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N-Glucosidation, as a major pathway of the metabolism of barbiturates in man, was dis- 

covered in this laboratory during the course of pharmacogenetic investigations with amobarbi- 

tal [1,2] and phenobarbital 131. The biochemistry of formation of the newly identified bar- 

biturate-N-glucosides and of N-glucosides in general is at the present time totally unexplored. 

In fact, the one other report of mammalian N-glucosidation was based on in vivo observations -__ 

only [4]. The biological significance of the new metabolic pathway is also unknown. Studies 

of 0-glucosidation, an analogous though not identical reaction, suggested that conjugation 

with glucose may be relevant to the physiological role of steroids [5,6]. 

Preliminary attempts in this laboratory to study N-glucosidation of amobarbital in vitro ___ 

[7] revealed the need for a re-examination of the methods developed earlier for the purpose 

of in vivo measurements. As will be shown, a two-dimensional thin-layer chromatographic sep- -~ 

aration (2xD TLC) was devised which made use and combined the advantages of two previously 

worked out TLC solvent systems [S]. Application of this method to the analysis of incubation 

mixtures with amobarbital, UDP-glucose and human liver microsomes led to the demonstration 

of in vitro formation of amobarhital-N-glucoside. _-__ 

Materials and Methods 

All non-radiolabelled hiochemicals were purchased from Sigma Chemical (St. Louis, MO.). 

UDP- [6-3H]glucose, specific activity 3.1 Ci/mmol,was obtained, as the ammonium salt, from 

Amersham (Oakville, Ontario). 
14 

[ ClAmo, specific activity 5.0 Ci/mol, and C-OH were synthe- 

sized as reported earlier [8].* Amo-N-glu was prepared as follows: l-(2,3,4,6_tetraacetyl- 

B-D-glucopyranosyl)amobarbital was synthesized by condensation of N-(2,3,4,6-tetraacctyl-3- 

D-glucopyranosyl) urea and 2-ethyl-2-(3-methylbuty)malonyl chloride as described previously 

[31. Methane CI mass spectrum gave m/e 557 (MII+), 497 (MH+-60)) 331, 271 and 227. Amo-N-glu 

was synthesized by acid hydrolysis (0.8 ml 6N fIC1) of the tetraacetyl derivative (1 .1 mmol c 

in 3 ml of methanol) at 60” for 2 hrs. The mixture after being dried was redissolved in 1 ml 

of water and extracted with three 4 ml portions of ethyl acetate. After separation and 

drying of the organic phase, the resulting gum-like substance weighed 320 mg. A white amor- 

phous solid was obtained aftorrecrystallization from ethyl acetate and ether, m.p. 143”-144°C. 

The methane CI mass spectrum gave m/e 389 (hlH+), 227, 163, 145, 127. 4nal. (Cl,1128N208)C,fl,N. 

Human urine containing [ 
14 

C]Amo and metabolites was collected during a previous study 

[8] and stored at -2O’C. Extraction with three 5 ml portions of ethyl acetate in the presence 

of saturating (NH4)2 SO4 gave greater than 9% extraction efficiency. Iluman liver specimens 

*Abbreviations 
Amo = amobarbital; [14C]Amo = ]2-l4 Clamobarbital; 
1-(B-D-glucopyranosyl) amobnrbital ; 14C] 

Amo-N-glu = amobarbital-N-glucositlc or 
[ Amo-N-glu = [2-l4C] amobarbital -N-glucoside; 

Amo-N-[3H]glu = amobarbitnl-N-[6-3HJ glucoside; C-011 = 3’-hydroxyamobarbital; G6P = glucose- 
6-phos!>hate; GGPDH = glucose-h-phosphate dehydrogenase. 
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acre obtained from hidncy donor cases (K3, ~4, K5) 2nd :lutopsy cases (,h19, 12 hours after 

death) at the Toronto General llospital, qllick-frozen with 1 iquid nitrogen as 1 cm’ cubes and 

kept in storajic at -SO”C. ,111 incuhntions, 5 ml total volume, containing 92 mbl KCI, SO NM 

KII,l’O4 (pII 7.5) und microsonres prcprcd from 1 g of liver according to standard procedures 

171, were carried out at 37’C, under air, for periods of 20 to 75 minutes. The reactions 

\iCr‘L‘ stoppctl by addition of (I._’ ml IN tIC1 and cooling. 

Incubations using [ 14. 
(.]~Imo as r;~tliol:rbcl contained 25 u1\1 [ 14 

C 1 An10 , specific activity 

1 Ci/mol, crnd IVCTC carried out with or without l-5 mM UDP-glucose, 2 mbl FlgCl, or the NAOPFI ‘. 
generating system. T.xtraction from incubation mixtures was performed as for urine. l)ry 

cstracts wcrc redissolved in 5-in0 ul of dioxc3ne and n fraction or all was spotted on prt- 

coated silica !:?l ‘ILC plates, 0.25 mm (GF - 254, obtained from IL. Elcrck/B.D.H., Toronto, 

Ont :lr i 0) lhc plates were developed in two different solvent systems, system A: n-butyl 

chloride and dioxane, 1 :l (1,/v), and system B: n-butanol and water, 93:7 (v/v), alone or 

combined. tlalf or one centimeter segments of silica gel were scraped from the plate, and the 

radioactivity Incnsurcd hy scintillation counting and cxprfsscd as percent of the total rndio- 

activity on plate, i.e. of the mixture analyzed. Percentage radioactivity values associated 

with ;I Tl.C pcah wcrc converted into numbers of picomoles of metnholite formed. 

Incubnt ions using llnP-[311]glucosc as rndiolabel containing S-20 UIV UDP-[311]glucosc, 

specific act ivit) 1X-2.5 Ci/mol, were carried out with or without 5 mM Ammo. f:xt ruct ion and TI.C 

wcrc pcrformcd as dcscrihcd ahovc. Calculation of number of picomolcs of met:~bolitc formed 

w:isbascd on the nbsolutc amount of radioactivity associated with n TLC peak. 

Preliminary results obtained during in vitro testing of human livers with ( 14 C]Amo 35 -__ 

a suhstratc rcvcnlcd that, due to small yields of Ammo-N-glu, the one-dimensional TIC used for 

(1~ viva siudics \LCI‘C nut adccjuate for tither identliication or quantitntion (Table 1). As 

may be seen in Fig. 1, two-dimensional combination of solvent systems A and B bcncfitcd both. 

It permitted accurate comparison of the I$ value with that of authentic compound and sep 

arat ion of Amo-N-~~II fro111 all intcrfcrcni‘cs listed in TabIc 1. The cl iminat ion of intcr- 

T:tble 1 Propert its of [ 14 
C] &no-N-glu in One-dimensional TLC with Different Solvent Systems 

System !\* System RX A and D, sequentinllyt 

0 - 0.2 

(amount -dependent) 
0.55 

yes 
“0 

no 

no 
yes 

ye s 

no 
yes 

no 

-._ 

System A: n-hutyl chloride and dioxsnc, 1:l (v/v); system R: n-hutanol and water, 9X:5 
( v / 1: ) . 

t l)cvclopmcnt first with solvent system h to 15 cm and, secondly with solvent system I3 to 

1 cm. 

+’ Unknown materials, see Fig. 1. 

3 
Son-identified mctnbolitc, see Fig. 1. 



Preliminary Communications 2087 

In Vivo 

Cm 0 2 4 6 6 10 

1 In Vitro 
95% T? 94% 1 

a? 

Cm0 2 4 6 6 10 

Fig. 1. Two-dimensional TLC separation of [ 14 C]Amo and metaholitcs: development first with 
solvent system A (A) to 15 cm (radiochromatograms shown on the left of each plate), and 
secondly with solvent system B (8) to 11 cm along a direction at right angle to the first. 
The location of individual radioactivity peaks was as follows: Amo: cm 9-10 (A), 8-9 (B); 

C-011: cm 5-7 (A), 8-9 (B); metabolite “X”: cm 3-4 (A), 6-7 (B); Amo-N-glu, shown as dotted 
solid: cm O-2 (A), 6-7 (B); polar materials: cm O-2 (A), O-2 (B), and: O-2 (A), 8-9 (B). 
In \'ivo: human urine; In Vitro: 60 min _F -___ incubation with 25 nM [I4C]Amo, K3 human liver 
mlcrosomes, 1 mM UDP-glucose, 2 mM MgC12, 0.4 mM NADP, 1 mM NADII, 4 mM G6P and 2 units G6PMI. 

[‘“Cl Amo-N-glu 

.__. no addition 

-- 2mM MgCI, 

- 2mM MgCI, i- I 
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Fig. 2. IIDP-Glucose-dependent formation of Amo-N-glu with human 1 iver microsomcs . Radio- 
chromatograms were obtained by 2xD TLC and re resent: cm O-2.5 (A) and O-10 (B) (see Fig. 1). 
Left panel: 65 min incubations with 25 nF1 [ 1s C]Amo and Al9 liver. 
incubations with 5 pM UDP- [3H]glucose, 2 mM MgClz and u liver. 

Right panel: 75 min 
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Table 2. Rates of Amo-N-glu Formation with Human Liver blicrosomcs, as pmol/hr/g liver 

Incubations with 25 ub! [14C]Amo Incubations with 5 IJM 11l~l’-[3ll]g1uc0sc 
__-- _~. _ __~ 

Liver no MgC12 2 til blgC12 + Liver 2 m~1 f$$l7 2 rrrM &Cl + 
no UDP-glucose 

5 mM IJDP-glucose Am0 
- 

no 5 ml1 :\mo 7 

*19 7* 378* A 19 1 L? 

A19 32 532 K 4 .> _* I’& 

K4 18 1_ 51 425 K 4 : 11 13 

K” 5 12 284 ! 20 + 

K 5 18 178 ? 25 
? 

Control 19 
(no liver) 

* 
Shown on Fig. 2. 

.t Average of duplicates within experiment. 
t 20 uM UDP- [31i] glucose. 

ference from polar materials was of particular value since these wcrc relat ivcly more 

abundant in vitro than in vivo (Fig. 1) and varied depending on incubation conditions (fig. 1 -___ -- -- 

dnd Fig. 2, left panel). UDP-Glucose-,lej)cnJent formation of ,Zmo-:J-glu hy him~an I i vc‘r mic i-o- 

somes was demonstrated with either [ 14 C]Amo or UDP-[311]glucosc as radiolabel (Fig. 2). 

Reproducibility of the method is shown on Table 2. 

In summary, in order to undertake in vitro studies of nmoharhital -X-glucosidat ion, -- 
a sensitive and specific method was developed, based on 2xD TLC separation of amoharhital-N- 

glucoside from over 99.5% other material of lesser or greater polarity. Synthesis of amo- 

barbital-N-glucoside and requirement for UDP-glucose were dcmonstrntcd with human 1 ivcr 

microsomal preparations. This method will be used in further studies aimed at the optimizn- 

tion and characterization of the enzyme involved in this novel mctaholic pathway. 
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