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A se&it&e, r,eprodu&le, and s&z&Tic ‘k&hod-for th@ detc + tion of urinary thinmine 
has been established. U*que ktbis inetbod is the use of big&pressure liquid chromato- 
graphy (HPLC) tu se&rate the flriokscent thiax&k derivative’from interfering flu&eskent 
compounds. -U&‘samples :kvere passed tbraugh ‘a Dee&o’ cation+mh+g@ cohunm, washed 
Nth 0.6 Ici KCL to remove sorae int&rFerhg compouads, and eluted with 3.4 M KCl. The 
eluted thiamine m. conv@edf;o .&e flu0 resee& aexivative, thkykronie, by reaction with 
&dine- pot&&i&~ &ricya&de. The &action mixture was extracted .with isobutanol and 
sub$&ed to EKPLC &i&xed b$ a fkrescent dete&r. 

With+Iay and day-to-day coefficients of variation proved to he 2.5% ani 1.296, re- 
spktimdy. Recovery of ‘added thiamine (range 0.04 to 2.0 &/ml) .&s-+ged 99.9 2 5.3%. 
The sensitivityof this method was 0.03 pg/xnl. 



the nutritional status of thiamine in human surveys [Z-4]. Other studies 
suggest that thiamine-to+reatinine ratios might provide a better index of thia- 
mine deficiency [5,6]. 

The urinary thiamine assags inco2porat& cotiversion of thinmine to thio- 
‘chrome, which was first described by Jansen 171 in 1936. The early studies 
incorporating this reaction [8,9] suffered from low recoveries and non-specif- 
ic interfering substances. Subsequent investigations attempted -to elimiuak 
these problems by modifying the early procedures. Cyanogen bromide has 
been used in place of potassium ferricyanide to optimize the oxidation of . 
thxxmine [lo]. Burch et al. [ll] , using whole blood and blood’ cells, corrected 
for non-thiochrome fluorescence by measurement before end after ultraviolet 
destruction of thiochrome. Haugen 1121 eliminau the chromatographic 
separation [B, 91 by incorporating a blank tube containing benzenes@fonyl 
chloride which destroys the thiamine[l3]. Eeveihe 1141 modified Haugen’s 
procedure by adding a third recovery tube ;to correct for quenching ,effects. 
Schultz and. Nat&on [15] used &nberhte CG-50 resin, adjusted the pH to 
9.8-10.0 for the thiochrome reaction and subsequent extraction, end incor- 
porated a urine blank containing no potassium f&cyanide in an attempt to 
eliminate nonspecific fluorescence. 

This study describes a procedure that eliminsk urinary compounds which 
inhibit the- thiocbrome reaction. The utilization of HPLC further eliminates 
non-specific fluorescence. 

EXPERIMENTAL 

Reagents 
Distilled, deionized water was used to prepare all of the reagent solutions. 

All compounds, unless noted otherwise, were reagent grade and purchased 
from commercial sources. 

Isobutandl was Spectra AR grade from Mallinckrodt (St. Louis, MO., U.SA.) 
Thiocbrome was purchased from Pfaltz & Bauer (Stamford, Co&., U.S.A.) and 
was dissolved in isobutanol to a final concentration of 0.1 gg/ml. 

Thiocbrome Decalso (Permutit-T), 50-80 mesh cationexchange resin, was 
washed with water, 0.5 iW acetic acid, 3.4 &I potassium chloride, and finally 
with water until the fiual wash did not yield a precipitate with 297; silver nitrate. 
The resin was dried at 9O”for 24 .h and prepared as a water slurry when the 
columns were prepared. 

Alkaline potassium ferricyanide was prepared -immediately prior to use by 
diluting 4.0 ml of 1% potassium ferricyanide to 100 ml with 3.8 M NaOH; it 
was stored refrigerauxi in a brown bottle. 

Thiamine hydrochloride (M.W. 337.3) was dried at 90” for 24 h before 
preparing standard solutions in 0.1 iIf HCl. The working thiamine solutions 

iwere 0.15, 0.30, 0.60, and 1.20 pg/ml (1 mg of thiemine hydrochloride equals 
0.79 mg of thiamiue). Au intermediate thiamiue standard solu@on of 10 pg/mJ 
in 0.1 jI4 HCl was prepared also. All l&amine .solutions were stored refrigerated 
in brown bottles. The 0.5 M sodium acetate buffer was prep&d by adding 

,20 ml of 2.5 M sodium acetate solution to 35.5 ml of 1.0 &f HCI and dilutim$ 
to 100 ml with water; the pH, if necessary, was adjusted to 4.2. 



Methanol Was glass&MM -over &gnesiWk turnings and subsewentls 
&gassed and filtered through a~sinbed-glass funnel. Diethyl ether was similar- 
ly prepamd except tie magnesium was used when diaWing. The HFLC mobile 
phase was tiethanol4kthyl &her (22:88 v/v) and was prepared daily. 

APP-- 
Rio-Rad 10 X 0.7 cm I.D. gJ.ass-barrel Econo-Columns were used for the ion- 

exchange columns. The columns were filled to 9 cm with resin as an aqueous 
slurry and lightly tapped while settling. 

An A&x 250 X 3.2 mm I.D. stainless-steel column containing stainless- 
steel frits and packed with LiChrosorb 5 -pm particles was used for HPLC. The 
column was initially washed by pumping methanol for 1 h. An Mtcx six-port 
sample injection valve equipped with a 254 extemal sample.loop was used. A 
Milton-Roy contiolled-volume mini-pump and a No. 1309 LDC fluoro-monitor 
equipped -with a.360/400 + filter kit were employed. A Model No. 161 Linear 
Corp. chart recorder was used. 

A l3uch.i Rotavapor >R< with titer-aspired vacuum was used for all sample 
concentrating. Au International Kquipment Co. centrifuge, Model HN-S, was 
used in all sample preparations. 

Samples 
The urine samples were 24-h collections from healthy males and either 24-h 

or 2 X 12-h collections of pediatric patients (Cleveland Clinic Hospital), some 
of whom were receiving thiamine supplements. In all cases the urine was made 
acidic (0.1 M) with concentrated hydrochloric acid and stored frozen (-5O). 

Rat urine samples from a control group of a study involving induced thia- 
mine deficiency were used for recovery experiments only. These urines were 
made acidic (0.L M) and stored frozen. 

Procedure 
HP&C me&d. H uman urine (6.0 ml) in duplicate, or 6.0 ml of working 

thiamine solutions, or 6.0 ml of 0.1 M HCl (blank) was added to ‘2.0 ml of the 
sodium acetate buffer and 0.20 ml of 3.8 M NaOH. For recovery samples, an 
aliquot of the intermediate thiamine standard solution was added to the urine 
mixture. For rat urines, 2.0 ml of urine plus 4.0 ml of 0.1 M HCl or 4.0 ml of 
the working thiamine standard solutions (recovery samples) was used. In all 
cases, the pH was between 4.5 and 5.0. The samples were mixed and centri- 
fuged.. 

The. samples were added to the ion-change columns and eluted; the eluat&s 
and subsequent 2 X 8.0 ml water washings were discarded. Then 2 X 5.0 ml of 
dilute acid potassium chloride (0.5 M KCl - 0.1 M HCl) was eluted and dis- 
carded. Thiamine-was the” eluted with 15.0 ml of 3.4 Al KCl - 0.1 M HCI. 
Alkaline potassium ferricyanide (5.0 ml) was added to the thiamine eluate and 
allowed to react for 20 min; The reaction yas stopped by adding 15 rnlof 
isobutanol and swirling for 15 set to reduce-excess ferricyanide. The samples 
were then extracted by. shaking for 1 min. The isobutanol layer was then 
Washed iv@& 20 ml of water .Sodium sulfate was added and the isobutanol 
concentrated (35°-400) on the Rotavapor to about l-2 ml. The samples were 
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adjusted to a final_ volume of 3.0 ml with isobutanol and then centrifuged. 
For HPLC, the mobile phase .vvas pumped at 035 a;ll/~G~ until a stedy 

baseline was a&i@& About 0.5 ml of the sample .was loaded on the..sample 
loop and then inje&ed onto the column and the “zero time’? mar&d. The peak 
height method was used for qua&&&ion. In some cases, the thiochrome Peak 
was collected to compare its fluorescent spectrum with that of authentic thio- 
chrome. 

For precision studies, a 24-h urine from a healthy-male was collected -and 
made 0.1 M with hydrochloric acid. This -sample was aualyzed ten times for 
within+day precision. For day-to&y precision, 15-ml aliquots were frozen 
and duplicates run daily for five successive days. 

The ionexchange resin was regenerated by adding 3 ,X 8.0 ml- of 3-4 M 
KCl-O.1 M HCl solution followed by water washes until the eluate showed no 
precipitstion with silver nitrate. The resin was used three times before repack- 
ing new columns, The used resin was washed three times with 6.0001 M NaOH 
and then treated as described previously and reused. The HPLC column was 
washed by pumping methanol for 30 min and inv_erted to remove any con- 
taminants trapped on the upper frit. 

Conventional method_ After the samples were placed on the c&mn, 2 X 
8.0 ml vvater washes followed by 3 X 8.0 ml hot water washes were discarded. 
The thiamine was then eluted with hot 15.0 ml of 3.4 M KC1-0.1 M HCl and 
treated as described in the literature [6] using a 20-mm reaction time_ The 
samples were quantitatively determined on an Aminco-Bowman SPF spectro- 
fluorimeter and, in some cases, fluorescent spectra were recorded and com- 
pared with that of authentic thiochrome. 

Modified conventional method. This procedure was identical to the con- 
ventional,method except that, after the hot water washes, 2 X 5.0 ml of the 
dilute acid potassium chloride was added to the columns and discarded. The 

t I t I , .-, 
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pig-l. Fluorescentspeetraofurinesaad,Jlinminn~dardanalyzedby.theconventional 
method after subtracting respective blanks. Am&o-Bowman 
365nm. _- 
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Fig. 2. Fluorescent apeetra of urines and thinmine standard analyzed by the modified con- 
ventional method after subtracting respective blanks. Aminco-Bowman SPF; excitation 
wavelength, 365 pm. 
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Fig. 3. HPLC cbromatogram of: (A) reagent blank; (B) 0.30 pg/ml tbiamine-HCl standard; 
(C) 0.60 pg/ml IJlinmine-HCI standard; (D) urine No. 7, ; (E) urine No. 24,. Flow-rat&, 
0.85 mi/min; chart e 8 in&; range = 16; mode A on fluoro-monitor. 

UGmine was then &uted with hot acid potassium chlotide and tieatecl as 
described under the conventional method. 

RESULTS AND DISCUSSION 

: .- 

hi&l -attempts W assay for urinary thiamine by the conventional method 
[6] were misuccessful,-.wy -because of low recoveries. Complete reductign 
of. f&cyanide occurrecl in sotie cases and precipitation -fotied in almost 
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Pig. 4. F’luorescent spectra of sampIes eluted from the HPLC column at rete&ion time 
corresponding to thiochrome; read against HPLC mobile phase except for thiocbrome 
CO.10 &g/ml in isobutanol) wbicb was read against 88 isubutanol blank. Aminco-Bowman 
SPF; excitation wavelength, 365 nm. 

Fig. 5. we standard curve from a HPLC ansly& 

all samples as the thiochrome reaction proceed&d. The fluorescent spectra of 
some. mines analyzed by the conventional metiyod. are &iowi~+ Figi 1; Ob- 
viously, some nonspf&fic fluorescence was interfering with the assay. 2 

It ,was found that 0.5’ M KCl-O.l RI- HCl~~~lution did. riot-i&&e. tliiakine 



TABIBI 

RECOVERY OF THIAMkADDEDTOUR.INEBYEiPLCMETHOD . . 

Typeofurine Concentrationof 
-addedthiamine-HCX 
tr&?/w 

Recovery I 
W) 

Hunuznwirw 
1 
2 
3 
4 
6 
6 
7 
8 
9 

Rot urine 
1 

3 
4 
5 
6 
7 

i 
10 
11 
12 

6.40 104 
0.50 98 
0.60 PO2 
0.80 109 
0.80 95 
1.20 108 
1.20 100 
1.20 LOO 
2.00 88 

0.04 
0.13 
0.16 
0.16 
0.16 
0.30 
0.40 
0.40 
0.50 
0.50 
0.60 
0.67 

Meanl00.4 
S.D. 6.5 

100 
103 
96 

103 
100 
95 

110 

:: 
90 

102 
98 

Mean 99.6 
S.D. 4.8 

...i 
Average mean 99.9% 
Average SD.-- 5.3% 



species being elated. One- prominent nqn+&hro~e .&-was: seeks,+ &6_.$ _-.-..._ 
.&he 25-h uman mines tested; -some wines-had. we :pk-.tvxo. @I$@m.l,q~n-thio- 
.chrome peaks being elubd. The thiwhrome,pe&s *- ,~llected:~gd~.@ifiji _ -. 
fluor&cent spectra recordedi=-These specka- are &own:~iu -j?ig;,r4; apd;:‘i& @ 
-8, confirmed its authenticity as thiochwme; I$ was evid.eqt:+t.,ae .sIpu= 
eliminated the nonqecific fluwescencq found in the- &her : twq : m+hoc&.- .A 
@pical stq~ciard curve is~plotted in Fig. 5 d~mon&atiugth~:ljnqrity~@f t&e 
HPLC method to 1.20 pg/ml. The actual urinary thiamine conceu&r&@s were 
obtained by the fa&or method. : . 

_ The recovery data, demonstrated $ Table -I, cove; a. 60’ f&k&j& of $ded 
tkamine (0.04 tOi 2.0 Bg/ml).. The average recovery, 99.9S.3~~dem&&x&s 

TABLE II 

PRECISION STUDIES OF HPIX METHOD 
- 

lppe of 
precision 

Fvifhin-day 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 

0ay-fo-day 

=Wl 

i 
Day 2 
1 
2 
Day3 
1 
2 
Day4 
1. 

Eay5 
1 
2 ‘ -- 

0.88 
0.83 
0.83 
0.86 
0.82 
0.83 
0.84 
0.84 
0.80 
0.82 

Mean 0.84 
C.V. 2.5% 

0.86 
0.83 

0.86 
0.84 

0.84 
0.86 

0.85 
0.84 

b-85 
0.85 

Mean0.85 
C.V. 1.2% 
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I 

-EFFEECr,_QF~ POT ASSEA 435=ERRIOYmE : CONCENTRATION ON. TE-IIOCHROME 
-ACTION :_ ,’ 

_. 
Potarsium fezkyanide Fitio -nee(%)f 
COi.lcentratiOIl . . 
(%I 

Thiamine-HCI ,urinesf** 
standard** 

0.5 99 99 
1.0 100 100 
2.0 97 99. 
5.0 a4 74 

*LO% potassium ferriqsxnide used 88 the base comparison. 
**Average of two determinations. 
***Average of four human urines. 

_- 

TABLE IV 

EFFSCT OF REiACX’ION TIME ON THE THIOCHROME RELWTION 

Reaction time Fluorescence(%)* 
WQ) 

1x iI 
15 100 

i8 
100 

96 

*Am&p of two determinations; 20-min reaction time used s the base comparison. 

that urin& inhibition was eliminated. The precision data for both the wit& 
day and day-today runs, expressed as the coefficient of variation (C-V.), are 
displayed in Table II; values of 2.5% and 1.2% were? obtained, respectively. 
The. sensitivitg of. the HPLC method was 0_03 @g/ml. using three times the 
height. of baseline fluctuation as the minimum detectable peakheight. 

Two aspects of’ the --thiochrixne reaction, ferricyanide ctincentration and 
reaction time,- -were mer inveskigatedl -Stock -solutions of ~0.5-5.0% pot- 
assium f&cyanide were diluted with 3.8 M NaOEEand rea+zd with a thiamine 
-stanm @&ion dihited with 314 M ECCl-0~1 JHiC1. F$ti human urines we& 
also .amilyzed;-qsing the --HPLCion-exchange scparatorgi proccdurk, -using the 
same .ferricyanide s&tions. For both urine and thiamine t&m&rds, as shown 
in Table Iii, only at the 5% concentration was there signiEcant interference. 
The r&actiori tie was tested by diluting a thiamine &andarc%‘s6ltitio~-with 
3.4 M KCE-0.l lff HCI, reacting with alkaline ferricyanide, and stopping the 
react.itjn%ftkr 5;~ 10; 15,- 20,: i.Bd-30 -iiGn. No‘significaqt~differences were found 
_&om _I_@&30 & -action ~e:~sh~~ ~_Tahle__~; : :I -:- . . -. -. Y. _ 
,C The irrinarg.v~~~‘o~tained-by-the,three-methods are munmarized inTable 

‘-Vi The~xxhi&- obtained- by. the conventional method are higher or -1oker than 
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TABLEV 

OOMPARESON OF URXNARY- THMMINE LEVEZS'OBTAINED BY THE~THREE 
METHODS 

Goncentrationof thiamke(pg/ml) 

Urine kI?LG Ckmventional Modified 
tipIeNo.method* method conventionat 

method 

_ 

22 0.09 0.40 0.38 
5 0.12 0.09 0.13 

23 0.15 0.14 0.17 
2 0.20 0.28 0.33 

11 0.27 0.38 .0.38 
1: 0.35 0.29 0.41 0.38 0.52 0.41 

17 0.41 0.49 0.49 
13 0.45 0.38 0.49 
24 0.52 0.88 1.01 
7 0.60 0.87 0.88 

13 0.84 Iv- Iv 
12 0.85 0.79 0.92 
14 1.07 IV IV 
3 1.72 1.6'7 1.96 

25 7.01 11.63 12.01 
15 10.24 9.16 10.27 
21 10.82 10.43 11.69 
19 .11.49 9.48 11.22 
20 14.45 13.90 14.85 
16 17.23 17-06 17.22 
6 19.35 18.33 19.28 
9 21.71 21.80 21.80 

10 113.21 104.28 115.34 

l Averageofduplicatez. 
l *hsufficientvohune. 

the HP& method values depending on which factor is greatest: -the urinary 
inhibition ~(lowering the thiamine ree) or the non-specific fluorkence 
(elevating the thiamine readings).. In the HPLC method, -both factors have 
been eliminated;-Since the modified conventional method removes inhibition, 
but not non-qecific fluorescent, it was expe&ed that these values would be 
-higher than the JIPLC value&. Such was the case, with the exceptions only 
occurring. in those pat&n&+ receiving thiamine supplements. where non-q~ec3fic 
fIuorescence becomes less significant. 

CONCLUSIONS-. 

A sensitive, reproducible, &~a specific method:. for~~~urinary : thiakne has 
been_ established using ion-exchange chromatography, thiamine. oxidation to 
fluorescent thiochrome with -potassium -ferricyanide, isobutsnol extra&ion, 
and. HPLC. -Urinary inhibition, nonapecikc fluorescence; and the--need for 
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de blanks have been el.hinaa. This procedure is being employed in an at- 
tempt to further define effectme thiamine deficient in humans. 
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