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suMMARY 

A new method for the high-performance liquid chromatography of guanidino com- 
pounds using tiinhydrin as the fluorescence reagent is described. Use of organic solvent 
is not r&uir@d since ninhydrin is highly soluble in aqueous media, and the problem of 
precipitation formation occurring in the phenanthrenequinone method was avoided. Cre- 
atine was also assayed in the present procedure. Separation of ten guanidino compounds 
was completed within 30 min using a small-size (38 X 4.2 mm I.D.) strong cation-exchange 
column_ 

INTRODUCTION 

The level of guanidino compounds such as guanidinoacetic acid [l-4] 
and methylguanidine 12-71 rises significantly in the plasma of uremic pa- 

tients. Liquid chromatography has recently been used for the separation and 
determination of these guanidino compounds_ Several workers [S, 91 have 
reported the assay of, plasma guanidines employing a modified automatic 
amino acid analyser. However, this analytical method is rather timeconsum- 
ing and the calorimetry shows poor sensitivity_ 

Yamada and Itano [lo, 111 have reported that micro-amounts of a&nine 
and ar$nin&ontaining peptides can be detected fluorimetrically using 9,10- 
phenanthra&none (PQ)_ This reaction was applied to the microdetermina- 
tion of guanidines by Sakaguchi et al_ [12]_ Yamamoto and co-workers [13, 
141 have recently developed a high-performance liquid chromatographic 
(W_LC) method for the fluor&netric determinagon. of g&nidino compounds 
~~~$&ioI&icaI fluids using &‘Q as the reagetit for the post~olumn derivatiza- 
t&n. -Althou& this method is higihIv’~‘&$si~e, PQ is l%&itially *soluble in .~ 
fiviiter~ _F tfi& d&%&&tioh~ rea&nt‘.&+ld- be‘ pr&p&d dy disso&ing PQ .: :. _ __ ._ . -I ._ 
- ,: ~ -_- -. 
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in dimethylformamide. The derivatization reagent often causes precipita- 
tion which blocks the chromatographic tubing after it is mixed with the col- 
umn effluent. 

The present paper describes a new HPLC system using ninhydrin [15- 
191, which is highly water-soluble, for the development of fIuorescence from 
guanidino compounds. A rapid separation of guanidino compounds using a 
smah-size column is also described_ 

EXPERIbZENTAL 

Chemicals 
Guanidinosuccinic acid, guanidinobutyric acid, guanidinopropionic acid, 

guanidinoacetic acid, and methylguanidine hydrochloride were ah obtained 
from Sigma (St. Louis, MO, U.S.A.). Creatine, creatinine, L-arginine hydro- 
chloride, sodium citrate, sodium hydroxide, sodium chloride, perchloric 
acid (60%), boric acid, and ninhydrin were purchased from Wake Pure Chem- 
ical (Osaka, Japan)_ Ah chemicals used were of analytical reagent grade_ 

Elution buffers and reagent solutions 
The eluent buffer solutions are listed in Table I. The pH of each eluent 

buffer is adjusted with perchloric acid or 1.0 N sodium hydroxide_ AU eluent 
buffers, O-75 N sodium hydroxide soIution and 0.6% ninhydrin solution are 
prepared using glass-redistihed water, and passed through a O-22-pm micro- 
fiber (Fuji Photo Film, Tokyo, Japan) prior to use. 

TABLE I 

COMPOSITION OF ELUFXTS 

Eluents 

First Second Third Fourth Fifth Sixth 
(5 min) (8 min) (2 min) (14 min) (2 min) (3 min) 

PH z5 5.0 6.0 11.4 
Na’ concentration (_W) 0.35 0.15 0.85 
Sodium citrate 2H20 (g/l) 14.7 34.3 34.3 34.3 
Perchloric acid (60%) (mill) 10.5 11.0 3.0 - 
Eoric acid (g/l) - - - 6.2 
Sodium hydroxide (gfl) - - - 4.0 

0.2 N X-0 
NaOH 

Chromatographic system 
Fig, 1 shows the flow diagram of our chromatograph. A single plunger 

pump (Sam&i Industry, Tokyo, Japan) served to deliver the ehrent with 
the constant flow-rate of 0.7 mI/min_ The eIuent_seIecting valve was con- 
tioI&d by Bn SGR-lA step gradient programmer unit (Shimadzu ZZsaku& 
Kyoto, Japan), and pumped through a valve universal injector (Sanuki g: 
dustry, Tokyo, Japan). An ISC-05/SO504 packed column (strong cation-ex- 
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Fig. 1. Flow diagram of the HPLC system. 

change resin; 5pm particle size; 38 mm X 4.2 mm I-D,; Shimadxu Seisakusho) 
was used for the separations_ It was operated at 50 t 0.05”C using a C-600 
thermo-unit (Taiyo Scientific Industry, Tokyo, Japan)_ A double plunger 
pump (Sam&i Industry) served to deliver the alkaline solution and the nin- 
hydrin solution at constant flow-rates of 0.6 ml/min and O-4 ml/m@ respec- 
tively _ 

The column effluent was first mixed with 0.75 N sodium hydroxide in 
a T-junction, and then mixed with 0.6% ninhydrin solution in another T- 
junction. The mixture was then allowed to flow through a PTFE-tubing reac- 
tion coil (10 m X O-5 mm ID) where it was heated to 50 f 0.05”C in a water- 
bath. 

The fluorescence intensity of the effluent was measured using an RF-500 
LC spectrofluoromonitor (Shimadzu Seisakusho). The excitation and emis- 
sion wavelengths were 395 nm and 500 nm, with slit widths of 20 nm and 
40 nm, respectively_ The excitation lamp was a xenon discharge lamp (Wacom 
R & D Corp.). 

Operation of the chromatograph for analysis 
The guanidino compounds were separated with a strong cation-exchange 

column--using a stepwise pH gradient. The first buffer was pumped through 
the. column for 5 min, then the second buffer for 8 min, the third buffer 
for 2 mm and the fourth buffer for 14 mm; then the column was washed 
successively with -0.2 N sodium hydroxide for 2 min and with water for 3 
min. Ten -guanidino compounds (from taurocyamine to methylguanidine) 
were analysed within 30 min using this system. 

Prepamtion of samples 
To 200 ~1 of plasma -were added 100 ~1 of 30% trichloroacetic acid solu- 

tion; and .the mixture- was. centrifuged at 1000 g for 10 min. Then the pH 
of the supernatant solution was adjusted to 2.0 with 0.4 N sodium hydroxide 
and 150 ~1 of this deproteinixed sample were used for the analysis. 
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RESULTS AND DISCUSSION 

Effects of pH and ionic strengfh on the retention times of guanidino com- 
pounds 

Fig. 2 shows the effect of the pH and ionic strength of 0.35 N sodium 
citrate buffer on the retention times of various guanidino compounds_ Guani- 
dinosuccinic acid (GSA), creatine (CT) and guanidinoacetic acid (GAA) were 
not favorably separated by gradient lowering of the pH (Fig. 2A)_ On the 
other hand, these three guanidino compounds were SatisfactoriIy resoIved 
by decreasing the ionic strength of the eluent buffer as shown in Fig_ 2B_ 
Accordingly, 015 N sodium citrate buffer (pH 3.5) was used for the separa- 
tion (TabIe I). 

(mill >f (A) 

. 1 I r t I I 

3 4 5 6 7 8 9 10 1112 

pH of 0.35 X Sodium Citrate Bufier 

(min 

20 
1 

0 0.1 0.2 o-3 0.4 (N) 

Normality of Sodium 

Citrate Buffer (pH3.5) 

Fig_ 2_ (A) Effect Qf the pIi of the elution buffer on the retention times of various guanidino 
compounds_ (B) Effect of the ionic strength of the elution buffer on the retention times 
of various guanidino compounds_ 

The retention time of guanidinopropionic acid (GPA) decreased markedly 
around pH 3_0-4-O and was constant above pH 5.0_ The values for creatinine 
(CTN) and gnanidinobutyric acid (GBA) .sharply decreased around pH 5-O- 
6.0 and were approximately con&at a’bove pH 6.0. Guanidine (G) and methyl- 
guanidine (MG), strongly basic guanidino derivatives, were not eluted with- 
in 30 min with 0.35 N sodium citrate buffer (pH 11.4). G and MG were eluted 
with 0.85 N sodium citrate buffer, containing 0.62% (w/v) boric acid (pH 
11_4), showing the retention times of 15 min and 18 min, respectively. The 
conditions for the stepwise gr&dient elution were set as shown in Table I 
on the basis of these results. Ah’the guanidino compounds tested were eluted 
with sodium citrate buffers within 29 min,. and- the cohnnn was washed with 
0.2 N sodium hydroxide and water after the separation_ 
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Fluorescence properties of ninhydrin derivatives of guanidino compounds 
Ninhydrin has. been reported to combine with guanidine, monosubstituted 

guanidines,. and N,N-disubstituted guanidines _ to give highly fluorescent addi- 
tion products in strongly alkaline media [15-l7]_ This reaction has also been 
used for the determination of creatine [lS] _ The five-membered ring of nin- 
hydrin is cleaved immediately after the addition of alkali to produce o-car- 
boxyphenylglyoxal [18], which then condenses with guanidines. According- 
ly, amino acids do not interfere with the reaction when the ninhydrin solu- 
tion is previously made alkaline. The present system first delivers sodium 
hydroxide solution and then uiuhydriu solution to the column effluent_ Nil 
hydrin is converted by the action of alkali into ocarboxyphenylglyoxal 1161 
which does not react with amino acids. 

The excitation maxima of ninhydrin derivatives of guanidines in the ef- 
fluent from the column were at 305 and 395 nm, and the single emission 
peak had a maximum at 500 run. The fluorescence at 395 nm was approxi- 
mately twice as intense as that excited at 305 nm. These data agreed well 
with those reported by Conn and Davis [l6] _ The excitation and emission 
wavelengths of the fluoromonitor were therefore set at 395 nm and 500 nm, 
respectively. 

Reaction conditions for the postcolumn derivatization were examined 
by injecting 50 ~1 ~of standard solution of guanidino compounds. Fig. 3 shows 
the fluorescence intensity of the derivatized guanidino compounds against 
the alkali concentration_ All the guanidino compounds gave the maximum 
fluorescence intensity at the sodium hycdroxide concentration of 0.75 AT. 
Fig_ 4 demonstrates that the maximum fluorescence intensity was shown at 
the ninhydrin concentration of 0.6%. The effect of temperature on the reac- 
tion of the derivatized guanidino compounds with ninhydrin was studied in 

0 0.5 1.0 1.5(N) 0 0.2 0.4 0.6 0-s 1.0 CT> 

Cuncentrarion of Xinhrdrin 

Fig. 3_ Effect of alkali concentration on the fluorescence intensity of v+ous guanidino 
compounds (1 nmol each). 0, GSA; P, G&%; x , GBA; f, CTN; 0, GPA; A, MG (for abbrevia- 

tions, see text)_ 
_- - 

I.-. : 

Fig_ 4_ Effect of ninhydrin concentration on the flkorescence inten&y of various guanidino 
compounds (1 nmol each)_ For abbreviations, see text. 
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the range of 3O*C to 70°C. Fig. 5 shows that the optimum temperature for 
these compounds except creatine was 50°C. Creatine gave a slightly lower 
peak at 50°C whereas it gave maximum peak height at 40” C. However, this 
does not affect the assay because the ninhydrin reagent is highly sensitive 
to creatine. 

Fig. 5. Effect of reaction temperature on the fluorescence intensity of various guanidino 
compounds (1 nmol each). 0, GSA; *, Cl?; A, GAA; X, GBA; +, CTN; l , GPA; A, MG (for 
abbreviations, see text). 

Fig_ 6. Chromatogram of a standard mixture of guanidino compounds. TAU = taurocyamine 
(1 nmol); GSA = guanidinosuccinic acid (1 nmol); CT = creatine (0.5 nmol); GAA = guani- 
dinoacetic acid (0.5 nmol); GPA = guanidinopropionic acid (0.5 nmol); CTN = creatinine 
(5 nmol); GBA = guanidinobutyric acid (1 nmol); ARG = arginine (2 nmol); G = guanidine 
(2 nmol); MG = methylguanidine (0.5 nmol). 

Chromato~aphic separation and quantitative response 
A *ical separation of a standard solution of guanidino compounds is 

demonstrated in Fig. 6. GSA, CT, GAA, GPA, CTN, GBA, arginine (ARG), 
G and MG were all completely resolved, and the entire analysis required 35 
min including the column-washing procedure. 

The limits of detection for guanidino compounds, determined by the peak 
height at twice the noise level, are as follows: GSA, 5 pmol, CT, 1 pmol; 
GAA, 10 pmol; GPA, 5 pmol; CTN, 1 nmol; GBA, 1 pmol; ARG, 50 pmol; 
G, 5 pmol; MG, 5 pmol. 

Standard curves for these guanidino compounds are depict& in Fig. 7. 
Fluorescence responses are linear for these seven guanidino compounds up 
tG. at hSt 5 mO1. The lower hIit Of the asSay Varies from 10 pIIIO1 (GSA, 

GPA, GBA and MG) to 50 pm01 (GAA). 
Excellent reproducibility was observed for the determination of &I the 

guanidino compounds listed in Table II. 
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Fig_ 7. Standard curves for guanidino compounds_ For abbreviations, see text. 

TABLE II 

DAY-TO-DAY PRECISION OF THE PRESENT METHOD FOR AQUEOUS SOLUTIONS 
OF VARIOUS GUANIDINO COMPOUNDS 

Injection volume was 50 PI_ n = 8 in all cases. 

Compound* Concentration (nmol per 50 91) c-v. (%) 

GSA 0.136 
Cc l-360 
GAA o-170 
GPA O-105 

3.570 
GBA O-344 
ARG 4.900 
G 0.342 
MG 0.059 

*For abbreviations, see text- 

- 

0.57 
2-54 
3.29 
1.57 
1.65 
2-16 
1.36 
1.59 
2.63 

Ekc&ent recoveries of these compounds from human serum were observed 
with satisfactory reprqducibility, as listed in-Table III. 

Analysis of human plasma samples 
Fig. 8 shows a chromatogram of a plasma sample from a person in normal 

hea&&: The following-compounds were assayed: CT, 0.24 mg/dl; GAA, 15 
@gjk#&+~~; x3@ %rC&d%;mG> 2A-S rn&dl, 

Fig. 9 shows a chromatogram of a plasma sample from. a&r&c domer- 
ulorikphritk. _patient.. The following guanidines :were -identified by comparing 



50 

TABLE III 

RECOVERIES OF GUANlDINO COMPOUNDS FROM HUMAN SERUM 

150 ~1 of deproteinized samples were injected. n = 9 in all cases. 

Compound* Added Within-day 
(nmol) Recovery (2) (W) C.V. (W) 

GSA 
CT 
GAA 
GPA 

GBA 
AR6 
G 
MG 

o-272 922 Z-30 
l-00 90.9 3.11 
0.340 955 3-17 
0.289 96.3 O-06 

18-O 96.2 1.20 
O_OSl 91-3 0.25 
5.00 96.7 l-32 
3-00 96.6 1.35 
2.00 93.9 1.74 

*For abbreviations, see text_ 
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Fig_ 8_ Chromatogram of a plasma sample from a person in normal health. For abbrevia- 
tions, see text_ 

Fig_ 9_ Chromatogram of a plasma sample from a chronic ~lomerulonephritis patient. For 
abbreviations, see text. 

retention times with those of standard solutions: GSA, 0.475 mg/&; CT, 
026 mg/dl; GAA, 49 pg/dl; CI’N, 10.55 mg/dl; ARG, Z-56 mg/dl; G, 43.3 
pg,%B; MG,-98.2 jtg/cu_ - 

The ~present method is as sensitive as then PQ method. Creatine, which is 
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not detected by the PQ method, can be sensitively detected. The present 
method, therefore, offers moredetailed metabolic information_ 

Ninhydrin is readily soluble in water and its aqueous solution can be used 
as the fluorescent reagent. Accordingly, the present method does not require 
any organic solvent and no precipitation occurs during the chromatography- 
In addition, the use of a short column, ISC-05, facilitated more rapid separa- 
tion of guanidino compounds compared with the conventional methods. 
Conclusively, the ninhydrin method is more practical and widely applicable 
than the PQ method and it is recommended to be adopted in clinical labo- 
ratories- 

ACKNOWLEDGEMENTS 

The authors are greatly indebted to Prof. Dr_ Shizuo Katagiri, Kitasato 
University, for his useful advice. They also thank Dr. Yasuo fshida, Shimadzu 
Seisakusho Ltd., for useful discussions_ 

REFERENCES 

1 B.D. Cohen, 1-M. Stein and J-E. Bonas, Amer. J. Med., 45 (1968) 63. 
2 L-RX_ Baker and R.D. M&shall, Clin. Sci., 41 (1971) 563. 
3 P.P_ Amour, J-M. Pleau and N-K. Man, Ciin_ Chem_, 18 (1972) 355. 
4 M. Sasaki, K. Takahara and S_ Nateison, Clin. Chem., 19 (1973) 315. 
5 M.H_ Carr and P.R. Schioerb, Anal. Biochem., l(lS60) 221. 
6 S_ Giovanetti, M. Biagini and L. Cioni, Experientia, 15 (1968) 341. 
7 I_M_ Stein, G_ Perez, R_ Johnson and N-B_ Cummings, J. Lab_ Clin_ Med_, 77 (1971) 
8 A. Mori, M_ Hosotani and LX. Tye, Biochem- Med., 10 (1974) 8_ 
9 R. Shainkin, Y_ Berkenstadt, Y. Giatt and G-M_ Berline, Clin. Chim. Acta, 60 (1975) 

45_ 
10 S_ Yamada and H-A. Itano, Biochim. Biophys. Acta, 130 (1966) 538. 
11 H.A. Itano and S. Yamada, Anal. Biochem., 48 (1972) 483_ 
12 T. Sakaguchi, S. Tanabe, H_ Yagi, T_ Miyawaki and A. Saito, Yakugaku Zasshi, 97 

(1977) 1053. 
13 Y. Yamamoto, A. Saito, T_ Manji, K. Maeda and K. Ohta, J. Chromatogr., 162 (1979) 

23_ 
14 Y-Y amamoto, T. Manji, A_ Saito, K. Maeda and K_ Ohm, J. Chromatogr, 162 (1979) 

327. 
15 J-E_ O’Hagen, T_ Hamilton, E-G. LeBreton and A-E_ Shaw, Clin_ Chem., 3 (1957) 609. 
16 R.B. Conn, Jr. and R.B. Davis, Nature (London), 183 (1959) 1053. 
17 AS_ Jones and T-W_ Thompson, J_ Chromatogr-, 10 (1963) 248. 
18 R-B_ Corm, Jr., Ciin. Chem., 6 (1960) 537. 
19 J_ Sawynok and J-K_ Dawborn, Clin. Exp. Pharmacol. Physiol-, 2 (1975) 1. 


