VROT SV AV
RO AE - TREBIIEML T W%, FHELTE, 77V b YIZF L EALBBET S LT
FE DA —8 T 5 L Bbhin, Fig. 3 (a) (b) 1 7Y 4+ o ABRO LB basic /e
, ZVFAF VA BOBESTIMORIGEHBE TS Z EAVRBEIRE. 7V 4+ v figly, Hlo
KBFAT 50°C, 30 HORFELEMC KW TRETHHZ EXHERLTEY, 7V ++ v VBLHEFED
IIREE 21 o,

=7, 77V M vORERERNS Btk T, HBERE, T/hbb 7 4% v AickER
THEERDLZEGEELERYFEOLEbRS. U, cheBfELEHL, Fig. 4 i< pH
6.0 KO 8.0 DRI KT HEAEDOELER LI, ik, IR AaES 100% & LT, FDE
4, TIhbbEAK (%) L LTURLEL. I, CARHILTAEELDRAT ISV VAV, T35
VA VEBRO 7Y dFABOEEEH (%), TV AV, TV VBEROREOESGE
it (%) % Fig. 3 O R HRD T L., Bk, 2hb3Z0EEI—ET S0 LEbhi
2, MUCEBRLEKL T, HPLC B8 B X 2H4685 (%) MEL, 75 v M1 v Ok
DIEDEDLCHECTHZEDOEZEIREL Lo TWB I L2305, Xbic, HPLC BEEEOFTLE
WEER LARE R ED I L EOEERT (%) LEARLLELTY, pH6.0 DR TIIHEOX
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Fig. 4. Comparison of the Colorimetric Method and the HPLC Method in Determining the
Rate of Degradation of Allantoin in the Buffer Solutions Stored at 50°C

O, colorimetric determination of I; @, sum of the HPLC determination results of I,
II and III; A, sum of the HPLC determination results of I, IT and IV.
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I TH B A, pHB.0 DRTIIHOLMRENTD b, BEEOFNE L o T b, Mok
RID, 75V 4 vORMEKRE LT, Chart 1 -CRLAUADKEENE 2 bh, 0B
BEEMIDR LI 7)) % v ABE S RAEEWE TH D = EREE IR

2. ZEREMEOFTELIR

BHEODILDERTT SV M VOBEREROLIED I/ = s VS ARLT SV A VDY — 2
DA, FERRR 9 D7 5 v v A Vol THEINT S 2 Ao v — 2 %R, pHS.0
DTN 14 BRIk 7 v~ 275 4% Fig. 5 KR LD, KRIE, -HbDORS DRSS I
LN T AR 7. pH8.0 o2\ XA\, 75 v bA v ORFEE Ky 0.5%
(W/v) R Z L, 50°C DERMEI 37 HEKE L. BEMHFO ) vERRE X 0.01% K
TERCHIEETol. CDEED 7w~ 75 2% Fig. 6 KR LN, 2 Ko — 270K, =
NHET TV VA VEDHBECIXIZEA EEEY B2 Ieho e, i, 75 ANEN 8mm & Hilg
IR E DI, EOEBREREY 100l 3E8A LTh, ©— 27 ONMRRICITE A CBELA bR
Mole, ZOFEMT, 2 KoY — 2 0n uElEEY 30 EiRVEL, WMERBHERCT V7 — & —fhT
WHEHZR LIc& 4« OKEY (€—7 1§ 3mg, ©—7 2: § 1mg) &7

3. SBERDOBERIT

SR FZEoWT, NMR k- TESEE@ILEL. 29, 73 v 1 viow, 'H,
BC KO YUN-NMR 27 p A% BEL, %4 DEBFCOVTIRBEIT-7-. Table Il 7 5 v
Avo'H, BC RO YN oy s pry7 MELIRBREREY E Lo, ' H-NMR 227 L i 7
I ROT IR e VOEERO DI, 'H o YN-H: > 7 {H 2D-NMR 3 (HMQC)
%, BC-NMR 27 b AL, 'H #EH o BC-H: v 7 #HE§ 2D-NMR #: (HMQC K¢t HMBC)
FHIE L. chbikX-T, 5.2ppm 7 3 7 Fr b v, 6.85 KO 7.98ppm ©7 I F 7w b
VR BT Tn o 1o, 1048 ppm D w b VIRIRERIIBELTE LT, KBE S m b vE L
FRFBTH otz 75V A VORERTIE 3 B07 3 FFr b vIYFIELTWS 2, HEERIC
X, 2o vR=nENn T e b MELTCTOWABREBTHEEL TS LD EBbhic.

T3
‘ 3
3 3 ﬁ
3| f]
S &
o © 1
1
2
2
| NGRS I SN S — L N \ .y . , R
0 4 8122162 0 3 6 9 12 15 18
Retention time (min) Retention time (min)
Fig. 5. HPLC Chromatogram of Allantoin in pH Fig. 6. Preparative HPLC Chromatogram of Al-
8.0 Buffer Solution Stored at 50°C for 14 d lantoin in pH 8.0 Buffer Solution Stored at 50

(1), (2), unknown degradation products of °C for 37d
allantoin; (3), allantoin. (1), (2), unknown degradation products of
allantoin; (3), allantoin.
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TaBrLe II. Chemical Shifts in ‘H, 3C, and TaBLE III. Chemical Shifts in ‘H, 3C, and
15N-NMR Spectra of Allantoin (ppm) I’N-NMR Spectra of Degradation Products

) of Allantoin (ppm)

allantoin
degradation products (1) (2)
Hq B¢ 15N
1 13, 15
1 7.98(s) 98.3 H C N
2 10.48 (s) 156. 64 [6)) (2) (1) 2) )
3 143.3
4 5.25 (d-d) 62.38 1 7.22 (s) 7.14 (s) 97.0
5 173.39 2 9.97(s) 9.91(s) 157.38 157.05
6 6.85(d) 87.3 3 ND
7 157.29 4 73.96  73.96
8 572 () 73.2 5 174.09 173.68
6 7.83(s) 7.55(s) 90.2
7 156.29 156.85
we, e 1) Q) or vy VEgy 8 5.85(s) 5.77(s) 73.2
Table L g O o7 ) ZS@ 59 o

HEI 2D-NMR %7 7 v b 1 v DIRBRE R4
LEE, Thbiie v b4 VEBO ALY
TR VAP E LI DTH D EHEEI . (1) RO (2) 1%, 'H & *C OfF54 Table 1T
KRT RO, ThZhNKkoTnwaZ bl, HERED 4 2L 9 A RFRKETHLHZ L
by, ChbRv7ATvA~—DBREH S LB 5.

4. TF2 M -GV FFL LBRAMOREY

BEWERDOT7 v v 1 Vv OSIBRRBEE T, 75V b v-7 ) 4+ v AEBHEEY (AG) »k:
RETDEENDotel &b, BREERBLLT 5V A4 vEBERSOHKRCE T 5EE%T -
7o. AG 7% Chart 2 © X 54T % LIRETHE, AG ofEA V=2 AIV-1II) & LA
Ihb. chr AG HEHigfEs LT Fig. 7 KR, ffgCrze=1 754 Lkl s AG o —
7RI LBAERRPCRERML TS BbhB7 v v 1Y, T3V AV, 7V AFon

. N CO-(NH
_— CHCOOH
NH NH,CONH CHO COOH
o . I . I
I !
R ittt T e RIS, -
¥
NH,-CO-NH N
OH
HOOC-HC
OH NH
o

Chart 2
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Fig. 7. Comparison of the Calculated Amounts and the Peak Heights of Allantoin-Gly-
oxylic Acid Condensates

4, calculated amount of V, (V=2{IV—III}); a, peak height of V by HPLC; [, sum
of the determination of I, II, IIl and V; O, colorimetric determination of I.

5

mED AG DEIELE (%) 7=, LT
AG DY — 773, 2KDFE LTRDID,
121 AG BEEGECK G LICHmE R LT\ 5.
CORR, SEFTICCHELL AGIRT 5V b
AV ORRERYOTT, R REREEL S
DTCBZENHEEINS., —F, DEESE

—
n
o

-

—

o

(=]
T

Relative absorbance at 520 nm

BEROPBICONTIE, = hE TRARYR 80f
Wtz tBbhic75 v MY, 75V
BRI 7 ) A% v MO EIE AR (%) HEA
RIDLFELLEL b DB, Hiw AG % %%

Mz % &T, MEREEFE-BHLIMETKS
Eghode. L, BEEFEEMCHRE L Tuw
< &, 2 BoHEKRIL, AG DARRI EE Fig. 8. Effect of Hydrolysis Ti ¢ Allantoi

_ - . e ig. 8. ect of Hydrolysis Time o antoin-
50\_?;}’1?(, %é@k%ﬂéﬁ.ﬂ (%) THRBL, Glyoxylic Acid Condensates on Relative Ab-
EORMEL e bHAZRBD RS, sorbance at 520 nm

10 20 30 40 50 60
Hydrolysis time (min)
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TABLE IV. Recoveries of Allantoin by Colorimetric Determination

Alkali hydrolysis time 7 min 30 min

pH 6.0 buffer solution Recovery (%) 80.3 91.1

50°C, 48d CvV.® (%) 3.9 2.4
pH 8.0 buffer solution Recovery (%) 77.3 90.0

C.v.® (%) 5.8 1.8

a) Coefficient of variation. Analytical results were average of n=4.

AG 375 v A4 vERIcy, pHSO D7 A » ) &HETChHREBILELELT5. 2T, AG
DHBEBEOFERMEIC OV TORFET - 2. DEOBHAVET 5 v b4 v D 05% WK
50°C, 37 HEMEEMIZOWT, 0 100ppl % HPLC #EEEAL, AG )% —iENT L 1.
1 BIoZBER# 2ml ThHy, Zhic 3ml okeinz CRBRERE L, Fig. 1 olh@aEfER
BT% 05N KEEL b V) 7 AKEWK 1ml 2z 5807 47 ) R4 5 BEEE L
MFo. R %A Fig. 8 IR L. AG 07 vk ) AT oW TIE, FEk0 7 S0 4k
TRATDTHY, 30 HHELERETH D LMD fe.

RE 48 HIERAEE o pH 6.0 J O 8.0 DIEEIRIC DT, 7 4% U DRI R 5ERD T R &
30 HEC LB E0RERY Table IV i ¥ Lavie, Zhnb, 2 BOREERKE S 30 o7 v
MY SIRRERNC X 5 C, BB KT A7 5V A v ELToOEIRIE 90% kL@, &
EEDEBIRBS TEREMITH AN EL I TR D, DWBEOR R /toTWD Z E080h -
7z

E3 & &

BERF DT 5 b 4 v OHBBRICST, 4 HPLC %\ CEIFNER L.
TOMR, 77V A VORBERME LT, RO LMBRT DT Y+ VEE, 7V F+F
YNBRES O BEEEE Y BB Lic. 2he0L, NMR BBl > C7 5V A vV &2 Y F
FYNVMOMEW CHH LWL L. SR, BRCOTER L7 Y Ik 2 L BRAFO
T2 VHERIGELIchDEBbh, 75V A vECRE LSS, SEHRE Lokt T T
W, DRRERMOR TR SEFEL L EVEES e, 1, ZOMEWET vh ) &k
TCLRBICHFHET 700, HEROLOAERECHVORTNS 7 AN ) KD EEIE TR
DRINT, HBECRWTT 53V M YO ERBEIMETT 5 BRIC - TV 5 & s 1o,
B ORR, 74 ) SRR RERD T 555 30 SR F5 2 LItk - T, 50°C T 48 |
FRAE L 72 pH 6.0 FU* 8.0 DB D T 7 v F A 1% 90% M LoBIERLES - LA TR,
CDOLSKE, TR KSR ORN Y LB 2T, DO REKRELFICIERTLLDE
Lic, DEomMBER, 79 M v a5 T 2880085, & 5\ R85 © o258 & SRl
TH5ECTERRME RS 250 L Bbhsny, BH 10% HDIOVWTCEARETHH, SEAW
rEREC I 2%, FEMAYEELCLMETES L 0TI, KA L LToRaA Y
DEIEIRBEIND.
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