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In Vitro Incorporation ofl~C Labeled Precursors 

Exper imen ta l  atherosclerosis in the rabbi t  is associated 
with  an increased ra te  of synthesis  of phospholipid% 
par t icular ly  phospha t idy l  choline, in the  aort ic  wallS-< 
Different  types  of phospholipids have  been shown to 
va ry  in their  capaci ty  to stabil ize cholesterol emulsions 5. 
I t  is possible t h a t  differences in conten t  or synthesis  of 
the  var ious  types  of phospholipids in the  arterial  wall  
could be a factor  in the differing susceptibil i t ies of some 
types  of arteries or some species to atherosclerosis. This 
possibi l i ty was explored in the  present  inves t iga t ion  by  
s tudying  the  coronary  arteries of swine in comparison to 
the pu lmonary  and other  ar ler ies  and h u m a n  peripheraI  
arteries of previous studies ~-6. 

Materials and methods. Hear ts  and port ions  of the aor ta  
and pu lmonary  arteries were obtained wi th in  30 min  of 
s laughter  f rom 6-month-old,  male, grain fed Hampsh i re  
swine. The in t ima-media  port ions of the  coronary  and 
other  arteries were placed in an isotonic iKrebs-Ringer- 
glucose solution at  p H  7.4, and af ter  addi t ion of 20 ~,c of 
ei ther Iormate-t4C, acetate-l- l~C, glycerol- 1-3-1~C, choline- 
1-2-~C, serine-l-14C or ethanolamine-1,2-14C (Nuclear- 
Chicago, adjus ted  to specify ac t iv i ty  of 1.03 m c / m M )  to 
each, the  flasks were incubated  for 4 h in an air a tmos-  
phere at  37.5~ in a Dubnoff  metabol ic  shaking incubator .  
A to ta l  of 4 incubat ions  for each a r te ry  were done wi th  
each ~4C labeled precursor. Carbon dioxide was collected 
in a center  well conta ining 20% NaOH,  and the  1~CO2 
rad ioac t iv i ty  determined as previous ly  descr ibed< 

Washing  the  tissues free of rad ioac t ive  precursor,  
ext rac t ion  of the  tipids, and separat ion of the  phospho- 
lipids by thin  layer ch romatography  were all done as 
previous ly  descr ibed< After  elution of the  phospholipid 
fract ions f rom the  silica gel 7 al iquots  were analyzed for 
phosphorous conten t  s. Other  al iquots  were assayed for 
rad ioac t iv i ty  using a mix tu re  of 2, 5 Diphenyloxazole  and 

Table I. 14CO2 evolved during incubations of swine arteries with 
14C-labeled substrates 

into Swine Coronary Arterial Phospholipids 

1,4-bis-2-(5-Pbenyloxazolyl)-Benzene in toluene scintil-  
la tor  and a Packard  Model 3314 Liquid Scint i l lat ion 
spect rometer  ~. 

Results and discussion. The amounts  of the  individual  
major  phospholipids in the  coronary  arteries in mg/g  
dry  weight  of arteries 4-S .D.  were as follows: sphingo- 
myel in  0.7 4- 0.2, phospha t i dy l  choline 2.8 4- 0.6, phos- 
pha t idy l  serine 0.8 4- 0.3 and phosphaddy l  e thanolamine  
1.3 4-0.4. The amounts  of these phospholipids were not  
s ignif icantly different  in the  coronary  or pu lmonary  
arteries or in the  aor ta ;  incubat ion  wi th  the different  
labeled precursors also had no effect upon the amounts  
of any of these phospholipid classes. 

The 1~CO2 evolved in d p m / m g  dry weight  of ar tery  
for the  coronary  and pu lmonary  arteries af ter  incubat ion  
wi th  each of the  1~C labeled precursors is indicated in 
Table  I. Oxida t ion  of carbon 1 of serine to C~402 was 
greater  t han  tha t  for the  labeled carbon a toms of the  
o ther  amino-alcohol  substrates  utilized. The amounts  of 
14CO2 evolved f rom the  aor ta  were s ignif icantly lower than  
those f rom the  pu lmonary  and coronary  arteries. 

The specific act ivi t ies  of the  major  coronary  ar ter ial  
phospholipids af ter  incubat ion  wi th  the  different  ~4C 
labeled precursors are indicated in Table  I I .  The nitro-  
genous bases appeared to be incorporated to a much  
greater  degree than  formate,  ace ta te  or glycerol. This  
was probably  due to the  more selective ut i l izat ion of the  
bases for phospholipid synthesis, and also to the  greater  
oxidat ion  of formate  and ace ta te  to CO 2. Spingomyel in  
showed a re la t ively  low degree of incorporat ion wi th  alI 
the  precursors, including the  choline-14C. Phospha t idy l  
serine was most  highly labeled when incubated  wi th  the  
serine-14C or formate-~4C, incorporat ion of the  l a t t e r  
occurring probably  by  f ixat ion of the  one carbon frag- 
ment  to glycine to form serine. 

Phosphat idyl  choline was signif icantly labeled af ter  
incubat ion wi th  choline-14C and with  ethanolamine-~4C, 

Substrate Coronary Pulmonary Aorta 

Formate 1,150 4- 203 1,390 4- 313 842 4- 252 
Acetate 2,540 4- 224 2,960 4- 306 1,410 4- 151 
Glycerol 109 • 20 141 4- 25 78 4- 19 
Choline 26 4- " 6 42 4- ii I0 4- 3 
Serine 177 4- 28 235 4- 37 81 4- 15 
Ethanolamine 22 4- 5 34 4- 10 6 4- 2 

dpm 14CO,_/mg dry weight of artery. 
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Table II.  Specific activities of major swine coronary arterial phospholipids after incubation with 14C-labeled substrates �9 

Substrate SphingomyeIin Phosphatidyl Phosphatidyl Phosphatidyl 
choline serine ethanolamine 

Formate 401 4- 158 188 ~_ 38 1,760 i 414 750 • 62 
Acetate 198 4- 35 780 4- 175 469 ! 79 392 i 81 
Glycerol 492 4- 86 1,540 4- 312 1,160 4- 256 1,210 q- 178 
Choline 2,281 • 385 64,600 • 4,753 1,547 4- 295 1,417 4- 299 
Serine 992 -4- 227 563 i 134 30,900 4- 4,854 1,430 4- 176 
Ethanolamine 2,258 4- 456 4,706 • 701 518 4- 130 52,900 4- 3,450 

DPM/mg phospholipid 4- S.D. 
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ind ica t ing  t h a t  b o t h  the  de-novo and  the  t r a n s m e t h y l a -  
t ion  p a t h w a y s  are act ive  in t he  swine arteries.  

The pa t t e rn s  of incorpora t ion  in the  aor ta  and pul-  
m o n a r y  ar ter ies  were no t  s ignif icant ly  d i f ferent  f rom 
those  of t he  coronary  ar ter ies ;  t he  degrees and dis t r ibu-  
t ion of r ad ioac t iv i ty  incorpora t ion  were similar  to those  
found  on incuba t ion  of the  same precursors  w i th  r ab b i t  
aor tas  4 or h u m a n  per iphera l  ar ter ies  6. There  is, therefore,  
no evidence f rom these  expe r imen t s  to suggest  t h a t  the  
d i f fe rent  suscept ibi l i t ies  to  atherosclerosis  of the  coronary  
ar ter ies  and  aor ta  vs. the  p u l m o n a r y  a r t e ry  are a t t r i bu t -  
able to  differences in phosphol ip id  me tabo l i sm of these 
ar ter ies  9. 

Schweins  war  folgender:  Cholin > Ae thano l in  > Serin > 
Glycerin > F o r m a t  > Azetat .  Bet Bebr i i tung  yon  Arte-  
r ien mi t  ~aC-Cholin oder  ~4C-Aethanolamin t r a t  ein deut -  
lich e rh6h te r  E inbau  yon 14C in das Ph o s p h a t i dy l -  
cholin auf. 
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Intestinal Absorption of D-Xylose by Germfree Rats 

I t  is now recognized t h a t  the  morpho logy  of the  
in tes t ine  is de t e rmined  in i m p o r t a n t  ways  by  the  pres- 
ence of the  normal  in tes t ina l  microflora.  Recen t  under-  
s t and ing  of these  effects has  come f rom studies  of germ- 
free animals  which  were shown to have  less mucosal  
surface area ~ and reduced mucosa l  cell t u rnove r  rate2-4 
when  compared  to convent iona l  control  animals.  Dif- 
ferences also have  been observed in t he  morpho logy  of 
t he  re t icu loendothe l ia l  e lements  of the  in tes t ina l  mu-  
cosa 2,6. Despi te  these  morphologica l  observat ions ,  a 
surpr is ingly  small  a m o u n t  of in fo rma t ion  is available 
concerning in tes t ina l  funct ion  in germfree  animals.  We  
have  begun  a series of inves t iga t ions  ~ to  de te rmine  the  
effects  of microorganisms  on in tes t ina l  absorp t ion  and 
th is  repor t  summar izes  observa t ions  on the  absorp t ion  of 
D-xylose by  germfree and  convent iona l ized  rats.  

Materials and methods. Fischer  s t ra in  ra ts  were ob ta ined  
germfree  f rom the  Charles River  Breeding Laborator ies ,  
Wi l lmington ,  Massachuse t t s  immed ia t e ly  af ter  weaning.  
They  were d iv ided r andomly  into 2 groups of equal  
number s  of male  and  female  ra ts  and were t rans fe r red  to 
separa te  TREXLER-type, f lexible plast ic  isola torsL One 
group was ' convent iona l ized '  by  .a p rocedure  previous ly  
descr ibed 6 and served as the  control  group. The o ther  
group of ra ts  r emained  germfree.  Bo th  groups received 
steri l ized die t  L-356 s, steri l ized disti l led wa te r  ad Iibitum, 
and  a v i t amin  supplement .  They  were otherwise  main-  
t a ined  under  ident ical  env i ronmen ta l  condit ions,  the  
single except ion  being the  presence of the  microf lora  in 
the  convent iona l  rats.  Germfree  s ta tus  was de t e rmined  
b iweekly  wi th  s t anda rd  microbiologic t echniques  6. 

At  t he  age of 6.5 months ,  250 mg of D-xylose in 0.5 ml  
of wa te r  was admin i s t e red  to each ra t  by  gastr ic  tube.  
6 h following admin i s t r a t i on  of the  t e s t  solution, the  ra ts  
were killed wi th  chloroform and the  gas t ro in tes t ina l  
t r ac t s  removed.  The con ten t s  of the  "stomach, smal l  
intest ine,  and  large in tes t ine  were collected separa te ly  
by  washing  wi th  isotonic saline solution. The to ta l  a m o u n t  
of D-xylose remain ing  in each sect ion of ~he gast ro-  
in tes t ina l  t r ac t  was d e t e r m i n e d  using the  m e t h o d  of ROE 
and IRICEt The percen tage  of D-xylose absorbed  was 
calcula ted by  the  procedure  of MAI~LA et al. ~6 which  
accounts  for differences in gastr ic  emptying�9  

Results and discussion. The resul ts  are p resen ted  in t he  
Table.  In  germfree  ratsl  11.3% of t he  D-xylose r emained  
in the  s t om ach  a t  the  end of the  t e s t  per iod compared  

to  3.8% in the  s tomachs  of convent iona l ized  rats.  This 
difference was no t  s ignif icant  a t  t he  0.05 level bu t  was 
s imilar  to observa t ions  made  previously  which  indicate  
a decreased ra te  of gastric e m p t y i n g  i n g e r m f r e e  ra t s  6,11 
There  was no difference be tween  germfree  and  conven-  
t ional ized groups ill the  a m o u n t  of D-xylose which  
remained  in the  small  in tes t ine  bu t  s ignif icant ly  more  was  
recovered in the  cecum and colon of germiree  ra t s  
( P <  0.025). The ne t  absorp t ion  Was 74.3% in the  germ- 
free ra t s  and  87.8% in the  convent ional ized  rats ,  a 
s ignif icant  difference ( P  < 0.025). 

These observa t ions  are d i f ferent  f rom those  previous ly  
repor ted  by  HXNE~I~AN 12 in which  it was concluded t h a t  
xylose is absorbed  more  rap id ly  in germfree  rats.  Our 
da t a  are not  comparab le  to  his because he measured  
absorp t ion  dur ing the  first  hour  following admin is t ra t ion ,  
a t ime  when  bo th  germfree and  control  animals  had  
absorbed less t h a n  half  of the  admin is te red  dose. There  
m a y  have  been o ther  differences which  are no t  imme-  
dia te ly  apparen t ,  e.g., in the  composi t ion  of t he  in tes t ina l  
microf lora  of the  contro l  animals.  

Our observa t ions  suggest  t h a t  normai  in tes t ina l  micro- 
organisms have  a s ignif icant  effect  on the  in tes t ina l  ab- 
sorpt ion  of D-xylose bu t  the  exp lana t ion  is no t  comple te ly  
dea r .  We do no t  believe the  decreased absorp t ion  in 
germfree ra ts  was re la ted to in tes t ina l  mot i l i ty .  ABRAMS 
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