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SUMMARY 

As the first step m a study of mucosal polyamme metabolism dunng mtestmal 
adaptation, we have measured mucosal polyamme concentrations at different sites along 
the normal rat intestine Putrescme, spermldme, spermme and cadaverme were measured by 
spectrofluorometrlc analysis after thin-layer chromatography of then- dansylated denvatlves 
Spermldme was present m the largest amounts at each of the sampling &es The ratio of the 
concentration of spermldme to that of spermme paralleled the established pattern of cellular 
prohferatlon m the normal intestine as did the putrescme concentration (nmol per 10 cm) 
whrch decreased from duodenum to colon These results provide the essential background 
to an assessment of the role of polyammes m the mtestmal adaptive response 

INTRODUCTION 

Followmg small bowel resection m the rat, the residual mtestmal mucosa 
undergoes adaptive changes m structure and function which are more marked 
m the lleum than the JeJunum [l] Lummal nutrition, pancreatic and blllary 
secretions and hormonal factors have all been implicated m the control of 
mtestmal structure and function However, the tissue regulatory mecharnsms, 
that 1s the processes by which the mucosal tissue responds to the trophlc 
stimuli, are unkown 

Recently Luk et al [2] have suggested that the polyammes putrescme, 
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spermidme and spermme play an Important role in the adaptlve response of the 
mtestmal mucosa. Transient mcreases m polyamme concentrations have been 
observed m the developmg rat mtestme, durmg recovery from mtestmal nqury 
and m the adaptation of the ileum followmg JeJunectomy [2--41 

As the first step m a study of mucosal polyamme metabohsm durmg 
mtestmal adaptation, we have measured polyamme concentratrons at different 
sites along the normal mtestme We report here our methods and fmdmgs. 

EXPERIMENTAL 

Male Wlstar rats [weighing 252-286 g, mean + standard error of the mean 
(S E.M.) 263 * 10 5, n = 13, nme weeks old] were housed mdlvidually and fed 
commercial chow (No 1 chow, Special Diets Service, Essex, U.K.) Followmg 
a 20-h fast, dunng which water was allowed, the animals were anaesthetlsed 
with phenobarbrtone (mtrapentoneally, 4 mg per 100 g body weight) and 
blood was wlthdrawn by cardiac puncture. The small bowel was removed from 
the abdomen, stnpped of Its mesentry, flushed with ice-cold lsotomc saline, 
stretched with a 5-g weight and Its length measured against a vertical scale The 
duodenum, 5 X 10 cm segments of JeJunum, 5 X 10 cm segments ot ileum, 
the colon and the caecum were separated, placed on glass plates over ice, split 
longltudmally and washed with ice-cold salme. Excess moisture was removed 
by blotting with filter paper and the mucosa scraped into tared vials. The 
mucosal samples were then stored at -70°C until analysed for then protein, 
DNA, cr-D-glucosidase and polyamme content. 

Reagents 
Putrescme dlhydrochlonde, spermldme tnhydrochlonde, spermrne tetra- 

hydrochloride, cadavenne dlhydrochlonde, prolme and dansyl chloride were all 
obtained from Sigma (Poole, U.K.) [ 1,4-14C] Putrescme dlhydrochlonde, 
specific actlvlty 100 $IJi/mmol and [ 14C] spermme tetrahydrochloride, speclflc 
activity 100 pCl/mmol, were obtained from Amersham International. 
Precoated 0 2-mm Merck thm-layer chromatography (TLC) slhca gel 60 plates 
wrthout fluorescent mdlcator and all other chemicals were obtamed from BDH 
(Poole, U.K.) 

Folyamme measurement 
The mucosal polyamines were extracted and measured as follows. 
(1) Each mucosal sample was thawed and immediately homogenised m 5 ml 

Ice-cold 0.1 M sodium phosphate buffer pH 7 2 (containmg 1 mM dlthloery- 
thntol) usmg an ultra-Turrax homogeniser and an MSE 1600 sonicator (3 X 15 
s bursts). 

(11) Chilled 2% perchlorlc acid (3 ml) was added to 2 ml of the homogenate 
The sedrment obtamed on centrifugatlon (1000 g for 15 mm) was washed three 
times with 5 ml of 2% perchlorlc acid and the supernatant and washmg were 
combined and applied directly to a column of Dowex-50 (40 X 10 mm) 151. 

(m) The column was washed with 40 ml of 0 1 M sodmm phosphate buffer 
pH 8.0, contammg 0 7 M sodmm chloride, followed by 10 ml of 1 M hydro- 
chlonc acid The polyammes were eluted with 15 ml of 6 M hydrochloric acid. 
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(iv) The volume of each eluate was measured and 0 3 ml were evaporated at 
55” C usmg a rotary evaporator 

(v) The residue was dissolved m 0.3 ml of 0.6 M sodium carbonate solution. 
Dansylatlon was achieved by the addition of 0.3 ml dansyl chloride (10 mg in 
dry acetone) [6, 71. Followmg vortex-mixmg some 2 mg of sodium carbonate 
were added and the mrxmg was repeated. The dansylatlon reaction was allowed 
to continue m the dark at room temperature overnight 

(vi) A 0 l-ml volume of 100 mg/ml prolme m water was added and the 
mixture allowed to stand for 1 h at 37°C 

(vu) Followmg the addition of 3 ml of 0.5 M sodium hydroxide, the 
dansylated polyammes were extracted by shaking with 3 X 6 ml dlethyl ether. 
The ether extracts were pooled and evaporated to dryness under a stream of 
air. 

(vm) The residues were dissolved m 200 yl chloroform (contammg 1% 
ethanol). 

Th m-layer chromatography 
Standard solutions of putrescme, spermldme, spermme and cadaverme were 

prepared m 6 M hydrochloric acid such that the concentrations of each poly- 
amine ranged from 0 to 40 pmol/l (see Fig 1) Of each of these solutions 
300 ~1 were evaporated to dryness, dansylated as described above and the 
residue was dissolved m 200 ~1 chloroform. Of these solutions and of the 
sample extracts 50 ~1 were apphed to activated (1 h at 110°C) silica gel plates 
Ten extracts mcludmg at least two standard solutions were routinely spotted 
on each TLC plate The plates were run m ethylacetate- cyclohexane (2.3, v/v) 
[8] Followmg location under UV hght (340 nm), the areas of each dansylated 
polyamme were cut and placed m small stoppered glass cuvettes with 
chloroform (2 ml for putrescme, 3 ml for others) and left rn the dark for 24 h 
at room temperature. The strips were then removed and the fluorescence of the 
cuvette contents was read at 355 nm excitation and 505 nm emission m a 
Perkm-Elmer spectrofluonmeter (MPF 3-L) 

Because dansylated polyamines are unstable, standard solutions of poly- 
amines were dansylated and chromatographed with each batch of tissue 
analyses 

Other assays 
Protem content of the homogenates was estimated by the method of Lowry 

et al [9], DNA as described by Prasad et al. [lo] and a-D-glucosidase using a 
modification [ll] of the method of Baudhlm et al [12]. 

RESULTS 

Recovery and reproducllnh ty experzmen ts 
(I) Recoveries of [ 14C] putrescme and [ 14C] spermme added to tissue samples 

during their homogemsatlon are shown m Table I Losses of putrescine were 
appreciable during the dansylatlon step and both putrescme and spermine were 
poorly recovered from the thin-layer plates 

(11) The recoveries of standard solutions of each of the polyammes were 
reproducible and independent of the ongmal concentration (Fig 1) 
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TABLE I 

RECOVERY OF [14C]PUTRESCINE AND [“CISPERMINE ADDED TO TWO 
DIFFERENT TISSUE SAMPLES DURING THE HOMOGENISATION STEP 

Stage Tissue 
sample 

Perchlorlc acid digestion 1 88 8 105 1 
2 87 1 105 8 

Dowex column chromatography 1 89 0 98 5 
2 93 8 89 8 

Dansylatlon and ether extraction 1 62 1 95 3 
2 73 0 911 

Thm-layer chromatography 1 50 1 51 3 
2 56 7 515 

Polyamme recovery (%) 

[ “Cl Putrescme* [“Cl Spermme* 

* Actlvlty 20 nC1, approx 0 25 nmol 

Fluorescence PUTRESCNE SPERMDINE 

100 

50 

SPERMHE CADAVERINE 

200 

100 

1 , I 1 1 7 
5 10 15 20 25 30 35 40 b 5 10 15 20 25 30 35 40 

Fig 1 Reproduclblhty of standard curves (mean i S E M , n = 15) for each of the poly- 
ammes Arbitrary units of fluorescence versus concentration (pmol/l) 

(m) The preclslon of the RF values for each of the polyamme fractions 
wlthln different tissue samples (expressed relative to the RF of excess 
dansylated reagent m each lane) was (mean f S D ) putrescme, 46 7 + 2 0, 
spermldme, 32.0 + 1.7, spermme, 22 3 + 1 7, cadaverme, 51 5 f 2 1 

(IV) All tissue analyses were performed m duplicate and an analysis of the 
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TABLE II 

PRECISION OF DUPLICATE DETERMINATIONS OF POLYAMINE CONCENTRATIONS 
IN TISSUE SAMPLES ANALYSED IN FIFTEEN DIFFERENT BATCHES 

Concentration added n Concentration found Coefficient of 

(crmol/l) (mean * S D ) variation 

(wnol/l) (%) 

< 25 90 160+10 62 
26- 49 120 410*14 34 
50- 74 71 640+22 34 
75- 99 41 895i:22 25 

> 99 19 1229*23 19 

data obtamed to date showed the method to be reproducible from batch to 
batch (Table II) 

In testmal mucosal polyamme dzstnbutlon 
Of the polyammes m the normal rat mtestme, spermidme was present in the 

highest concentrations m all of the mtestmal segments (Fig 2). Putrescme, 
spernudme and spermme were present m much greater amounts than the 
bacteria-associated cadaverme There was a proximal-to-distal gradient m 
putrescme concentrations when the results were expressed per unit length 

Fig 2 (Contmued on p 272) 



Fig 2 Polyamme dlstrlbutlon m mucosa of normal rat mtestme D = Duodenum, J = 
JeJunum, I = Ileum, Cae = caecum, Co1 = colon (A) Concentrations expressed nmol per 10 
cm (mean i SEM, II = 13), (B) concentrations expressed nmol per mg DNA (mean * 
SEM,n=13) 

intestine There was also a gradlent m the corresponding DNA and protein 
results (Table III) The dlstrlbutlon of the a-D-glucosldase activity was as 
previously described [ 131 

DISCUSSION 

This 1s the first report of the distribution of polyammes throughout the 
mtestme of the normal rat The analytical procedure described makes use of 
different aspects of earlier methods To avold lengthy extractlon and 
concomitant poor recovery, the polyammes were isolated from homogemsed 
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TABLE III 

INDICES (MEAN * S E M ) OF INTESTINAL MUCOSAL MASS AND wGLUCOSIDASE 
IN THIRTEEN NORMAL RATS 

Mucosal wet weight DNA Protein a-Glucosldase 
(mg per 10 cm) (mg per 10 cm) (mg per 10 cm) (units* per 10 cm) 

Duodenum 3133 i. 166 269+ 013 30 74 * 124 194 4 f 24 2 

JeJunum 1 298 0 + 19 2 2 74 k 0 14 3178 f 0 28 230 3 f 16 2 
2 295 9 * 15 5 2782030 30 74 f 1 46 331 6 f 32 6 
3 298 0 f 115 2 78 * 0 18 30 60 f 1 33 367 8 i 30 3 
4 293 8 + 10 9 2 75 f 0 19 30 59 f 1 54 365 4 + 34 0 
5 2900+ 123 272?018 29 45 f 1 01 334 5 i- 27 9 

Ileum 1 290 0 f 12 9 2 66 + 0 22 29 19 f 1 01 308 5 * 17 4 
2 288 2 * 15 7 2 46 * 0 14 28 42 i- 1 27 218 1 i 22 7 
3 286 1 + 17 4 2 41+ 0 15 27 95 f 159 125 4 * 15 3 
4 275 0 i 15 1 247 * 009 27 67 i: 0 83 72 2 f 10 0 
5 257 5 f 15 9 2 40 f 0 15 25 92 * 1 44 3685 53 

Caecum** 290 * 9 6 5 38 f 0 60 58 95 2 5 00 249* 05 

Colon 2582i136 1 64 * 0 19 17 98 + 0 96 120* 11 

l 1 Unit of actlvlty = 1 nmol substrate converted to product per minute 
**Whole mucosa of each caecum taken for assay 

tissue using a small Dowex column as described by Inoue and Mlzutam [ 51, the 
polyammes were dansylated [6] using the procedure of Dion and Herbst [‘I] 
and the TLC separation was that of Dreyfuss et al [S] . With this procedure we 
obtained consistent recoveries, a sensitive fluorimetric end point and measured 
cadaverme (which is usually considered to be the product of bacterial 
decarboxylation of lysme [ 141 and could be used as an index of bacterial 
contarnmatlon [ 151). However, although to date lysme decarboxylase has 
only been isolated from plants and bacteria, some authors consider that 
cadaverme may be produced m mammalian cells with a high ormthme 
decarboxylase activity [ 161 In the present study, the cadaverme concentra- 
tions were lower than those of the other polyamme concentrations and did not 
vary with the site of tissue sampling Nevertheless, the possibility that the 
mucosal preparations were contammated by bacteria (particularly m the 
caecum) cannot be entirely ruled out The concentrations of putrescme 
(expressed as nmol per 10 cm) decreased from duodenum to colon and 
paralleled the well established gradient m mucosal mass from duodenum to 
colon [l] (Fig. 2A). 

Spernudme was the polyamme present m the largest amounts at each of the 
sampling sites This fmdmg is similar to those of Luk et al [2], Porter et al 
[17] and Luk and Baylm [4] 

The concentrations of spermme found m the present study were always less 
than those of spernndme although higher than those of putrescme This fmdmg 
does not agree with those of previous studies [2, 4,151. Our results are more in 
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Fig 3 Ratio spermldme/spermme concentrations m mucosa of normal rat mtestme (mean f 
SEM,n=13) 

keepmg mth those of J&me et al [18] Spermme concentration per cell tends 
to remam constant or mcrease w&h age and the ratio spernudme/spermme 1s 
also considered to be agedependent and may be regarded as an index of 
cellular proliferation [18] The rats m the present study weighed 263 f 10 5 g 
and the spermldme/spermme ratios were highest m the duodenum and lowest 
m the colon (Fig. 3) Thus m our study, the ratios did parallel the established 
pattern of cellular prohferatlon m the normal rat mtestme 

Polyamme concentrations and metabolism have long been of mterest to 
clmlclans momtormg the effects of therapy on tumour growth m man [19] , 
studying maturation [ 20, 211 and tissue regeneration [ 22,231. Recent studies 
of the lmk between polyammes and cellular prohferatlon have been extended 
to the intestine [ 21 We have described a convenient method for measurement of 
the four common polyammes The results provide the essential background for 
an assessment of the role of polyammes m mtestmal adaptive response 
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