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1 emit diagnostic for act in was the presence of ~-mcthylhisti­
dinc in purified surfactant apolipoprotein. 

/\ rhysiological role for surfactant apolipoprotein/actin 
· :in he suggested from the binding of myosin sub-fragment I 

!~, 1 ) (Tsilibary & Williams. 1983). In the type II alveolar 
cells that secrete surfactant S1-decorated actin fibres were 
particularly abundant near lamellar bodies. the intracellular 
slores of surfactant phospholipid. Taken together with the 
binding of cytoplasmic apolipoprotein to dipalmitoyl phos­
rhatidylcholine emulsions. this report suggests that apolipo­
protcin/actin is involved in the intracellular migration and 
exocytosis oflamellar bodies. The presence of this protein in 
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both immature lung cytosol and immature arnn1ot1c fluid 
could be due to actin derived from non·s.J:!rfactant sources. 
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: ''L'tal growth and oxidative metabolism are supported hy 
11

:" cnntinuous transfer of nutrients from the mother 
'l 1.:rtar.lia & Meschia. 1978; Munro et al .. 1983). The pas­
: :r(' ('r metaholires through the placental barrier may occur 
I -11nplc di/Tt-sion (e.g. for fatty acids). facilitated diffusion 

!,q i•itir<•,c\ or active transport (e.g. for amino acids) 
•• 1 ;, ! ', ,\: ~:. hrn·ider. 1978). The net transfer of a metabolite 

'· 1!i,: l"('tu< i,. influenced by the concentration gradient be· 
' · ·· ·n mother and foetus (Shcllev, 1979), blood fluxes at 
' -rli :;idrs (lf the rlacenta (Wilkening ct al .. 1982). and the 
,,, '

11.il pcrmcahility or the placenta to that metaholite 
( I \me i, & Schneider. J 978). Thus changes in the concentra· 
1,,,11 ,,1 ;1 mct:iholite in the maternal circulation lead to vari­
,1,11,11~ in its transfer to the foetus (Bovd et al. 19n). 
''1., n11;,J transl'cr of diffe}ent substances has been well 

1.• 1iii,!icd i11 svstems which allow simultaneous samrlin~ 
11,·111 h,,1tli sides or the organ (Battaglia & Meschia. 1978: 
I ··,,n & Yudilc,ich. 1981). These studies ha\'e confirmed 
:I, 11, indercndcntly of the transport mechanism and the net 
11 :1n,tcr lo the foetus. placental permeahility differs f0r each 
n,rraholitc (Battaglia & Meschia. 197R: Seeds er al .. 1980). 
Ir IS 1101 yet known, however. whether the placenta itself. as 
•·1 11qr:rn. is able to modify its effective permeahility to a 
1m·u h1lite in order to modulate its transfer to the foetus. As 
11,,.· l\>ctal/rnatcrnal ratio of circulating rnet;;holites \'aries 
:1:;d is greatly modified hy starvation. in the present work 
1, c· cnmpared the placental permeahility of different metah-
1il11n in the rat and determined whether maternal star\'a• 
11,,11 ;ilfccts this r;irarneter. Fed and 48h-staned 21· 
(l:!1-rrcr.nant Wistar rats anaesthetized with sodium 
f''.:r1t\>hart~ital (J3 mg kg hody wt.) were infused for ~Orn in 
tl1rc1 ugh a cannula placed at the level of the lef't uterine 
:1rtr:r\' with trncc amounts of different 1.1c.1Jhclled mctab-
1~liti:; dis,ohed in 0.9'\ NaCl. by using the surgical proce­
d111,.· and other mcthnd0lngical details described h, Lasun­
' 1 ,11 1 r oi ( I <lR.\ l In this w~1\'. the left uterine lwrn rl'L'CI\ ed 
!I:·.' 1r,1ccr directh, 1d1ereas.it rc:1chcd the rl!,!hl horn ;1flcr 
d 1:11l1(ln in the rnotlicr's circulation. The dilkrence hetween 
r•·: 1,rna radioactivity in foetuses from the left and the right 
u!ernir.> hl'rn was used as an index of the permeahility to the 
in fused meta holitc (Lasuncion et al.. I 98J; Pahlcin ct al .. 
!1l~n) o-[U·'~C]Glucose. L•IU-14C]alanine and IU· 14 C]gly­
cen1l were used as tracers because these metaholites arc 

transferred through the placenta by different transport 
mechanisms (Widdas, 1952: Dancis & Schneider. 1978). 
and because their concentration in maternal plasma 
changes with starvation (Herrera et al., 1969: Girard et 
al.. 1977). Two non·metabolizable compounds (3-O-methyl 
[U- 14 C]glucose and (X-amino [1• 14C]isobutyric acid) were 
also used to determine whether placental permeability to 
them differed from that of their metabolizable analogues. 
Plasma radioactivity values were much higher in foetuses 
from the left than from the right horn when [14C)glucose or 
( 1-!C]alanine was infused, as indicated by the high rlasma 
radioactivity difference value (Table I). demonstrating the 
expected high placental permeability to these metabolites 
When ( 1 ~c]glycerol or -:x-amino[ 11 C)isohutyric acid was 
inruscd. however. these difference values were much 
smaller (Tahlc I). indicating that rlacental permeahilit~ to 
these compounds is lower than to glucose and alanine For 
:x-amino[' .. C]isobutvric acid. the different results compared 
with those with L-[ 14 C]alanine may be a consequence of the 
needs of the placenta to incorporate into its metabolis.m the 
amino acid to be transported (Carroll & Young. 1983). al­
though the i<nown difference in the nature of the carrier for 
:x-aminoisohutvric acid and alanine (Ender, ct al.. 19761 
could also influence results. With J-O-mcthyl['"C]glucose. 
which is fully recognized by the D·glucose carrier (Johnson 
& Smith. 1980). ohserved values were ven· similar to those 
with o-W- 1"C/glurnse (Table I). indicating th;1t glucose 
met.iholism does not .iffcct its placental permeability inde,. 
To correct \'alues forJ potential unspecific leak. infusion wa~ 
also performed with L·( l- 14 C)glucose. As al~o shown in Li hie 
I. the difTerence in plasma radioactivity between foetu~c~ 
f rum the lert and the right uterine horn was \'ery small. wl11ch. 
besides validaling the technique used. demonstrates the 
specificity of placental transport for D·glucose. Experiments 
in 48 h·starved rats were conducted specifically to determine 
the eventual effects ofstan·ation on rlaccntal permeahility. 
but not to quantify the net transfer of metabolites to the 
foetus. As shown in Ta hie I. plasma radioactivity differences 
between foetuses in the left and the right horn were very 
similar in starved and fed animals for anv 1.1c-labellt:d 
c0mround. This finding indicates that starv:ition in the rat 
docs nPt mudify placental pameability Plasma conL·cn­
tr:1twn or hnth !:lt1,nse and aLrnine decrc;1se. \\here:1s th:1t 
,,f .l! I :TC rol i ncre ~~cs\\ 1th ~tarv at 1011 in t lie m,1t her t H c rrcr:1 ,· 1 

al.. 1%9: Cir;1rd 1•1 al .. 1977), and the,c changes rn:1y 
second:inl\' affect the actual metabolite transfer throul!hout 
the placenta. even in the presence of unaffected permeability. 
Therefore the present results suggest that differences in the 
foetal maternal ratio of circulating metabolites known to be 
~aused bv starvation in the pregnant rat are not due to 
altered p'iaeental permeability to metabolites. but are a 
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r,:bir /'/,1.rnw radionctir-rrr dijlfrc11ce5 hf't;rn•11.fill'r11s1·sfrom rlw /efr a11rl rhc nl!hl 11/frm1• horn offer inti1sio1111f1.l['- 14 C]­
uit1/1/111', D-f U- 1 -1ckl11cosc. 3-0-methrl[ U- 1 "Ckl11cosr, cx-am1110[ /- I JC]i.rnh111rrrc acid. [ l'- I Jc ]giycerol or L·[ J. I-IC)gli11·05,• ,n 

thr fed and 48 h-.Harl'cd :: J-da_1·-rrcr;11anr rar 

lntu,1C1 n~ were performed for 20min under pentoharbital anaesthesia with the tr:icers diluted in 0.9'\ NaCl. at the rate ol 
I:~ 1,I 111in V:ilues were always corrected by considering Ix 101,c.p.m. as the total infused radioactivity per rat. and are 
,.,. 11rr· • ·. i :1, meam ± S.E.M. Numbers of animals per group arc indicated in parentheses. Statistical differences between led 

and 48h-starved rats were always not ~ir,nificant (P>O.OS). 

Foctnl plasma r~dioact.ivily difTercnces 
(left - right l 

red 

L ·[U·' 'C].A. I.mine 
D-1 U- 14C]Glucosc 
J-O-Mcthyl[ U· 1 'C)Glucosc 
'l:·A mino! I- "Clisohutvr,c acid 
l U -''('JG lycerol 

1()973±2144 ((,) 
bl41 ±713 ((,) 
9~76 ± 2~(Jg (6) 
197'.!±195(,.1) 
1944 ±447 ((,) 

48 h-Sta rved 
8800 :!.: 460 (Ii) 

9929 ± 1635 (6) 
768J±Ql3(6) 
2448±6-lR (4) 
2026 ± 300 16) 

L-11- "CIGlucose 314±65 (]) 

--··--····-----------------------------------------------
· ,,,1 ,.,., ·111· 1: ,,1· <1t.hn f:1ctors known to afTcct the transfer. 
11:,i:••·· 11 :· ,11n,,nl'. others, availabilitv of metaholites in the 
11:!1•·:• 1 ,! ,1,ic. rh,od 1km, and l'oet;il consumption. 

1 !ic- 1 1 , .. ,,_. nt qudy w:i~ per fPrmcd \\ ith g.rnnts r rom the FPndn de 
i 'i'- !" '1 ·· 1 '. 11 •11c, S:t 111t:1 r1a, de l:i Scgumiad Social and the Com1,1,·,n 
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1 , ·:,:.· .. ,. ,;1, ( 'icnc1a. Sp:1m. We than!: Carniinc S. Dclgad0 r,,r her 
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Studies in humans on the dcYelopmcnt of the GSTl. GST2 and GST3 isoenzymes 
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Lt1h/lr,n, •rr. North Sra/fimi.1hirc I /o.~riral Crnrrc. I /ar/lhd! 
R,11.' .:. ,<.,·,,,~t'•Ol1-Tr('l1/ ST4 i'PA. C.K .. 1111d tJJt-rarrm,·111 ()/ 
{ •;,.·: i ':, 1111,i /fro/th. l 1111·,•rritr o( Edi11h11rgh. Ld111i•11ri:h 
·'.//'' I/ il . .\,'//lldll:i /' f,.:. 

'; 1. :,r,.: ,1:mL·r,c dctt1\1catttl!! cnl\'mcs that in hum:rn, 
. ' .. '.'11'1.lll(t<; nl thtci: autosom.al loc,. (iSTI. GST2 ;ind 

\ ; ·' i ; ( ;,, J.ml. I Cl}, j). n1i:sc isoCn7\'mes ex hi hit \'ariahilit\'. 
hit ,,nJ,. ,n the ca~c of GSTI docs ·this appear 1(1 he ~e11rii­
c:1ih determined (Stranbc ct al .. 1984). AlthnuJ.!h studic, 
h:1, c rq'orted Ci ST activitv in human foetal tissui:s. no svs­
tcm:1t1c study or the development ol these loci has hccn dc­
,crih:d anrJ little is known of the details C1f their exprt·ss1(111 
111 I,r,·r1 1 \Ve nc,w descrihe experiment~ to separate. h 
cim•:ri::tnl,,cusm)!. the pniducts of these different r-enc IP<.:I 
111 l, 1 c·t.1I ,111d nconat;il liver cytos11l and determine th<:ir rc:b-

Cvtmol was prepared fr0m samples 0flivcr ohtained with 
the ;1c:rm1ssi(1t1 <'I' the Fthics Committee of the Simpsc>n 
l\kmcm:d .\1:ltcrnit, P,:, il1on. Roy:ii lnfirmar\'. Edin· 
hur.::!1. t_·. K. Tlin ,, ere L' 1l1tcci ;1t J C [r,):n column•; c0ntain· 
inic Pl1il h1iifrr L'\\.'h:;n,:•:~ '14 t Pl'arm:1-:1:1 Fine Chemicals. 
lfoun,,;iw. \.11ddk~cx. I' K.) pre, 1uu~ly t?quiiihrated with 
start hulfcr t:5m\1-im1dazole buffer. pH 7.3). The pH 
µradicnt \\a, i'nrmed by usmg Polyhuffer 74 adjusted to 
pl 14 iJ with 1 ICI (~ \ll. Fractions were :inalvscd l<>r enzvmc 
actt, It\· and pl I In initial experiments eaci,· peak ofact1vit\' 
was J'(;olcd. Cl1 t1CCnlrJlCd and examined by starch-gel elec­
trophoresis tn determine which gene products were present. 

Chrt1rnatof<1cusing resulted in the separation of the differ· 
cnt (,ST is<,cn7vmes ( Fi!!. I). The GST isoen?Vrnes eluted 
lirst. u~u.ill~· :1s t·wn rcak; of activity. The first peak was not 
rct,1med and wrresponded to the isoenzyme with fast 
cathodal rnohilit~·. the second peak where present (eluted 
~hetween pl 16. 70 and 6.95) to the isoenzyme with slower 
"c:11hodal mohil1tv. The GSTI isoenzvmcs eluted between 
rll (,.:s ;m~i (~ S<l lC}STl ~ phc~?ty~ei~~ ~ct ween pH 5.90 




