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Abstract 

High-performance liquid chromatography (HPLC) with electrochemical detection using a chiral ligand-exchange 
column was developed for the enantioselective determination of p-hydroxymandelic acid (HMA), a metabolite of 
synephrine, with high sensitivity. A good linear relationship between current ratio and amount was noted for 0.5-500 
pmol HMA, with a correlation coefficient of 0.999 for each HMA enantiomer. The relative standard deviation 
(R.S.D.) was 1.6% at 100 pmol d -HMA and 2.2% at 100 mpol I-HMA. The detection limit of each HMA enantiomer 
was 0.5 pmol (signal to noise ratio, S/N = 3). By this method, HMA in Citrus unshiu and in urine following the 
ingestion of C. unshiu was determined. Although no HMA was found in C. unshiu, d- and / -HMA were present in 
urine after the ingestion of C. unshiu. The time courses of HMA and conjugated synephrine enantiomers excreted in 
urine following the ingestion of C. unshiu for 24 h could be monitored. This method should prove applicable to the 
study of synephrine metabolism. © 1997 Elsevier Science B.V. 
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1. In t roduct ion on [3]. Gjess ing and  A r m s t r o n g  [4] r epor t ed  the 
ma in  me tabo l i t e  o f  synephr ine  to be p - h y d r o x y -  

Synephr ine  is a c o m p o n e n t  o f  he rba l  drugs,  mande l i c  acid  ( H M A ) .  Synephr ine  m a y  poss ib ly  
Chinese medicines ,  c i t rus p lan t s  and  o ther  sub- unde rgo  ox ida t ion  by  m o n o a m i n e  oxidase  to 
s tances [1,2]. Synephr ine  has  s y m p a t h o m i m e t i c  H M A  in vivo. Synephr ine  is a chiral  c o m p o u n d  

and  present  in na tu re  only as the / - synephr ine  act ivi ty  expressed as vasocons t r ic t ion ,  b l o o d  pres- 
sure e levat ion,  b ronch ia l  muscle  re laxa t ion  and  so form [5]. thus , the  a m o u n t  and  chiral  act ivi ty  o f  

H M A  excreted in ur ine af ter  the ingest ion o f  

*Corresponding author. Fax: +81 426 764570. synephr ine  are po in t s  o f  cons iderab le  interest .  
i Presented at the Seventh International Symposium on However ,  a m e t h o d  for  the  exact  de t e rmina t ion  o f  

Pharmaceutical and Biomedical Analysis, August, 1996, H M A  enan t iomers  excreted in ur ine has  yet  to be 
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Several methods for HMA determination have and 20 mM ammonium acetate methanol (99:1, 
been reported and include differential pulse v/v) and the flow rate was 1.0 ml m i n - l .  The 
voltammetry [6], gas chromatography coupled detection potential was 1.0 V vs. Ag/AgC1. m-Hy- 
with mass spectroscopy [7], high-performance liq- droxybenzoic acid served as the internal standard. 
uid chromatography (HPLC) with electrochemical clean-up of  urine samples was made by Extrelut *~ 
detection [8], gas chromatography coupled with column (E. Merck, Darmstadt, Germany). 
thin-layer chromatography [9], for determining 
HMA in food and biological samples such as 2.3. C. unshiu sample preparation 
urine, blood and brain extract. But in no case has 
enantioselective determination been possible and C. unshiu fruit was treated to give exocarp, 
derivatization is required in some cases. Thus, a mesocarp, endocarp, and sarcocarp portions, 
simple means for the enantioselective determina- which were each homogenized and extracted with 
tion of  HMA with high sensitivity should be water under ultrasonication at room temperature 
established for the study of HMA. For  this pur- for 10 min. After centrifugation, the residue was 
pose, the Authors considered HPLC with electro- re-extracted in the same manner and the superna- 
chemical detection using a chiral ligand-exchange tants were combined. Internal standard and water 
column to be potentially very useful. This HPLC were added to the supernatant thus obtained to 
with electrochemical detection was developed in give the desired volume of sample solution, which 
this study for the determination of HMA enan- was subsequently filtered through a 0.45 gm mem- 
tiomers in C. unshiu and urine following the inges- brane filter prior to injection into the HPLC 
tion of C. unshiu, system. 

2.4. Preparation o f  urine sample 
2. Experimental 

2.4.1. Sul~jects 
2.1. Reagents and materials Four volunteers in good physical health partici- 

pated in the present study. Subject A was male, 
p-Hydroxy-dl-mandelic acid was purchased aged 35 and weighing 57 kg, subject B a male, 

from Tokyo Kasei Kogyo, dl-synephrine from aged 25 and weighing 65 kg, subject C a male, 
Sigma Chemical and m-hydroxybenzoic acid (m- aged 23, weighing 62 kg and subject D, a male, 24 
HBA) from Wako Pure Chemical. All other years old and weighing 90 kg. 
chemicals were of reagent grade and were obtain 
commercially. Citrus unshiu fruit was obtained 2.4.2. Urine collection 
commercially from markets in Hachioji, Japan. The subjects adhered to a plant-free diet for 3 

days. H MA  is an endogenous compound continu- 
2.2. Apparatus and H P L C  conditions ously excreted into the urine [4]. at the end of  the 

3-day period, H MA  was detected in the urine. 
The HPLC system consisted of  a Jasco 880-PU The diet-controlled urine served as a blank. All 

pump (Jasco, Tokyo, Japan), 8125 injector fitted four subjects then consumed about 250 g C. un- 
with a 5-gl injection loop (reodyne, Cotati, USA) shiu containing sarcocarp and endocarp. Urine 
Sumichiral OA-6000 column (150 x 4.6 mm i.d., was collected 11 times for 24 h, adjusted to pH 1 
Sumika Chemical Analysis Service, Osaka, with HC1 and stored at - 3 0 ° C  until use. 
Japan), LiChrospher 100 RP-18 (75 x 4 mm i.d., 
E. Merck, Darmstadt, Germany) and EDP-1 elec- 2.4.3. Sample preparation 
trochemical detector (Kotaki, Japan). A 100 RP- Urine was adjusted to pH 2.2 with 0.2 M citrate 
18 column was placed between OA-6000 column buffer. 0.5 ml of the solution was applied onto the 
and electrochemical detector. The mobile phase Extrelut ~ column. At 15 min, the H MA  enan- 
was water containing 1 mM copper(II) acetate tiomers were eluted with 10 ml ethyl acetate fol- 
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lowed by e v a p o r a t i o n  o f  the elute. The  residue 24 
was d issolved in 1 ml wate r  and  200 p m o l  m - H B A  22 A B J ' f  
ac id  as the in ternal  s t a n d a r d  were added .  Then  20 

( 3  / 5-gl a l iquots  o f  the so lu t ion  were injected into the ~ 18 
H P L C  system for enan t i omer  de te rmina t ions .  

1.6  

1 .4  

3. Results and discussion 12 . . . . . . .  
0.4 0.6 0.8 1.0 5.5 6.0 6.5 7.0 

1Cu2'], mM pH 

3.1. H M A  enant iomer  de terminat ion  
Fig. 1. Effects of copper(II) ion concentration and pH in the 

In a l igand-exchange  H P L C  column,  mobi le  mobile phase on the separation factor of HMA enantiomers. 
HPLC conditions: (A) mobile phase, water containing 0.5-1.0 

phase  cond i t ions  such as solvent,  p H  and  meta l  mM copper(ll) acetate and 20 mM ammonium acetate (pH 
ion concen t r a t i on  are signif icant  fac tors  for  enan-  6.4) methanol (99:1, v/v); column, Sumichiral OA-6000 
t io sepa ra t ion  o f  the peaks  on the c h r o m a t o g r a m  (150 x 4.6 mm i.d.) and Lichrospher 100RP-18 (100 x 4.6 mm 
[10]. The  s t a t iona ry  phase  o f  Sumichi ra l  OA-6000 i.d.) arranged in series; flow rate, 1.0 ml rain ~; applied 
co lumn consists  o f  a c o o r d i n a t i o n  c o m p o u n d  o f  potential, 1.0 v vs. Ag/AgCI; (B) mobile phase, water contain- 

ing 1.0 mM copper(lI) acetate and 20 mM ammonium acetate 
coppe r ( I I )  ions  and  a chiral  l igand as (R ,R) - t a r -  (pH 5.5-6.8)--methanol (99:1, v/v); other HPLC conditions 
tar ic  acid m o n o - ( R ) - l - ( ~ - n a p h t h y l ) e t h y l a m i d e  as in (A). 
[11]. Sepa ra t i on  is based  on  the f o r m a t i o n  o f  
coppe r ( I I )  complexes  with solutes,  such as H M A  produc t s  at  more  posi t ive  po ten t ia l s  than  1.0 V 
enan t iomers ,  to give t rans ient  equi l ibr ia .  To ob-  a n d / o r  ox ida t ion  o f  e lec t rode  surface itself. A t  1.0 
ta in  the largest  poss ib le  sepa ra t ion  factor ,  exami-  V the first ox ida t ion  wave showed the highest  
na t ion  was m a d e  as to the effect o f  p H  and  peak.  Thus  a de tec t ion  po ten t i a l  o f  1.0 V was 
coppe r  ion(I I )  concen t ra t ion .  A t  too  high a con-  used. 

cen t ra t ion ,  the l i fespan o f  the l igand-exchange  Fig. 3 presents  a typical  c h r o m a t o g r a m  of  a 

co lumn was reduced.  C o p p e r  ion(I I )  concent ra -  s t a n d a r d  mix ture  o f  d l - H M A  con ta in ing  m - H B A  
t ion in the mobi le  phase  was thus  m a d e  1.0 m M .  as the in terna l  s t andard .  W h e n  the flow rate  o f  
Increase  in s epa ra t ion  was also no ted  with pH.  the mobi le  phase  was 1.0 ml min ~, the re tent ion  
A b o v e  p H  6.5, a coppe r ( I I )  hyd rox ide  prec ip i ta te  
fo rmed  in the mobi le  phase.  The  p H  of  the mobi le  
phase  was thus  ad jus ted  to 6.4 (Fig.  1) 80 

Fig. 2 shows the h y d r o d y n a m i c  vo l tam-  
m o g r a m s  o f  the H M A  enant iomers .  H M A  was 
oxid ized  at  po ten t ia l s  more  posi t ive than  0.6 V < o_ 60 
( A g / A g C l  was used as reference th roughout ) .  Two 
ox ida t ion  waves  were observed  in the vo l t am-  ~ 40 

_ c  

m o g r a m s ,  one at  0.85 V and  the other ,  at  1.1 V. _~ 
By cyclic v o l t a m m e t r y  and  cou lomet ry ,  two elec- ~ 1 o_ 20 
t rons  and  two p ro tons  were found  to pa r t i c ipa te  # in the first ox ida t ion  step o f  H M A .  The  u l t rav io-  
let ab so rp t i on  spect ra  o f  H M A  and  its e lectrolyt ic  0 -~ ' ' ' ' 

0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 
produc t s  af ter  cons tan t  po ten t ia l  electrolysis  at  E, V vs. Ag/AgCl 
1.0 V suggested tha t  the phenol ic  hyd roxy l  g roup  
o f  H M A  could  be oxidized.  A b o v e  1.0 V, the Fig. 2. Hydrodynamic voltammograms of HMA enantiomers 
reproduc ib i l i ty  o f  H M A  peak  height  in the chro-  (©, I-HMA; f2, d-HMA). HPLC conditions mobile phase, 

water containing 1.0 mM copper(II) acetate and 20 mM 
m a t o g r a m  became less, poss ib ly  due to con tami -  ammonium acetate (pH 6.4) methanol (99:1, v/v); other 
na t ion  o f  the e lec t rode  surface by  some o ther  HPLC conditions as in Fig. 1. 
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3.3. Monitoring of HMA enantiomers in urine 
after ingestion of C. unshiu 

a 

Urine samples were obtained from the four 
b subjects after the ingestion of C. unshiu. Fig. 4 

~- shows typical chromatograms of solutions ex- 
c) tracted from the blank (A) and sample (B) urine. 

4O pA There was no interference from urine extracts with 
_., ~ peaks of  the H M A  enantiomers. A total of  10 40 

r ~ l a M / - H M A  was detected in the blank urine and d- 
O 10 20 30 and / -HMA,  in the sample urine. Even when the 

Retention time (rain) urine was heated at 100°C for 15 min at pH 1 with 

Fig. 3. Chroamtogram of a standard mixture of dl-HMA and HC1, no change in peak height of  the H M A  
m-hydroxybenzoic acid (internal standard). Peaks: (a) d-HMA enantiomers could be detected. H M A  enantiomers 
(100 pmol); (b)I-HMA (100 pmol); (c)m-hydroxybenzoic acid in urine are thus shown to be present not in the 
(200 pmol). HPLC conditions: applied potential, 1.0 V vs. conjugated form but the free form. 
Ag/AgCI; other HPLC conditions as in Fig. 2. Synephrine present in C. unshiu was previously 

shown only to be in the free /-synephrine form, 
while synephrine excreted in urine after the inges- 
tion of C. unshiu was present as conjugated syn- 
ephrine enantiomers [12]. Although no H M A  was 
found in C. unshiu, d- a n d / - H M A  were present in 
urine following the ingestion of  C. unshiu. Much 

times o f / - H M A  and d-HMA,  and m - H B A  were L-synephrine is present in C. unshiu and thus may 
8, 15 and 22 min, respectively. The separation possibly be the source of  H M A  and conjugated 
factor for the H M A  enantiomers was 2.2 and synephrine enantiomers excreted in urine. 
resolution, 3.76. 

Peak current ratios relative to the internal stan- 
dard on the chromatograms for standard H M A  , ~ c A 
were plotted against amounts  of  the H M A  enan- 
tiomers. A good linear relationship was noted 
between peak current ratio and amount  at 0.5 
500 pmol H M A  injected, with a correlation coeffi- a 
cient of  0.999 for each H M A  enantiomer. The 
relative standard deviation (R.S.D.) was 1.6°A, at ~ ' ' ' ' 
100 pmol d - H M A  and 2.2% at 100 p m o l / - H M A .  ~ B 
The detection limit of  each H M A  enantiomer was 
0.5 pmol (signal to noise ratio, S/N = 3). c 

3.2. Determination of HMA in C. unshiu II 

The hydrophillic fraction was extracted from L~ 
sarcocarp and endocarp 24 g C. unshiu by ultra- ¢_ 
sonication and a 5-tal aliquot of  the supernatant 0 10 2'0 3'0 4'0 5'0 60 
was injected into the HPLC system. No H M A  Retention time (min) 
peak appeared on the chromatogram,  thus 

Fig. 4. Chromatograms of solutions extracted from blank (A) 
demonstrating H M A  in C. unshiu to be less than and sample (B) urine following the ingestion of 252 g C. 
10 pmol in 100 g sarcocarp and endocarp of  C. unshiu. The urine was obtained from a healthy subject (male, 
u n s h i u .  35 years old, 57 kg). Peaks and HPLC conditions as in Fig. 3. 
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Time after ingestion of Citrus unshtu 

Fig. 5. Amounts of HMA enantiomers (O, I-HMA; O, d-HMA) excreted in the urine after the ingestion of C. unshiu for four 
subjects. Values obtained by subtracting HMA in blank urine are shown. The urine samples were from subject A (male, 35 years 
old, 57 kg) after the ingestion of 252 g C. unshiu (A), subject B (male, 25 years old, 65 kg) after the ingestion of 240 g C. unshiu 
(B), subject C (male, 23 years old, 62 kg) after the ingestion of 230 g C. unshiu (D) ingestion. 

The time courses of  the excretion of H M A  excreted amount  of  the H M A  differs from that of  
enantiomers in the urine of  the four subjects are the conjugated synephrine, the shape of  each time 
shown in Fig. 5. Values obtained by subtracting course curve of  H M A  in Fig. 5 was essentially the 
H M A  in blank urine are thought to be the H M A  same as that of  synephrine [12]. 
due to the ingestion of  C. unshiu and thus used as Table 1 shows amounts  of  the H M A  and syn- 
excreted amount  in the following. The ingestion ephrine enantiomers excreted in 24 h urine after 
o f  C. unsh iu  g a v e  rise to  the  p r e sence  o f  H M A  the  inges t ion  o f  C. unshiu.  A s s u m i n g  all  / - syn-  

e n a n t i o m e r s  in the  ur ine .  T h e  exc re t i on  o f  H M A  e p h r i n e  inges ted  to  h a v e  been  e x t r a c t e d  f r o m  C. 

was  at  a m a x i m u m  2 - 3  h later .  A l t h o u g h  the  unshiu  p u l p  a n d  t r a n s f e r r e d  in to  b l o o d ,  1 4 - 3 1 %  

Table 1 
Amounts of/-synephrine present in C. unshiu and conjugated synephrine and HMA enantiomers excreted in urine after the ingestion 
of C. unshiu. 

Subject Amount of l-synephrine in C. unshiu (rtmol) Excreted amount" (gmol) 

Conjugated /-syn- Conjugated d-syn- I-HMA ~ d-HMA b 
ephrine ephrine 

A 222.2 18.80 2.61 68.33 3.08 
(8.46%) (1.17%) (30.75%) (1.39%) 

B 180.6 12.62 1.32 49.10 2.76 
(6.99%) (0.73%) (27.19%) (1.53%) 

C 173.1 6.74 0.52 48.14 1.67 
(3.89%) (0.30%) (27.81%) (0.96%) 

D 207.0 22.01 3.31 29.30 1.35 
(10.63%) (1.51%) (14.15%) (0.65%) 

" Ratio to the amount of/-synephrine in C. unshiu. 
b Values obtained by subtracting HMA in blank urine. 
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may  be cons idered  to have been conver ted  to tored.  This  m e t h o d  is thus  shown to be useful for  
/ - H M A ,  ca. 1% to d - H M A ,  4 - 1 0 %  to con juga ted  s tudying  synephr ine  metabo l i sm.  
l - synephr ine  and ca. 1% to con juga ted  d-syn-  
ephr ine  in vivo. H M A  conten t  in mos t  cases 
exceeded tha t  o f  synephrine.  However ,  the ra t io  References 
o f  these c o m p o u n d s  differed accord ing  to the 
subject.  The a m o u n t s  o f  H M A  and  synephr ine  in [1] T. Kinoshita, M. Sameshima, U. Sankawa, Shoyakugaku 
urine fo l lowing C. unshiu ingest ion can thus be Zasshi 33 (1979)146-149. 

[2] 1. Stewart, W.F. Newhall, G.J. Edwards, J. Biol. Chem. 
easily compared .  The  present  me thod  is thus ap-  239 (1964)930 932. 
p l icable  to the s tudy  o f  synephr ine  metabo l i sm.  [3] x. Chen, Q. Huang, T. Zhou, Acta Pharm. Sin. 15 (1980) 

71 77. 
[4] L. Gjessing, M.D. Armstrong, Proc. Soc. Exp. Biol. Med. 

114 (1963) 226 229. 
4. Conclusion [51 F. Kusu, K. Matsumoto, K. Takamura, Chem. Pharm. 

Bull 43 (1995) 1158 1161. 
H P L C  with e lec t rochemical  de tec t ion  using a [6] K. Hasebe, T. Kakizaki, H. Yoshida, Anal. Chem. 59 

chiral  l igand-exchange  co lumn was found  to be (1987) 373-376. 
adequa t e  for  the enant ioselect ive  de t e rmina t ion  o f  [7] H.M. Liebich, C. Forst, J. Chromatogr. 525 (1990) 1-14. 
H M A  with high sensitivity. By this me thod ,  [8] T.C. Sparks, C. Geng, Anal. Biochem. 205 (1992) 319 

325. 
H M A  was de te rmined  in urine fol lowing the in- [9] B.Y. Lee, T.F. Thurmon, Clin. Chim. Acta 218 (1993) 
gest ion o f  C. unshiu. A l t h o u g h  no  H M A  was 215 222. 
present  in C. unshiu, d- and  I - H M A  were ob-  [10] s. Yamazaki, T. Takeuchi, T. Taniumura, J. Liq. Chro- 
served in ur ine af ter  the ingest ion o f  C. unshiu, matogr. 12 (1989)2239-2248. 

[11] N. Oi, H. Kitahara, F. Aoki, J. Liq. Chromatogr. 16 
The t ime courses  o f  H M A  and  con juga ted  syn- (1993) 893 901. 
ephr ine  enan t iomers  excreted in urine after  the [12] F. Kusu, K. Matsumoto, K. Arai, K. Takamura, Anal. 
ingest ion o f  C. unshiu for  24 h could  be moni -  Biochem. 235 (1996) 191 194. 


