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Structural and funcfion~ properties of the sm~l intesfin~ microv~us membrane were ev~uated ~ the 
rabMt Mter administration of ethinyl estradiol, a synthetic es~ogen with a demons~ated p r o p e n ~  to ~ter 
hepatic membrane fi~d f l ~ f f ,  and promo~ cholestasis. In the j~unum, no es~ogen-induced changes ~ 
microvffius membrane to~l ~ choles~rol or phospholi~d content were obse~ed. Howeve~ the Heal 
microvffius membrane in estradiol-~eated animus demons~es  ~gnificant reductions v~ consols (per mg 
protein) ~ total fi~d (0.55 pg vs. ~89 p ~  and phospholip~ (206~pg v~ 304~1 p ~  (p < ~001) con~n~ as 
well as modifications ~ specific phosphofi~d s p e c ~  The ~crease ~ the fle~ microvffius membrane 
cho~steroi: phospholipid m~ar ratio (0.65 v~ ~51, p < ~05) was associated with a ~gnificant decrease in 
membrane fi~d f l ~ f f  reflected by an increase ~ fluorescence aniso~opy measuremen~ u t i l ~ g  ~phen~ 
hexatriene as the fluorophore (r M 25 ° C = ~306 vs. ~28Z p < ~05). Thermo~opic fi~d phase transitions, 
assessed by A~henius ~o~  of both fluorescence da~ and HeM microvillus membrane p-niUophenyU 
phosphatase acfi~ff demonstrate that phase changes occur between and 24 and 28°C ~ both ~eated and 
un~eated groups. With~ the ~mperature range s ~ e d  (40-10°C) no differences from con~oi were 
obse~ed M microvffius membrane ~kal~e phosphatase activi~ following es~ogen ~eatmenU These da~ 
therefo~ ~ c a t e  th~ ethin~ estradioi-induced effec~ on microvffius membrane fi~d compo~fion and 
phy~c~ properties occur predominantly ~ the Heum and appear to be related, ~ part, to specific ~terafions 
in the availabififf of phospholipid following es~ogen ~eatmenL 

In~oducfion 

The r d ~ n s h i p  b~ween ~ s f i n M  microfilhs 
membrane fi~d f l ~  and membrane a~ooa~d  
enzyme ~nctions has b~n  chara~efized utili~ng 
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membrane alkaline phosphatase activity and 
Na +-dependent bi~ a~d ~anspo~ in the terminal 
ileum [1,2], as wen as glucose transport in j~unum 
[1]. Clear differences are recogn~ed between these 
hpid dependenL 'intfins~' functions and hpid in- 
dependent, 'extfin~C functions [3-6~ In the ~ve~ 
adminis~ation of ethinyl es~adiol, a synthetic 
es~ogen has been demonstrated to result in a 
reduction in bi~ flow [7]. Although the molecular 
ba~s of this abnormality ~ unknown and pos~bly 
comple~ sever~ ~udies have implicated in its 
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pathogene~s, an increa~ ~ both the rat hep~o- 
cy~ plasma membrane c h ~ r ~  content and ~ 
the cho~sterol/phosphofipid m~ar ratio; and, 
these changes in themsdves are associated with a 
decrease in membrane fipid f l u i ~  [7-9]. Bi~ 
flow is ~sumed fol~wing administration of Triton 
WR-1339 to the es~ogen-~eated rats, with a re- 
storation towards norm~ of the plasma membrane 
lipid compo~tion and fl~dity [9]. ~milarl~ or~ 
administration of S-adenos~-~m~hionine has 
~so been observed to improve bi~ flow [10] possi- 
b~ owing to an ~crease ~ meth~ation of mem- 
brane phosphatid~ethandamine to phosphyti- 
d~ch~ine [10,11]. These observations tog~h~ 
with the d e m o n s ~ n  of ethin~ ~ a ~ A n -  
d~ced inhibition in (Na%K+~ATPase actififf o~ 
curring ~ the absence of a mo~fication ~ 
hep~ocd~lar protein synthe~s [9], suggest that 
the decrease ~ bile flow is &rectly influenced by 
a~od~ed  membrane fi~d changes. 

In the pr~ent stud~ we have sought to ~v~u~e 
the effects of es~ogen ~e~ment on membrane 
fip~ compo~tion and ~ d  f l ~  of the rabbit 
small ~ i n ~  microfillus membran~ which rep- 
resents the fin~ common p~hway for ~ s t i n ~  
s~u~  absorptio~ We ~so con~d~ pos~ble ~-  
fluences of these ~ s  on membrane intrin~c 
(i.e., hpid-assooa~d) enzymatic processes. 

This paper has been submitted ~ ab~ract form 
and presented in pan at the Meeting of the 
American Gas~oen~r~o~c~ A~odat io~ May 
1984. 

M ~ h ~ s  

Micro~ll~ memb~ne v~ le s .  For all ~ u ~ ,  
m~e New Ze~and white m b ~  7-8 weeks of age 
(Ace Breeder, Boye~own, PA) w~e u~d. A~m~s 
were permitted at least a 7 d~y period cf 
equil~ration ~ our a ~ m ~  faci~y beam s~dy 
and were m~nt~ned on Wayne Rab~t Chow 
(Brookshim Feed~ L a n s d ~  PA). Es~ogem 
treated a~m~s were subcutaneoufly injected with 
~hin~ e~radiol ~ v e d  ~ prop~ene ~yc~  at a 
dose of 5 mg per kg per day for 5 days. C o n ~  
rabbis were injec~d with the same v~ume of the 
prop~ene ~ y c d  vehid~ R a b ~  were housed in 
wire bmmm cages to prevent sold c o p r o p h a ~  
and fas~d overnight (except ~ r  water ad ~b). 

Although animus were not p ~ v ~ &  no woght 
differences b~ween ffea~d and con~ol groups 
were no~d at the time of the stud~ All animus 
were kil~d by in~acardiac pentobarbit~ injection 
at 9:00 a.m. The small in~stine was then re- 
moved from the figament of Tro~  to the fleocecal 
v~ve, and divided into three equ~ length seg- 
ment~ with the pro~m~ two thirds de~gnated as 
j~unum and the dist~ third as ileum. M~rovillus 
membranes were ~olated as described in ReL 12 
u~ng a modification of the m~hod of Kes~er et 
~. [13], where following homogenization of 
mucos~ scrapings, the homogena~s were ~ea~d 
with 10 mM magne~um chloride as described by 
Hauser ~ ~. [1~ and the microvillus membrane 
~action was obt~ned by differenti~ centrifuga- 
fion. 

Proton and enzyme assays. Tot~ protein of 
in~stin~ homogenate and micro~llus membrane 
~actions was determined by the m~hod of Lowry 
et ~. [15], with bo¼ne serum ~bumin as the 
protein ~andar& Disaccharidase assays were p~r- 
formed at 37°C in 250 ~1 volume cont~ning 0.05 
M sodium phosphat~ 0.002% Triton X-100 buffer 
at pH 5.8, with 0.0375 M sucrose as substrate. The 
amount of ~ucose rdeased was de~rmined by 
incubation for 20 min at 37°C with 250 ~1 Gluco- 
star reagent (Worthington Biochemical Corp., 
Freehold, N~ prepared in 0.5 M Tris at pH 7.0. 
Termination of lactase and sucrase activity was 
effected by the added Tris. 

Membran~bound alka~ne phosphatase was as- 
sayed utihfing 5 mM p-ni~ophen~ phosphate 
(Sigma) as substrate [16]. Incubations were carried 
out at pH 9.5 in ~y~ne buffer (0.034 M) with 
added ZnCI~ (0.34 mM) and MgCI~ (0.34 mM); 
and, the reaction was stopped after 10 min by 
addition of 1.0 M NaOH. 

L~id ana~sis. Lipids were extracted ~om 
j~un~  and ~e~ micro~llus membranes im- 
mediatdy following isolation by the m~hod of 
Folch et ~. [17]. Recovery was d~ermined by 
co-extraction of ~acer quantities of [3H]cholesterol 
and [~aC]phosphatidyl~han~amine added to mi- 
crovillus membrane verde suspen~on~ wilh re- 
sults (> 90% recovery in all ex~a~ion~ expressed 
as tot~ coun~ recovered/tot~ counts added. 
Measuremen~ of tct~ microvillus membrane ~pid 
were made by gravim~ric an~y~s (Cahn Elec~o- 



bManc~ Cahn In~., Paramount, CA) of tripfic~e 
samples ~om N:-dfie& Fdch-extra~ed m~eriM. 

M~rofi~us membrane cholesterol was quanti- 
fied by g a ~ q u ~  chrom~ography ufih~ng a 
Varian modal 1400 Ga~Liq~d Chrom~ograph 
(Vafian Corp., PMo Alto, CA) eq~pped with a 
flame ~ z ~ n  d~ecto~ Trip~c~e sampl~ w~e 
i~e~ed onlo a 6 ~. (2 mm in~rn~ ~am~eO 
Gas-Chrom Q c~umn packed with 3% OV-17 on 
100/120 mesh Supdcopo~ (Supdco, Inc., Be- 
llefonte, PA) wilh injecto~ d~ector and c~umn 
~mper~ur~  at 305, 315, 295°C, ~spe~Ndy. T~s 
m~hod em~oys an internfl standard-area tech- 
nique ufing stigmasterol as the intern~ standard. 
Areas under the curve were compu~d ufing a 
Spec~a Phyfics Computing Integrator ( S p e c ~  
Phyfic~ Lanham, MD). Ch~es~r~ es~r con~nt 
was determined according to the m~hod of Brown 
et ~. [18]. 

M~rofiHus membrane phospholipid content 
was determined by the m~hod of Vaskovsky [19], 
which measures inorga~c phospha~. In&fidu~ 
phosphofipid speoes were measu~d fo~owing 
separation in one dimenfion by thindayer chro- 
m~ograph~ ufing a modification of the m~hod 
of Touch,one et ~. [20]. F~ch-ex~ac~d fi~d was 
applied to ~fica gd G plat~ (An~tech, Inc., 
NewarL DE) fol~wing heat activation at 120°C 
for 0.5 ~ and devdoped in a s~vent cont~ning 
chl0roform/ethan~/tr i~hylamine/water  (30: 
34 : 30 : 5, v / ~ .  Following drying at room ~mpev 
atur~ pl ies  were devdoped a second time in the 
same s~vent, dried and sprayed with phospha~ 
reagent as described by Vaskovsky [1~. I n ~ d u ~  
spo~ were scraped and duted in four washes of 
chioroform/m~han~/7 M ammo~um hydrofide 
(13 : 7 : 1, v/v). Recoveries of phosphofipid ~an- 
dards (phosphatidylcholine; phosphafidy- 
lethan~amine; sphingomydin; phosphafidyfinofi- 
tol; phosphatid~serine; ~sophosphatid~cholin~ 
were ~ 95% when ev~u~ed by migration of both 
indifidufl spedes and p h o s p h ~  mixtures, and 
no co-migration ef phospholipid ~Fed~ was ap- 
paren~ 

Fluorescence po~zat ion ~udies. Fluor~cence 
pdarization measurements were performed on a 
Per~n-Elmer 650-10S Fluorescence Spectropho- 
tom~er (Per~n-Elmer Corp., Norw~L CT) fit~d 
with an automatic p~afizer (C.N. Wood M~., 
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Newtow~ PA). In all experiment, lhe l~id-s~u- 
ble fluorescence probe 1,6-diphenyl-l,3~-hex~ 
tfiene (DPH) was used as prefiously described 
[12]. A 2.0 mM stock s~ution of 1 , ~ p h e n ~  
1,3,5-hex~riene in ~ahydrofu ran  was prepared 
and stored protected ~om ~ght at -20°C.  Im- 
med~tely prior to use, an aqueous suspenfion of 
the probe was prepared by diluting the 1,6-~- 
phenyl-l,3~-hex~riene stock solution in 2000 voW. 
cf 0.02 M phosph~buffered saline, pH 7.4, ~nd 
sti~ed figorous~ for 2-3 h at 25°C until no odor 
of ~ahydrofu ran  c o r d  be detected. The re- 
sdtant d~perfion of 1.0 #M l~-diphenyl-l,3,5- 
hexatriene was dear and dev~d of fluorescence. 
M~rofil~s membran~ ~om j~unfl  or fle~ epi- 
thelium (either ~ h l y  prepared or stored at 
- 2 0 ° C  for up to 2 weeks post-~at ion)  e q ~  
~ent to 100-200 #g of proton were incubated in 
3 ml of 1,6-diphenyl-l~,5-hex~riene suspenfion 
~ 37°C for 1 h. Fluorescence emission in~nfifies 
~xotation wavdength 360 nm, emission wave- 
length 430 nm) were ~quentially ~corded paralld 
and perpendic~ar to the ex~tation plane, during 
w~ch time the ~ m p ~ u ~  in the th~mo~gu- 
~ted sample chamber was reduced gradu~ly ~om 
40 to 10°C at a rate of 0.5 Cdeg/mim Fluor~- 
cence p C a r i z ~ n  was expr~sed as the fluores- 
cence a~so~opy r, determined ~om the equation 
r = (~1- I ± ) / ( ~  + 21±), whe~ ~1 and I± equ~ 
fluorescence intens~ies par~ld and p e r p e n d ~ a L  
respective~, Io lhe exalting plane. The a~sotropy 
parame~r ~ / r ) - 1 ]  -~ was c~c~a~d  by em- 
plo~ng a v~ue of ~ = 0.362 for 1 , ~ p h e n ~ -  
1,3~-hex~riene [21]. Accor&ng to the Perrin 
equatio~ a form of w~ch can be written: ~ / r  = 1 
+ 3~/p, w~e~ • = e x ~ d  ~ e  ~ t i m e  ~nd p = 
ro~tion~ rdaxation time of the prob~ these v~- 
ues vary ~rectly with p under conditions of con- 
stant z, and are therefore confidered to be in- 
v e e r y  rda~d to fipid f l ~  [22]. In these ex- 
periment~ z was assessed by measu~ment of 
fluorescence intenfity F = ~1 + 21±. T~s v~ue ~d  
not ~ f ~ r  fig~ficant~ among membrane prepar~ 
fions. The contribution of fight ~ r i n g  (fluores- 
cence in~nf i~ of membrane suspenfion minus 
probO ~us fluorescence of the incubating buffer 
were routindy examined and corrections were < 
5% of the tot~ fluorescence in~nf i~ F. In order 
to detect th~mo~op~ tranfifions (b~akp~nts), 
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A~henius p lo~  of r vs. ( l / K ) ×  103 were con- 
structed. Accuracy of Uan~tions were tested by 
measuring the thermotrop~ phase trans~ion of 
multilamellar fiposomes of ~myr is to~phosphat i -  
d~chofine u~ng l~-&phen~-l ,3 ,5-hexatr iene flu- 
orescence anisotrop~ with ~an~t ion  ~ m p ~ a m ~ s  
(upper fimit of m ~ o r  uan~t ion  at 25°C) d o s d y  
appro~mat ing  v~ues  p r e ~ o u s ~  reposed  [23]. 

The term ' f i ~ d  f l~&ty '  is used to described the 
mot ion~  freedom of fipid m ~ e c d ~  or m ~ e c d a r  
p r o b ~  ~ . ~  l~-diphenyl-l ,3,5-hexatriene) wi t~n  
a membrane bilayer. Since determination of ~b- 
s ~ u ~  f l~&ty  is fimited in an an i souop~  me&um 
(as opposed to a homogeneous ~ o ~ o p ~  sys~m) 
because of the ~abi l i ty  to accuratdy reproduce 
the t h ~ d i m e n ~ o n ~  structure of the h y d r ~  
phobic bilayeL the s ~ a d ~ s t ~ e  fluorescence 
polarization measu~ment  r, is employed to esti- 
mate rdative degrees of f l ~  (the a ~ s o ~ o p ~  
behafior  of the membrane p r o b ~  fol~wing probe 
~corporat ion into the bilayer. As ~ u ~ e d  by 
Van B f i t ~ w O k  et ~.  r in call membranes or 
f iposom~ can be ~ s d v e d  ~ t o  a static and dy- 
namic component [2~. The static component, or 
fimiting ~ndered  anisotropy r~, is r d a ~ d  to the 
~ ruc tu r~  o~dff of the membrane and ~flects  the 
degree of ~ndrance  to probe rotation by mdecu-  
h r  p a c i n g  of b rayer  h~ds.  The dynami~ or 
~nef ic  factor ~, is r d ~ e d  to the romt ion~ rdaxa-  
t ~ n  time of the prob~ In ~ f i v e ~  ordered phases 
(i.e. r > 0.~,  such as e~sts  in most ~ d o ~ c ~  
membranes, the contribution of ~ is sm~l,  and r~ 
a p p r o ~ m a ~ s  r. In these ~ u d i ~  v~ues for r~ 
were ~ t i m ~ e d  k o m  the fluorescence a ~ s o g o p y  
as p ~ o u ~ y  described [2~. 

L~osomes. Liposomes were prepared from ex- 
~acted, dried membrane fipid following suspen- 
fion of fipid in phosphat~buffered saline cont~n-  
ing the fluorescence probe as described above, to a 
t i n t  concentration of 0.3 mg hpid /ml .  The fipid 
suspenfion was then sonicated for 10 min at 4°C 
under Nz; and, fiposomes were then used for 
fluorescence polarization ~udies. 

Statistics. For comparison of all variab~s 
~udied between treated and con~ol group~ Stu- 
denfs  ~test for unp~red  samples was employed. 

R e s ~  

Micro~llus membrane vesicle i3o~tion 
J ~ u n ~  and fle~ mic ro~ l~s  membrane verities 

were ~ e d  at l ~ f C d  purification based on 
sucrase spedfic act i f i~.  No fignificant &fferenc~ 
in ~covery  or in the rdative purification were 
noted b~ween group~ Cri~f ia  for an~yfis  in 
subsequent ~ u ~ e s  was a purification of at ~ast  
l ~ f o ~ .  Representative preparations were ex- 
a m ~ e d  and were found to be free of contamina- 
tion, judged by the absence of both (Na + + K + k  
ATPa~ ,  a b a s ~ a ~ r ~  membrane enzym~ and 
s u c o n ~ e  dehydrogenase act i f i t i~  [25,26]. Elec- 
tron microscop~ ~ews of mi~o~l lus  membrane 
verities confirmed the absence of c o - i s l a n d  cellu- 
lar dements.  

Effec~ of ~hinyl ~ t r a ~ d  on ~ t ~ n d  micromllus 
membrane lipM composition 

The p r i n ~ p ~  changes ~ ~ s t i n ~  mi~ov i l~s  
membrane f i~d compofit ion ~ s d t i n g  ~ o m  e t ~ n ~  
~ a ~  ~ e ~ m e n t  are presented ~ T a b ~  I. T o t ~  

TABLE I 

EFFECTS OF ETHINYL ESTRADIOL (EE) ON SMALL INTESTINAL MVM LIPID COMPO~TION 

Resd~ are preened ~ means ± ~ of ~ r ~  d ~ m ~ a t i o ~  on e~h of ~ur preparations. 

J~unum I~um 

Cornel EE-t~Med Comrd EE-t~ed 

TotM fi~d (~g/mg Worm 
C h ~ r ~  (~g/mg p r ~  
P h ~ # ~ d  (~g/mg ~ o ~  
Cholesterol : phosph~pid (m~ : mol) 

~57 ± 0~5 0~3 ± 0~3 ~89 ± ~03 ~55 ± 0~2 a 
87.3 ±5.6 90.0 ±8.1 65.3 ±3.2 74.9 ±4.9 

227.3 ±13.2 213.5 ±6.5 30~9 ±21A 206.7 ±7~7 a 
~73 ± ~05 ~61 ± 0~7 0.51 ± 0~1 0~5 ± ~02 b 

" p < & ~ l  ~ m p ~  m ~ m m k  

~ p < 0~5 c o m p ~  m conu~. 



~ II 

EFFECTS OF ~ H ~ Y L  ~ T R A ~  (E~ ON MVM PHOSPHOHHD C O M P O ~ O N  ~ TOTAL P H O ~ H O H H ~  

R ~  ~e preened as means± ~ ~ ~ ~ ~  ~ each of ~ur p~p~afion~ 
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J~unum l~um 

Comr~ E ~ o ~ d  C o n ~  EE-~e~ed 

L~ophosphafid~choline Z36 ± 1~4 2.95 ± 0.39 1.60 ± 1.10 &59 ± 1A9 
Sp~ngomyefin 1Z65 ± &64 13~7 ± 1.30 15~2 ± 1.48 15~1 ± Z14 
Ph~phatid~chofine 2~85 ± Z95 21.82 ± ~74 2Z66 ± 1.69 ~.04 ± 127 
P h o s p h a t ~ f i n e  1&10 ± 3~7 23~6 ± 5.38 16~5 ± ~48 2~18 ± ~84 ~ 
P h ~ p h ~ o ~ t ~  7A6 ± 122 8~4 ± ~49 ~73 ± ~16 ~22 ± ~29 b 
Ph~phatid~e~andamine 3~12 ± ~93 2~79 ± 7~5 33~8 ± 1.00 2Z73 ± Z33 b 

a p < ~001 comp~ed to conUM. 
b p < if002 comp~ed ~ corerS. 

f ipid conlenL cholesterol  and  phosphof ip id  con- 
cen t ra t ions  and the r d a t i v e  ra t ios  are ~mi l a r  in 
the j ~ u n u m  cf  e s ~ o g e n - ~ e a t e d  animals  and  in lhe 
c o n s o l s .  In  all membranes  studied,  cholesterol  
ester  conten t  was n e ~ i g i b l ~  In the i leum, how- 
eve~ a highly ~gni f ican t  decrease  in total  fipid 
con ten t  occurs,  l a r g d y  due to a decrease  in phos-  
pho l ip id  concentra t ion .  This  is ~ a n f l a t e d  as a 
~gni f ican t  change  or  increase in the cholesterol :  
phosphof ip id  rat io.  In  o rder  to de te rmine  ff this is 
the  result  of  a reduc t ion  in a specific phosphol i -  
pid,  analyses  to p rov ide  quant i f ica t ion  of  individ-  
ual  phosphof ip id  s p e d e s  were pe r fo rmed  for bo th  
the  j ~ u n u m  and ileum. These d a t ~  Table  II ,  
d e m o n ~ r a t e  that  the overal l  reduc t ion  of  phos-  
phof ip id  in es t rogen- t rea ted  rats  ~ due p f i n o p a l l y  
to a decrease in i leal  phosphopha t idy l  e thanola-  
mine  content  with a p r o p o r t i o n a ~  increase in 
phospha t i dy l s e f i ne .  These  e s ~ o g e n  m e d i a t e d  
changes  in ileal phosphof ip id  content  result  in a 
~gni f ican t  difference in the phospha t idy lcho l ine :  
phospha t i dy l e thano l amine  ~afio be tween c o n ~ o l  
(0.67 ± 0.06) and e s ~ a d i o l - ~ e a t e d  (1.02 ± 0.22) 
an imals  ( p  < 0~5L 

Effec~ on m~ro~llus membrane lipM fluidi~ 
E ~ i m ~ e s  of  fipid f l ~  in m e m b r a n e  p ~ -  

pa ra t ions  ~ e d  ~ o m  j ~ u n u m  and i leum were 
assessed by  s ~ a d y - ~ e  f luorescence an i so t ropy  
of  1 ,~d ipheny l - l , 3 ,5  hexatf iene as the f i p ~  s ~ u -  
ble  f l u o r o p h o ~ .  

These ~ u ~ e s ,  inc luding  c ~ c u ~ t i o n s  cf  r,  r~, 
and  ~ / r ) -  1] -~, are summar ized  ~ Table  III ,  

and  the da t a  indicate  that  the changes in fipid 
c o n ~ n t  and  phosphof ip id  d ~ t f i b u t i o n  are re- 
f lected by  a decrease in m e m b r a n e  f ipid f luidi ty  
0.e. increased a n i so~opy )  and that  this is conf ined  
p f i n d p ~ l y  to the i leum. J o u n ~  v ~ u e s  for 
e s ~ a d i o l - ~ e a t e d  and  c o n ~ o l  were unchanged.  
A ~ h e n i u s  plots  of  t empera tu re  dependen t  f luidi ty  
m e a s u r e m e n ~  b ~ w e e n  40 and 10°C  were then 
cons t ruc ted  in o rder  to examine  the m e m b r a n e  
fipid t h e r m o t r o p ~  t rans i t ions  0.e. f iquid-crystal  ~o 
g d )  for bo th  j ~ u n u m  and ileum. In bo th  j o u n ~  
(not  shown) and i l e~  (Fi& 1) membranes  d e a r  
the rmot rop ic  t ranf i t ions  or  b reak  p ~ n ~  are 
observed to occur  in the range of  2 5 - 2 6 ° C  in bo th  
the con~o l  and  e s ~ o g e n - ~ e a ~ d  g roup~  

TABLE III 

FLUORESCENCE PARAMETERS (DIPHENYLHEXA- 
TRIEN~ AT ~ o C  IN JEJUNAL AND ILEAL MICROVIL- 
LUS MEMBRANES OF CONTROL AND ETHINYL 
ESTRADIOL-TREATED (ESTROGEN) RABBITS 

V ~ s  are m ~  ± ~ for f i~ p ~  ~ membm~ ~ 
fions. 

Mem~a~ r ~ f f ~ / r ) - i )  -~ 

J~unum: 
contr~ &279 ± 0~10 ~266 ± ~010 3~7 ± &50 
e~rogen &284 ± &010 &274 ± ~010 3.85 ± ~80 

Heum: 
c o n ~  &282 ± &005 &275 ± ~006 3~1 ± ~34 
~trogen &306±&006 a &299±~007 a 6~9±1~3 a 

a p < O ~  ~ m ~  ~ ~ m ~ L  
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F i g  1. Representa t ive  A r r h e ~ u s  p lo t  of f iposomes p repared  

~ o m  i ~  microvi l lus  m e m b r a n e  fipid of ~ h i n ~  e s ~ a d i o b  

~ e a t e d  r a b N ~ .  

Effec~ of ethinyl estradiol on the fluorescence an# 
sotropy of small intestinal m~rovillus membrane 
liposomes 

Studies of ~eal membrane fiposome fluidity are 
summarized in Table IV. These experiments indi- 
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F i ~  2. Representa t ive  Arrhen ius  p lo ts  of D P H  fluorescence 
anisotropy,  r, of f iposomes prepared  from microvi l lus  mem-  
b rane  ~pid of e th inyl  e s ~ a d i o b ~ e a t e d  rabbits .  

T A B L E  IV 

F L U O R E S C E N C E  P A R A M E T E R S  ( D I P H E N Y L H E X A -  
T R I E N ~  A T  2 5 ° C  IN I L E A L  M I C R O V I L L U S  M E M -  

B R A N E  ~ P O S O M E S  O F  C O N T R O L  A N D  E T H I N Y L  

E S T R A D I O ~ T R E A T E D  RABBITS  

V ~ u e s  are m e a n s ± ~ E .  ~ r  two d ~ m m ~ n s  on each of 

~ r e e  Eposome ~ e p a r a t i o n ~  

T r e ~ m e n t  r r~ ~ / r ) -  1) -~ 

C o n ~ o l  ~ 2 3 2  ± ~011 ~ 2 0 9  ± ~ 0 1 4  1.80 ± ~ 2 4  

E s ~ o g e n  0 2 5 4 ± 0 . 0 0 3  ~ ~241  ± ~ 0 0 5  ~ Z 3 4 ± ~ 1 0  ~ 

~ p < 0.05 compared  to c o n t r . .  

cate a ~gnificant increase in the stead~state (r) 
and Emifing hindered (r~) a~sotropies as well as 
~ ~e  a~sotropy param~er ~ / r ) - l ]  -] in 
ethin~ ~ a ~ - ~ e ~ e d  animus. J~un~ Eposome 
f l~d i~  ~ d  not change fol~wing es~ogen admin- 
istration (d~a not shown). A~he~us an~y~s of 
He~ Eposome aniso~opy (r) sugges~ a thermo- 
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Fig. 3. Arrhenius  plot  of ileal M V M  p-n i t ropheny lphospha tase  
act~vmes " " " control  and  ethinyl  es t radiol - t rea ted rabbi t s  (n  = 4, 
S.E. not  shown where error  smaller  than  symbolL 



~o~c  ~an~fion of 25-26°C ~ r  b~h coned  ~o t  
show~ and uea~d goups (Fi~ ~.  

Effec~ on ileal membrane p-nitrophenylphosphatase 
a c t i ~  

In order to ev~u~e p o s ~ e  ~ s  of ~hin~ 
~ a d ~ b m e ~ e d  fi~d compo~tion and f l~&~ 
changes on membrane ~nction, p-~Uophen~- 
p h o s p h ~ e  actififf w~  measured. P~¼oufl~ 
membran~bound acfi~ff ~ s  a~oda~d  wi~ this 
enzyme have been shown to m a ~  characteri~ 
tics of ~trin~c (i.~ membrane h~d  dependenO 
membrane p r ~ n s  [1]. Over the range of ~mp~-  
~ u ~  ev~u~ed O0-10°C), l e ~  ~kaline pho~ 
pham~ ~edf ic  acti~ff is apparently u n ~ r e d  by 
estrogen ~eatment (Fig. 3). The Arrhe~us ~ots of 
enzyme actififi~ ~&c~e  a ~ m ~ r o ~ c  ~an~- 
tion occurring b~ween 24 and 28°C ~ both 
group~ confirming the data derived from fluore~ 
cence p ~ a r i z ~ n  experiments. 

D ~ o ~  

The d~a  p r e e n e d  here indic~e th~ ~e~ment 
with ~hin~ ~ a d i d  m s ~  in changes which are 
not confined s d d y  to the fiver but influence the 
small inmstinM mi~o~llus membrane fipid com- 
pofition and Rs phyfic~ p r o p e ~ s  as well. These 
are mani~smd specifically by a reduction in l e ~  
membrane tot~ fipid coning  a reduced pho> 
phofipid con ing  with an ~mred ~stribution of 
phosphofipid specie~ and an increased chr i sm> 
d:phosphofip~ mdar  ratio. These factors com- 
bined are a~odated with changes in membrane 
lipid flui~ty as determined by l~-diphenyl-l,3,5- 
hexatriene aniso~op~ 

Stud,s of ethin~ m ~ a ~ d  adminis~ation ~ 
rats d e m o n s ~ e  that fimihr hormone medi~ed 
effects to those noted here occur ~ the ~ver. 
Spedfically, ~ o g e n  ~e~ment ~ s d ~  in d~ 
¢rea~d hep~oc~e membrane lipid f l ~ ,  and is 
accompanied by an increase in the chdesm~ 
ol:phospholi~d mdar  ratio [7]. ~nce these 
changes have been d e m o n s ~ e d  to occur in the 
absence of changes ~ celldar protein synthesis 
[9], ~ o g e n  ef~cts appear to be exerted primarily 
through modific~ions in fi~d production(~. It 
has been suggested that es~a~M ~eMment r e s ~  
in increases ~ membrane ch~es~r~ e~erifica- 
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fion; and, subsequent ~ r a f i o n s  in membrane 
fipid-dependent (Na + + K+)-ATPase actifity con- 
tribute to inhibition of bile flow [9]. Recent stud- 
~s have demons~ated amefioration of the es~adiol 
choles ta~ following a starve refeed re ,men [27]. 
This dietary induced phenomenon occu~ pre- 
sumably ¼a changes in phospholipid desaturase 
activities [28] affecting membrane fipid fluidity 
and bile flow rates. The data presen~d here dem- 
onstrate no fl~rafions in membrane cholesterol or 
increases in the ne~i~b~ choles~rol ester con- 
~nt; but rather, fipid an~ysis ~nd~a~s that the 
estradiol-induced decrease in lef t  membrane 
fluidity is a function primarily of changes in phos- 
pholipid content and di~fibufiom In this regard, 
the fignificant increase in the phosphatid~- 
choline :phosphatidylethanolamine ratio in estro- 
gen-~eated rabbi~ sugge~s an influence on pho~ 
pholipid m~hylation ra~s [2~. Addifion~ investi- 
gation wi~ be required to ful~ assess the nature of 
~ r e d  phosphCipid synthesis and/or turnover in 
this experiment~ modal. Localization of d~ 
creased phosphofipid content to the ileum, to- 
gether with the known reduction in bi~ flow which 
accompanies ~hin~ es~adiol administration sug- 
ges~ that the observed micro~llus membrane 
phospholipid changes are a consequence of de- 
creased av~labifity of biliary phosphofipid, which 
under normfl drcumstances participates in an en- 
terohepafic ~rculation [3~. 

Of in~re~ in these ~udies is the apparent 
increase in j~unfl  chCes~rol: phospholipid ratio 
when compared to l e ~  membranes in con~ol 
a n i m ~  We have pre~oufly reposed a profim~ 
to dist~ increase in this v~ue in rabbit in~sfine 
[12]. Here, differences could be rda~d to effects 
of e~rogen in the mid-intestin~ not pre~oufly 
examined in our prior study. Alternative~, actions 
of the propylene ~yc~  vehid~ or further intra- 
~pe~es variabifity, must be considered. 

Conforming lo lhe Singer-N~olson modal for 
biolo~c~ membranes, lhe molecu~r ~ructure of 
microvillus membrane fipid ~ comprised of a 
phosphofipid bilayer and ~ee choles~rol [31]. 
Accordingl~ this fipid en~ronment influences the 
functioning of sever~ enzymatic and transport 
protons. These 'intrinfiC protons possess acti¼ty 
rites embedded within the bilayer which are there- 
fore uniqudy senfitive to fipid ~ru~ur~ prope~ 
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ties [12~. Almrations in the fl~d state of mem- 
brane ~ d s  may ef~ct changes in proton confo~ 
marion as a function of the physicM sta~ of 
boundary ~pids and re~ricrion of both ~ d s  and 
protein m~ec~ar motion [32,33]. Accor&n~y, the 
ethin~ ~ga&~Anduced decrease ~ hepatocy~ 
surface membrane f l ~  ~ a~oo~ed  with a 
reduction in (Na++ K+)-ATPa~ acti~ty [7,9]. 
Fu~hermore, norm~ enzyme acti¼ty can be 
restored ~Howing reve~M of the f l~&~ chang~ 
(assoda~d wilh a ~duction in membrane ch~es- 
~r~)  by admi~stration of the n o n - ~ c  detergent 
Triton WR-1339 ~ .  Studi~ of hepatocyte bi~ 
secretory failure ~ estrogen-treated a ~ m ~  and 
its rever~bi~ty fol~wing ~ther Triton-medi~ed 
membrane fl~dizat~n [~, admin~uation of 
m~h~-donafing agen~ [1~ or ~e~ry  modulation 
[27], fu~her sugg~t th~ ~pid compo~rion~ 
chang~ and ~ r a t i o n s  in membrane phy~c~ 
properties ~fluence intfin~c membrane functiom 

We have p~fiou~y reposed on the rdation- 
ship between micro~llus membrane s~ucture and 
~anspo~ function in a con~deration of the post- 
nat~ devdopment of sodium-dependent bile add 
transpo~ in the rabbit ileum [12]. In the present 
stud~ es~ogen-induced changes in fle~ microvil- 
~s membrane fipids appear to be una~oo~ed 
with ~g~ficant d ~ s  on membrane p-~Uophen- 
~phosphamse a c t i ~ .  The appa~nt membrane 
hpid phase uan~tion a s s ~ d  by A~he~us plots 
of the fluorescence a~sotropy r occurs around 
25-26°C in both group~ despi~ the observed 
f l ~  and ~pid compo~rion~ ~f~rence~ Fu~ 
ther ~u&es (e.~ diff~enti~ scanning calorimetry 
[22~ will be ~ q ~ d  to fully address this phenom- 
enon. Addifion~l~ A~he~us beha~or of micro- 
villus membrane p-~ophen~phosph~ase  activ- 
ity ind~a~s a break p~nt ~hange in ~ope of 
spedfic actifity) in the range of 24-28°C in both 
c o n ~  and treated group~ Although the nature 
and significance of such a ~an~tion in ~ope is not 
dear at present, prior efidence i n ~ c ~  th~ p ~  
of '~trin~C membrane enzyme and ~anspo~ 
functions m a ~  ~mi~r b~ak p~n~  around lhe 
observed lhermot~opic ~an~tion ~mperature 
[1,4,22]. The apparent lack of f u n ~ n ~  change in 
~pid-assooa~d enzyme actifity, despite ~gnifi- 
cant ~pid modification~ has been reposed to be a 
consequence of ~ f ~ n f i ~  effec~ on membrane 

bu~ vs. anndar lipid [~. 
These ~vestigations therefo~ demonsg~e that 

es~ogen ~e~ment ~ s ~  in ~gnificant chang~ in 
fle~ but not j~un~ membrane ~ d  compo~tion 
and f l ~ .  Fu~hermo~, the ~gnificant in~eas~ 
in fle~ membrane ~pcsome aniso~opy v~ues (de- 
creased f l ~ t y )  in ~ o g e n - ~ e ~ e d  animMs dem- 
onstrate that the ob~rved ~ s  are m e ~ e &  at 
~ast in pa~, by ~ r e d  membrane ~pid composi- 
tion. Although not specifically ~u~ed her~ the 
marked ~f~rences between membrane and hpo- 
some a~o~opies  probab~ a f ~  hindrance m 
fluorescence probe motion by membrane proteins 
[35]. Within lhe mag~tude cf observed ~pid eb 
~ct~ no apparent es~ogenAnduced ~ r a r i o n s  ~ 
membrane ~ d - a s s o d a ~ d  ~kaline phosph~ase 
a c t i ~  is no~d. Inv~t~ation of other spedfic 
i ~  functions (e.g. b~e add ~ansport) will be 
r e q ~ d  to ful~ assess estradioginduced effects 
on membrane function. Nev~thde~, the pro- 
found changes in phospholipid composition in the 
~eum ob~rved here may represent a modal for the 
study of ~pid m~abolic changes ~ ch~esmtic 
states. 
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