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Abstract-The IdentItles of benzamlde derlvatlves of putrescme, spermldme and spermme separated from plant tissue 
extracts by HPLC are confirmed by mass spectral analysis and recoveries are reported 

INTRODUCIION 

Redmond and Tseng [l] used the classical 
Schotten-Baumann procedure to benzoylate polyammes 
for subsequent analysis by reversed-phase HPLC with 
UV detection Flores and Galston [2] apphed the method 
to the analysis of polyammes from plant tissues usmg 
HClO, extra&on and IsocratIc elutlon Effiaency of 
polyamme recovery from plant-tissue samples has not 
been reported, and to date, ldentlficatlon has relied upon 
retention times, co-chromatography and compansons 
with TLC data We now report a modified separation 
procedure and recoveries of putrescme, spermldme and 
spermme through HPLC We also confirm the ldentlties 
of the benzarmde derivatives of the polyammes and 
identify the major Ions m their mass spectra 

RESULTS AND DISCUSSION 

Average recovenes and standard errors for 14C- 
putrescme, spermldme and spermme added to tissue 
slurries were 94 f 2, 83 f 2 and 70 + 2 %, respectively 
Although the reasons for reduced recovery with increased 
chain length of the ammes remam unclear, addltlonal 
sample clean-up by mcluslon of an ion-exchange 
chromatography step m the separation procedure [3] 
apparently does not reduce variation or yield higher 
recovenes than we obtained On the contrary, we found 
that standard errors remained acceptably low when the 
crude TCA extracts were denvatlzed Hrlthout addltlonal 
punfication of the samples The recovery of unlabelled 
1,6-hexanedlamme, which IS commonly used as an mter- 
nal standard dunng polyamme analysis [l, 31, was 83 
+2 9 % It, therefore, accurately reflects recovery ef- 
ficiency for spermldme but underestimates the values 
for putrescme and overestimates those for spermme To 
determine whether endogenous agmatme m@t be hydro- 
lysed to putrescme durmg sample extraction and sub- 
sequent benzoylatlon, several HPLC runs were made wth 
TCA-treated and benzoylated standards of agmatme, 
putrescme and rmxtures of the two ammes We found no 

evidence that agmatme contnbuted to the putrescme pool 
dunng these procedures 

The low volatlhty and relatively high boding points of 
the benzmude denvatlves of the ammes necessitated the 
use of solid probe analysis m lieu of combmed GC/MS 
Probe temperatures of 140”, 180” and 390”, respectively, 
were required to detect the molecular ions of the benz- 
amides of putrescme, spermtdme and spermme (Table 1) 
The detection of several high M, ions IS essential for 
positive ldentlficatlon of the ammes since a number of low 
M, fragments, mcludmg the benzene carbonyl-ion base 
peaks at m/z 105, are common to all three mass spectra A 
comparison of the spectra of denvatlzed plant samples 
and standards showed essentially identical fragmentation 
patterns and confirmed the rehablhty of the benzoylation 
procedure for the analysis of putrescme, spermldme and 
sperrnme derived from plant tissues 

EXPERIMENTAL 

Polyammes were ldentdied m cotyledons of recently gernu- 
nated sugar maple seeds (Acer saccharum Marsh) and m 
carnatlon flower petals (Dmnthus carophyllus L ) About 300 mg 
fr wt of plant tissue were extracted 3 x m 1 ml ahquots of cold 
5 % TCA m a Potter-ElvehJem homogenizer The samples were 
transferred to 16 x 125 mm screw-cap test tubes and, after 
addltlon of ‘*C radmactwe authentlcs and 1,dhexanedlamme 
[ 1] as mt standards, the homogenates were centifuged at 2600 g 
for 1 hr to remove suspended plant matenal (Extracts from some 
tissues may require partltiomng with 2ml CH,CI, prior to 
derlvatizatlon to avoId contammant peaks that may overlap wth 
1,Chexanedlarnme ) A 500 ~1 ahquot of the supematant from 
each sample was bcnzoylated followmg the procedure of ref [2] 
Denvauzed extracts (lOp1) were injected mto a Spectra- 
Physnzs 8000 hqmd chromatograph and separated at 50” on 
a 150 x 4 6mm column packed with 5pm Ultrasphere-ODS 
(Beckman) usmg MeOH-H,Gacetomtnle (8 11 1) program- 
med to 14 5 1 over 20 mm for elutlon Peaks were detected by A 
at 254 nm Fractions correspondmg to retention hmes of ben- 
zoylated standards were collected for recoveries, then dned and 
subsequently analysed by solid-probe MS vvlthout further puru% 
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Table 1 Prmcqal mass ion fragments of benzoylated putrescme and polyamme standards 

Normahzed 
Ion peaks mtenslty 

Compound (m/z) (%) Possible fragment structures 

Putrescme 105 100 
134 90 
148 97 
162 122 

174 184 

191 104 
296 27 

Spenmdme 105 100 
174 245 
231 205 

352 149 
457 10 

Spermme 105 100 
162 210 
174 478 
231 428 
352 290 
456 177 
513 195 
618 13 

[PhCO] + 
[PhCONHCH,] + 
[PhCONH(CH,),] + 
[PhCONH(CH,), j + 
[PhCON<$;-ccHI; ] + 

[PhCONH(CH:),NIi] + 
[PhCONH(CH,),NHCOPh]+ molecular Ion 

As above 
As above 

,,CH-CH, ’ 
[PhCONH(CH,),N\CH2-CHz 1 
[PhCONH(CH2),N(CH,),NHCOPh] + 
[PhCONH(CH,),N(COPh)(CH,),NHCOPh] + molecular Ion 

As above 
As above 
As above 
As above 
As above 
[PhCONH(CH,),N(COPh)(CH,),N(COPh)]+ 
[PhCONH(CH,),N(COPh)(CH,),N(COPh)(CH,),NH]+ 
[PhCONH(CH,),N(COPh)(CH,),N(COPh)(CH,),NHCOPh]+ molecular Ion 

catlon About 10 nmol of detxvauted sample were rtilved m 
50 ~1 of absolute MeOH and then dned on the sohd probe of a 
VG Mxromass 707OF mass spectrometer and analysed usmg an 
ermsslon current of 100 fl, an acceleratmg voltage of 4 kV, an 
Ion-source temp of 240” and lonlzlng voltages of 20eV for 
spermldme and spermme and 70 eV for putrescme 
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