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Tile effect of aging (~n ihc i~ltestim~:l transp~l:". ~t' thiamin wa,~ .~ludied using small int~:sthml nficrovillou.~ vesicles prepared from 
groups of rats aged !, 2, (~, :2 and 2.4 months, respectively. The vesicles (enrichment 14.6-17.8-lbld) were incubated with 0.125 to 
12.5 ~M tritiated thimnin al~d the radioactivity taken up was measured radiomctricaiiy after rapid filtration. The time course and 
cumuh|tivc uptake curves tC thiamit~ and lhe inhibiting potency of Jac thiamin structural analogs pydlhiamin, amprolit~m and 
oxythiamin on the salurabh: component of thiamin l~'aqspoi'i were determined. The vesicle diameter was measured by asiog a 
computerized morphomclric procedure, and fimnd to be decreased in aged rats. The K m and Jm,,x wdues of the saturable 
component of transport increased wilh increasing age, the difference wtth younger groups being statistically significant at 24 and 
12 months. The inhibitory potencies of pyrithiami~ and amprolium gradually decreased with increasing age, while oxythiamin was 
dewfid of siglfificant inhibitory activity. Passive permeability coefficients decreased with increasing age, reaching their Iow,'st 
value at 24 months. These results show that aging is associatcd wilh intrinsic alterations of the cntcrocytic plasma membrane 
resulting in a decrcar,:c of the affinily fl)r thiamin, associate0 with a faster rate of the saturable component of thiamin transport, 
and with a sigrfificanl depre~sion of the non-saturable component 

Introduction 

Aging is associated with several functional and mor- 
phological changes in the gastrointe:ainal tract [1]. 
These include modification,~ in. !he in!e~tina! absorp- 
tion of diffcreni substrates, and alterations in the com- 
position and fluidity of the brush border membranes 
[2], which can influence their function. The intestinal 
absorption of thiamin also appears to be modified ~y 
aging, but the results reported in the literature are 
controversial. Some authors de,:cribed a reduction in 
thiamin absorption i,1 man [3,4] and rat [5,6], while 
others did not find any modification [7,8]. These stud- 
ie~ were performed in rive in !he imact rat, a situation 
which does not ailo,v to exclude the effect of metabolic 
and circv~itory changes induced by age. !_n_ addition, 
the doses of thiamin used in the experiments men- 
tioned above wcie lather high (> 2 ~M), within a 
range in which thiamin intestinal transport is predomi- 
nantly a diffusion process [9,10]. 

Corresptmdence: G. Rindi, ln:ititule of !!Urrlan Physiology, Univer- 
sity of Pa,,ia. Via Forlanini 6. 27100 Pavia, Italy. 

The aira of tile present investigation was to asse~,s 
whether aging can modifiy the intestinal absorption of 
.:hiamin by inducing intrinsic alterations of the cntero- 
cytic plasraa membrane. Experiments were carried out 
m vitro by using brush border membrane vesicles of rat 
small intesiine, a well known preparatio~i which is 
capable of transporting efficiently substances in the 
absence of metabolic and circulatory, influences. ~ e  
have previously round that: thiamin transport in this 
preparation i:¢ a membrane process accounted for by a 
dual mechanism, which is saturable at th~iamin concen- 
trations lower than approx. 2 IzM, and non-saturable 
at higher concem:ations [9,10]. 

Rats of different ages ranging from i to 24 months 
were used to evaluate: (I) the diameter of the microvii- 
lous vesicles, as an index of the physical characteristics 
of the brush border membrane; (2) the time course and 
the rate of thiamin transport in the vesicles; (3) the 
apparent kinetic constants K m and Jm,,x of the sal- 
urable transport con:ponent and the inhibitory p.olency 
of the structural analogs pyrithiamin, amprolium and 
oxythiamin; (4) the apparent passive per:~eability coef- 
ficients (K d) of the non-saturable compor~ent. 
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A preliminary report of some data has i~ecn pub- 
lished (Gastaldi ctal. [ 1 ! ]). 

Materials and Methods 

AnimaL~" 
Maic albino rats of the Wistar strain, reared on the 

standard complete diet of Randoin and Causerct [12], 
which contained 12 /.tg/g of thiamin, wcrc t!scd. The 
animals v,c,..' ",~ divided int{~ five age ~r{,~ }ups," which were 
classified as: vet3' young (1 months of age. weighing 
80.6 ± 2.8 g); young (2 months of age, weighing 244.8 +_ 
7.6 g); adult (6 months of age. weighing 46(~.11 :t: i i.2 g); 
mature (I 2 months of age, weighing 557.() ± 8.2 g), ohl 
(24 months of age, weighing 525.1) ~ 10.9 g). This classi- 
fication resembles that prop(~scd b!~ l'~sposito el al. [13]. 

lYelmr, tion of t',,sich,s 
The animals wcrc killed by tict~tpitati~m after about 

12 h fasting with water ad lib{turn The ~mall intestinal 
microvillou,~ vesicles wcrc pi'epar,:d at ()-4°C by using 
the Ca'~'-prccipitati,m tnethod ef Kessler ' t  al. [14] 
with minor modifications. The rurity of =r~i:rovillous 
membranes was estimated by as.,,essing the degree of 
enrichment of individual preparations expressed as the 
increment in saccharasc activity [15] of the final prepa- 
ration ~ith respect to the initM r~ucosai hom~}gcnatc. 
Protein content wits determined according to I.own'y el 
al. [16]. using bovine serum albumin as standard. Spec- 
trophotomctric meast~remcnts wert' carried out by us- 
ing a Beckman DU5 spcctrophotometer (Irvine, ('A. 
USA). 

Uptake dctermi~,atitm 
In the experiments designed u~ .evaluate the time 

course of thiamin uptake, the vesicles were incubated 
at 25°C with 0.25 /tM [aHlthiamin f75t| m('i/nmlol. 
Amcr~ham International p.l.c., Amerqlam. UK). l~r 
tim,. intowak ranging from 311 s to 31} Min. 

For the evaluation of K,, and J,,,,, the vesicles 
were incubated h~r 4 .,, at 25°C with [~H]thiamin at 
concentrations rap.g!ag from 0.' 25 to 12.'i ,u M. In inhi- 
bition experiments, the structural analt~gs Of thiamin 
w e r e  added initially at concentration llJ times as high 
as that of thiamin ((I.Y /.trot, and the ncubation was 
carried out lbr 3ll s at 25°C. in these experiments, the 
non-saturable component was evaluate( by incubating 
the vesicles at (FC. A STRUMA short..timc incubation 
apparatus (lnnovativ-La~'~or AG, Adliswii, Switzerland) 
was used to measure rates o1' reaction according to the 
fidiow.ing procedure. 20/zl of vesicular suspension wcrc 
mixed with " . ~  ~tl O[ incubation medium containing 
(raM. final concentrations}: 10G, D-mannitol: 2. MgSO.~: 
10. Tris-Hepes (pH 7.5): ILU.}. NaCI and [3H]thiamin at 
the .~lected concentration. The reaction was .~topped 
at the fixed times by e.dding 1.5 ml of c{~ld (approxi- 

mately 3°C) 's'topping" solution containing (raM, final 
concentrations): 15(1, NaCl and I, Tris-Hcpcs (pH 7.5). 
The amount of labelled thiamin taken up by the vesi- 
cles was measured by a rapid filtration procedure, 
using cellulose nitrate microfiltcrs ( Microiiitration Sys- 
tem, Dublin, CA, USA} with {}.65 /~m pore diameter, 
previously saturated with unlabcllcd thiamin [t)]. The 
radioactivity of labelled thiamin non-specifically ad- 
'.;orbed on the microfilter was evaluated in each experi- 
ment by using appropriate blanks, the values of which 
were subtracted from the total radioactivity retained 
on the filter. All radioactivity nica~uremcnls were car- 
ricti out by ~J~,iw~g a Pack'lrd Tri-C'arb 20111) CA Ana- 
lyzer (Packard Instrumet~t Co.. inc., IDowncr Growe, 
IL, USA). 

( 'o l l t '¢ l l l r t l l ion t'ilrl'¢s 

Plots of thiamin uptake versus tlfiamiq conct:ntra- 
lions (concentration curves) wcrc obtain~cd by fitting 
the experimental poi~tt.,, by computcn'ized lea.~l-squan'es 
regression. "Fhc .,,alurablc and non-salttrabl¢ compo- 
nents were separated from c~mmlativc curve.~ by using 
the graphical procedure described by Gastaldi et al. 
[17], while the respective K., and .I.,,,, of the saturitble 
component and the K d con.,,tant ~f the non-saturable 
component were ~:alculated by u'~ing the computelized 
Graphpad program (ISi, 1987). 

M,q.~h,mzc'ri: a,',aO'sis 
For morpht,metric analysis, a w:sicle suspension was 

mixed ~.ith I'ixativc solution contai~ling 3g; (V/V)dis- 
tilled glutaraMehyde in (I.I M Na-cacodylate buffer 
(pH 7.35). After 30 rnin prelixation, thin pullets were 
obtained by ccntritugation a~ l()(l(lO~')×g tor 60 rain 
and left in the same solutiL~n for 2 h. Pclicts were then 
cut into tiny blocks, washed and star~itizcd osmotically 
in ().! M Na-cacodylatc buffer (pig 735) containing 
2.5r; (w/v) saccharose (315 mosmol/kg H,O). Post- 
fixation was carried out in 1.33~ (w/'v) OsO.. s-coi- 
l{dine (Merck, Darmstadt, German,j9 buffered solution 
(pH 7.35) The tipy blocks were subsequently processed 
according to conventional electron microscopy tech- 
nique. Electron microscopic observations and micro- 
graphs were made by using a Zeiss EM 109 transmis- 
sion electron microscope. Interactive/automated mor- 
phometric analysis wa~ carried out by using a Zciss- 
Kontron IBAS 2 computerized irn::ge analyzer, pro- 
vided with a TV camera stand for the input ol imaL,,es 
directly IYom :~cgative films, on negative pictures (56 × 
72 ram:) of ultrathin sections obtained a~ 2(J(}00 × 
electron magnification. Particular care was taken in tnc 
selectm~,n of the vesicles ~o be used for morphomctric 
analysis. The following sc~cction criteria were used, as 
recommended by Hunter et al. [18]: Ca) the vesic!c 
membrane must he clearly visible around the whole 
vesicular per{mete:, (b) vesicles must appear vs single 



structures, wifllout a dense core and dewfid of any 
smaller vesicle inside. The inorphometric parameters 
determined were the diameter D (nm) of the area- 
equivalent circle and the shape factor (l). ,n/D.,, .  ~). in 
order to assess the "sphericity" of the vesicles and to 
calculate the corresponding volume. Further details 
about the procedures used lor sample preparation and 
morphometric analysis have been described by Gastaldi 
et al. [19]. 

Sl~:qstk's 
Significance of  the differences among kinetic o,/n- 

slants, atnong inhibition percentages and among vesic. 
ular'diameters was tested by analysis of variance fol- 
lowed by Newman-Keuls's Q-test [20]. 

Mcterials 
All I'eagc~ts were of  ar, aiytical grade arid suprdied 

by Sigma Chclh'ical ( 'o. (St  Louis, MO,  USA) and 
B D H  Ltd. (Pooh', UK) .  PyrilhicL, mn bromide hydrobro- 
n lide and 4'-oxythiamin chloride v~:::re obtained l'rom 
Sigma Chemical ( 'o. (St. Louis, MO, USA). A m p m -  
liun: vats obtained from Merck. Sharp and Dohme 
(Pavia. italy). 

Results 
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Fig. I. Time course of lhi;,min uglakc hy .small inlcslinal ,nicrovillou,, 
vesich:n fi'oin rats of different ages. I.jlltake was 1111211slil't..d in the 
l~l'eSl..'r~l.'e of ll.25 # M  [311lthiaiidil (.,,pccific a~.li~ily, 75l)in( ' i / ' i |nnolJ 
and of an inilial gratlicnl of I()()mM Na('l (oul). Incubalion medium 
(ram final con ell lralion): IUll l~-nlal|lfilol; 2 Me}.;();; l l l-Tris-llcp,:s 
(p l l  7.5). Syml~ols rcl')resen' lh~.. Inc;ms uf th:lern;h]alions (ill repli- 
cates of al leasl 3) fl)r five dilferenl l~rcr~aralions, each inchlding 
in test ina l  llllICO,'.iil f rom 2-|1 ri l ls, accoid i l l  b' Io it|.:e. S.E. values 
(omhlcd i::)r clarity) wel t  within I{F;. A,!'c (n~onths): e. I; .~. 2; I~. t:; 

~. 12: ,~, 24. 

The enrtchmet~t in brush border membranes in rats 
from differem age groups ranged from 14.6- to 17.8- 
fold. without any :,tatisi.ically significant difference 
among the various groups. Exami:mtion of morphomet- 
ric parameters (]'able I) showed that the vesicles were 
consistently ' " ' " '  " ' t)emg approx- Spl l~ l l~ ' i l l ,  1111211 s: l lq: l¢ ['acior.,, ' " 
imately I. Vesicle diameters and wdumes showed ;t 
progressive and sign;ficant decrease with increasing 
age. The smallest diamete|,r which was observed in old 
rats (24 months oi ~;g,'), was (:0% of the value observed 
in very young animals ( ! motlth of age). 

The time-cour:;e profiles of thiamin t, ptakc by vesi- 
cles were simiim for all age groups (i:ig. !). in spite of 
the differences it, vesicle diameters, no stalistically 
ig " s nil ieant dif'fcrcnc,.: -,,,,, ,~,.,,a .,,,.,,,., ,h,, ,,,., ,,~, 

CLIrVCS. 

i nc lno,,lcs t)[' the COtlcentraiie, c:ulves it); t.hu 
curnulative uptake of thiamin were quaJi,ativ¢ly sil,,ilar 
for the vesicles of ;ill age gloups~ but the uptake rates 
differed according to age, being lowest in vcr~ young 
xats (I rnonlh of age) (Fig. 2 and upper portion A). 
Each of the curves could be resolved into a linear and 

TABH~ l 

MotT,t, nm'lric i~lll'lllll¢ler~ Of small intcsmml microtdhms rcsich's fr, n ,  r,l.~ of  different ages 

Data t'el'~rcselll Illcillls ~- S.['. 

Age Microvilhms v,:sicles 

(months) Num!'Der Diameter  "J' Shap,: 

( n m )  I:l¢lor c.,| 

2 74 I lb.31 + I.g3 " (I.q17 
h hh 89.69± 195 t 11.884 

12 i l l )  84.14 ± 2.114 ll.,~Tq 
24 I1(1 79.71 -f 1.14 0.88h 

( n m:  ) 

4121f~ 
42 499 
25 272 
22241 
I 0 9h ! 

volurqc ,t 
( nm ") 

78t)gl I 
823853 
377773 
31 I b103 
265 178 

" Diarncter ,.,f fl~e arca-e(luivalen! circle. 
h V;|lue measured direclly with an automaled syslem t:;e¢ Mal.:riais :lad melhod~) 

' Ratio b|ztween tile smaller and tile larger dia:neter. 
a Calculated value. 
~" P ~ n.05 versus ~, 12 and 24 month.,,. Posl-variance lest: Newmm~-Keuls's Q lesl [211]. 
J P ~ 0.05 versus 12 and 24 months. Post-variance lesl: Newman-Keuls': Q lest [201. 
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a non-linear component, as indicated above [17]. This 
confirmed that, irrespectively of age, a dual mechanism 
is involved in thiamin membrane transport: a saturable 
component at low (<  2 /~M), physiological concentra- 
tions, and a non-saturable component at higher con- 
centrations. All the concentration curves of the sat- 
urable component showed a clearly hyperbolic cour.~e, 
transport rates being higher in the older groups (rats 
aged 12 and 24 months) (Fig. 3 apd upper portion A). 

For the calculation of the apparent kinetic constants 
(K,, and Jm.',~), 4 s was chosen as the earliest time 
point which could be reliably used in the concentration 
curves in all age groups. To validate the use of this 
time point for this purpose, we had e~tablished in 
previous experiments that the time courses are reason- 
ably linear for up to at least 6 s in vesicles from all age 
groups, and that the extrapolation of the curves to zero 
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Fig, 2. Cumulative uptake of  thiamin by small intestinal micr<willous 
~esicl~ from rats of different ages. Uptake was measured after 4 s 
i.ncubation with different thiamin concentrations. The initial part of 
d~¢ curves (A), which refers to physiological concentralions, is shown 
in detail wilh expanded scale in the upper portion of the figure. 
Incubation medium, ~ u ~ , , r  ,ff dcteralinat~.ons and syraLo!s as in 

Fi~. I. S.E. vai,~es averaged i2~  of the nm=an. 
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Fig. 3. Salur-~b!e c,,mi,.onen! of thiamin up!:,.ke by small inte~'Jn;d 
microvilhms vesiclcx from rats of different ages. The initM part of 
the cun'cs (AL whic~ Icfct.,, to physiological concentrations, i~ shown 
m delaii ~.ilh expam:cd scale in ',:p'aer portion of the figure. The plot 
was obtained graphically from the: cvmuhltive uplakc curve shown i,i 

Fig. 2. Symbols as in Fig. I. 

time goes through the origk~ (data not shown). Under 
these conditions, the apparent kinetic constants of the 
saturable component were found to increase with in- 
crea:;ing age. However, the differences we, re statisti- 
cally significant only for the mature (12-month old~ and 
old (2.4 months) animals as compared to the other 
groups. A statistically significant difference was also 
found betw,~en the old and the mature groups (Fig. 4, 
A and B). 

Among the thiamin structural analogs tested, pyri- 
thiamin and amprolium were found to be active in 
inhibiting the saturable component of thiamin uptake, 
whereas oxythiamin was virtually inactive (Fig. 5). The 
inhibit~.~ry potenc,T of each of the active analogs de- 
creased significa~ltly during aging and reached in 24- 
month old rats values which were 35% (for pyrithi- 
am!n) and 20% (for amproliu-,a) of those found in very 
young animals. No statistically sigr:ificant differences, 
however, were found between the activity of pyrithi- 
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Fig. 4. Kinetic parameters tff thiamili uptake by small intestinal microvillou ~ vesicles fronl rats of different ages. A and B, K,, and J,.,,,, value~ of 
the saturable component; C. K a values of the non-saturable component. I he apparent kinetic constants were calculated from the dala shown in 
Fig. 2 by using the computerized Graphpad program (ISI, 1987). Bars repn:sent means +_ S.E. In A and B: *, P <- I).1)5 vs. I-. 2-, 6-month old rats; 
'~, I ) -<. 0.05 vs. 12-nmnth old rals. In (': *, P ..< I).!)5 vs. I-, 2-, 6-, 12-month old rats: '~. P ~< 11.1)5 vs. I-, 6-, 12-month old rats. Post -var iance  lest: 

Newman-Keuls',, Q-test [2111. 

amin and that of amprolium in vesicles from the same 
age group. 

The n(~n-saturable component of thiamin transpori 
was characterized by calculating the slope of the linear 
portion of the concentration curves (Fig. 2). According 
to Thontson [21], the slope rel}l'esdiil~ the apparent 
passive permeability coefficient of the non-~;aturable 
component of transport and provides an index of the 
passive permeability of the microvillous membrane. 
The greatest passive l,ermeability to thiamin was ob- 
served in the bru..,h be, der membrane from young rats 
(2-montla old) (Fig. 4, C). Permeability coefficients 
decreased progressively and significantly with increas- 
ing age, reaching in old (24 months) rats a value which 
was 18% of tha;. observed in young (2-month old) 
animals (Fig. 4, C). 

When the two components of thiamin transpert 
were compared, the transport rate of the saturable 
component was markedly higher than that of the non- 
saturable componeni: ;n old rats. In particu!ar, at a 2 
/.tM initial concentration of thiamin in the incubation 
medium, which is in the phy'.-;iological range, ~he sat- 
urable component accounted for 94% of the cumula- 
tive uptake in old (24 .,.,,,,,,h,:~,,,,,,,,..,, rats, while in the other 
groups the saturable component was consisiendy about 
50% (Figs. " • .. and 31. Overall, the microvilious mem- 
brane vesicles from old (24 months) rats were charac- 
terized, in comparison to those from younger animals, 

by a higher saturable (specific) component of transport, 
associated with a sharp decrease in passive permeabil- 
ity to tluamin. Based on the data shown in Fig. 2, it can 
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Fig. 5. Polency of various thiamin analc.as (OT, 4'-oxy;hiamin: PT. 
pyrithiamin; AM. amprolium) in inhibiting the saturahle transport ,,); 
thiamin in small intestinal micro~illous vesicles from rats oi diffc~c n! 
a g e s .  "~'" " " ! i~.~am,~ analog~ were added in the incubation m~:dium a! an 
initial concentration 10 times as high as d~at (0.5 # M )  of [~llhh~a- 
min. The saturable component nf thiarnirl tr~ztzspot't was nl~asztt'cd at 
30 s by subtracting the difflJsion:d component (me~t~ur.¢(! a| {1°(") 
from the cur4uladve uptake (me:~sured al 2 5 ° C ) .  I n c u h a l i o n  mcdiun~ 
and number of determit,alions as in Fig. I. Bars represent means of 
percenta~,e inhil~ition ± S.E. *, P ~  (:.0'; vs. I-, 2-. 6-mnnth old rat~,: 
~, P < 0.05 vs. i-, 2-month old rats: °, P ~ 6.05 vs. i-, 3-,',.~;'~i ,,'.d 

rats. Post-v';ria;~ce test: Newman-Keul:¢s O test [20]. 
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be calculated that, at the highest thiamin concentration 
used (12.5 /~M, much highcr than K,. value'~), the 
passive permeability rates accounted for 87-t}9C/, of 
the cumulative ~ransport in the vesicles from the 1- to 
12-month old groups° and for only 3(1¢¢ of thc cumula- 
tive ~:ransport in the eesicles fronl the 24-month old 
groups. 

Discussion 

It is well cstabli,.dlcd that aging is associated with 
changes in tile composition and structure of tile brush 
border nlenlbra,e o1' the small intestine, in tile nli- 
~.~'ovilhats in,c*,thlal ~eqlbranes of old rats higher 
cholesterol/phospholipid and protein/lipid ratios as 
well as lower double bond index flu" i at,.y acids have 
been reported in ¢onlr~arison to nlc[nbl'ancs from young 
rats [221. Similar alterations have been found in the 
maall intestine of old rabbits [2,23,24]. so that the 
nlicrovillous nlenlbrltlle of young anin,tals cmt be con- 
sitkred to be inhereniiy more fluid than that of old 
animals. These structural t'catures could conceivably 
account in our s~udy for the lat,l,er w)lumes of the 
microvillous vesicles from young rais. 

lt~tcslinal absorption is also frctit, ently aflected by 
aging, though age-related absorpti~'~a changes differ 
from one substance to another Ill. U:sing brush l',,.~'dcr 
nlcmbrane vesicles, i/.sposlto et al [13] repor ted a 
rcdttced I~-glttcose entry in old ( 1_-2,, month. } as toni- 
pared to young (45-61t days} and adult (2--12 months) 
rats. a finding c~nfirnlcd by l)oubck and .,X~lnbrccht. 
wilt) reported ,t reduction of .I,,,a , oilly [25]. 0~ i'rcves 
et :,.L [2{')] and~ in part. by llirst ar.,d W,~l!i.~ [27]. ill 
L,.uinea pig il¢'ml brush-b~,rdcr vesicles. IIowcve. ~'. aging 
¢llhances the transport ol' i-prolin¢ (but ,tot that of 
t-leucine) [.,',i]. 'l'hc kinetics of t-proline transp:)rt ill 
vesicles of aged animals shows a decrease in K,,, value. 
while J.,.,, is unaltered as compared to younger ani- 
mals. 

Prc.,,ci~t findings show that thiamin :ransport is also 
affected by aging: both the .I,., , "rod the K:. valuu.,, tff 
the saturable c:~mptmen.'. ' ppear to be increased, while 
passive permeability is reduced. 

An far as the saturable componenl is concerned, our 
data may indicate that in aged micnwillous nlenlbrancs 
the number (or tilt. activity) of thiamin carriers is 
increased (resulting in a higher J,,,,,, ). while the affinity 
ti)r thianlin is reduced (re,~tlting in :; higher K,,,). Thi:. 
suggests that in agt'd rats tile ~:haracter~stics of tile 
carriers differ from tile`~sc ebst:,~ed ill yotlllg ;illilii;.llS. 
The occcrrcnce of an ag:: rcl;:tcd alteration in tile 
characteristics t;[ the: cariot,; i-~ ul:~ TM, ir, dicated by the 
;estllts Of inhibition trxpeiinlelltS: l i l t  tl!iiioitoi T r,,.,: 
tency of pyrithiamin and arr, proliunl, two v~e!l knt, wn 
competitive inhibitors o[ the saturubie c,~,::p:ment of 
thiamio transport [9]. was reduced by aging, a finding 
which suggests a Io~,cr affinity of the thiamin carrier 

for these comp,.;:~nds. On tile contrary, oxythiamin, a 
thiamin anal,)g ,~.irtually inactive on thiamin transport 
[9], did nol inflt!cncc the s,..u, ablc comp,ment, irre- 
spectiw:ly of the age group in which it was tested. 

Sin~.,e the enrichment in the marker enzyme of mi- 
crovilh)us nlembranes was tile s:unc /or all age groups, 
tile observed dit'fcrenccs in K m and .I,,,,~ values should 
be considered as a reliable finding. Aging is associated 
with a delayed generation time of cpifllelial cells and 
with a reduced extrusion of these cells from tile villus 
tip. Therefore, the cells lining tile villus arc nlore 
nlature and may display enhanced functional abilities, 
including enhanced enzymic activities and substrate 
transl)Ol't [I,2,29]. The age-dependent changes ill ki- 
netic parameters observed in our study may be related 
to alteration.', ill nficrovillous nlenlbrane composition, 
especi.dly lipid colluentrlttje`~ll aRd type, but also con- 
ten! in extrinsic (et~:,ymes) aml intrinsic (transpOrt, etc.) 
r)l'(,t¢ins, possil-~ly nlodulated by the fluidity state of 
lipid,,, [3ill. 

A:~ far as the non-salural~h' cornlponenl Of transport 
in concerned, our data show that nlicrovillous vesicles 
from old rats exhibit a greatly reduced passive perme- 
ability to thiamin. This co~dd be related to tile general 
trernd of !he passive pcrnleabilily ,~1" small intestinal 
mucosa to dut,ca..." '" ' ~," wp, h increasing age. as shown for 
ntany substances including water, electrolytes, glucose, 
i-valine, aml nl ' , leromolecules  [21.23,31.32]. Since there 
was lie,) gross Col'rel~ition bu'lWecn ai)pal'¢llt passive 
pcHncabllily coe[l'icicnts and vesicular volumes (Fig. 
4(" and "!abic I). the rcductk)n in permeability in 
vesicles frt)nl mature t12 lllontlls) lllld old (24 nlonths) 
aninlais i:+ likely to result nlainly from changes in 
nlenll+raI1e structure t~lld composition. Indeed. a: men- 
tioned abe`we, nlicroviilous nlembranes froill age({ rats 
(and rabbits)are clmracten'ized by Iligilen" protein,' ~ipid 
and cholc.~derol/pllospllolipid ratios I22,23]. "illcs¢ 
menlhranes also show ~n increased protein, ilt~ly acids 
and total cllole.,~!er~q content as well as qualitative 
ch:~nges in laity acid a n d  phospholipid compc~sitit~n 
[2.22]. whik" their glycolipid content is reduced [23]. 
The decreased passive pernlcabilit) ,d vesicular menl- 
branes to thi:mlin, as sllo,,,,n by tile changes in K u 
values, may reduce co,isiderably tile transport rate o1" 
high co~ccnirations ol vilamhi ( ~-~ K,,,), for which p ~.-,- 
sire difftnsion in tIle main nlecllani.~,nl of intestinal ab- 
s~wptioxl [0. Ill]. A dc-'rca.,,ed diffusion of thianlin, possi- 
bly associated with an age-induced d,..'creasc in small 
intestinal blood flew [33.34]. nlay explahi the reduced 
thim'lin absorption reported ii~ vivo in old rats [5,6]. in 
fact. ~.he do~,e.,: of thiamin used ill tlle:~e in vivo experi- 
n!e:!ts v,.~.re well above those which can be handled by 
tile saturable (specific) transp,~rl syslcnl, so that undt:r 
those conditions passive diffusion could be considered 
as the main "-..~ .... s. w,,.,-..- ir~,'ol,~cd h,,, /lie intestifml absorp- 
tion of the vitamin. 



Interestingly, all in vitro study Oil I)-glucosc trailS- 
rJorl by rabbit inieslinc Iiiund ajhig to be ~sso¢ialcd 
with l i l lCl 'Cascd J,,,ax ; : l i d  h'.,, va!u',, 's, a n d  w i l h  a d e -  

Cl 'Ca. , , t :d passive pcrmeal~ilily I21l, a finding siinihir to 
lh;.it observed in our invesligalion on Ihiainin vcsicuhir 
lrallSl)Oi'l. Thc iliCl'¢as¢ ill .I,u,,< l'lli" gll~t'(ist., Iransporl 
WaS Ct i l l s i dc i ' L ' d  t o  l ' ep rc ,~Ci l l  {I t , 'Ol l lpen,~- t t t l i  ") l i l c c h a -  

ni,~ln I'ur ttlc hlwer affinity and pcrlneabilily typical of 
old brush border nlCl l lb l 'a l l t2 ,~ ,  ~111 inierl'n'ctalion which 
l l l ; . iv a l s o  apply I o  pl 'e,,,;enl findings, 
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