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Inf luence  of Age  on the  Tota l  Lipid,  P h o s p h o l i p i d  and C h o l e s t e r o l  Content s  of  
P a n c r e a s  and Liver  of  A lb ino  Rats  

P a n c r e a t i c  t i ssue  is r i ch  in lipids, a h igh  p r o p o r t i o n  of 
w h i c h  is due  to n e u t r a l  fat .L E x t e n s i v e  f a t t y  in f i l t r a t ion  
in to  t he  panc rea s  occurs  in  obes i ty  a n d  l ipomatos i s  ~. In  
v iew of t he  i m p o r t a n t  func t ions  of t he  p a n c r e a t i c  t issue,  
s tudies  on  t he  l ipids  of panc rea s  a n d  l iver  of r a t s  of differ- 
en t  age groups  were u n d e r t a k e n  a n d  t he  resu l t s  p r e sen t ed  
in t h i s  repor t .  

Material  and methods. Male a lb ino  r a t s  f rom an  inb red  
s t r a i n  m a i n t a i n e d  on  l a b o r a t o r y  s tock  d ie t  were d iv ided  
in to  3 groups  accord ing  to  age. The  f i rs t  g roup  cons is ted  
of y o u n g  ra t s  of 2 m o n t h s  of age a n d  t he  second group  of 
adu l t s  of 5-6  m o n t h s  of age. R a t s  over  12 m o n t h s  of age 
fo rmed  t h e  t h i r d  group.  T h e y  were sacr i f iced in t he  fed 
s ta te ,  t h e  panc rea s  an d  l iver  d issected  out ,  weighed,  dr ied 
in an  oven  a t  80~ for 6-8  h, aga in  weighed a f te r  drying,  
e x t r a c t e d  w i t h  p e t r o l e u m  e the r  in  a Soxh le t  a p p a r a t u s  
and  t he  t o t a l  l ip id  d e t e r m i n e d  g rav imet r i ca l ly .  To ta l  and  
free choles terol  ~ a n d  phospho l ip ids  ~ were also de t e rmined .  

Results. The  wa te r  c o n t e n t  of t he  panc rea s  of 2 -mon th -  
old ra ts ,  w h i c h  was  78.4 ~= 0.34 g/100 g f resh we igh t  of 
t issue,  decreased  to  75.1 • I 42 g/100 g in 5-6  m o n t h  old 
r a t s  and  to 61.3 -h 2.47 g/100 g i n  r a t s  ove r  12 m o n t h s  of 
age (Figure  1). However ,  no  a l t e r a t i o n  in t he  w a t e r  con- 
t e n t  of l iver  occur red  due to age. 

The  t o t a l  l ip id  of t he  pancreas ,  w h i c h  was 23.9 • 6.20 g/ 
100 g d ry  we igh t  of  t i s sue  in t h e  2- roonth-o ld  rats ,  in- 
c reased to  27.90 • 2.70 g/100 g in t he  5-6  m o n t h - o l d  
r a t s  (Figure  2). I n  t he  r a t s  over  12 m o n t h s  of age, t he re  
was a s teep rise in  t he  t o t a l  l ip id . to  62.00 ~= 2.39 g/100 g. 
A l t h o u g h  t h e  t o t a l  l ip id  of t he  l iver  of 2 -mon th -o ld  rats ,  
viz. 4.86 =k 0.74 g /100g,  increased  to 7.27 • 0.31 g/100 g 
in t he  5 - 6 - m o n t h  -old rats ,  i t  d id  no t  increase  a n y  f u r t h e r  

in older  ra ts .  The  t o t a l  l ip id  of t h e  l iver  of r a t s  ove r  12 
m o n t h s  of age was lower t h a n  t h a t  of t h e  5 - 6 - m o n t h - o l d  
rats .  Thus  t he  rise in t o t a l  l ip id  of panc rea s  d id  n o t  a lways  
para l le l  t h a t  of t he  l iver  as age advanced .  

The  t o t a l  choles tero l  of t he  p a n c r e a s  was h ighes t  in  t he  
2 -mon th -o ld  rats ,  viz. 1107 =k 109 mg/100 g (Figure 3). 
As age increased,  t he  t o t a l  choles tero l  of t he  panc rea s  
decreased  to 946 :h 111 rag/100 g in t he  5 - 6 - m o n t h - o l d  
r a t s  a n d  to  446 :k 30 mg/100  g in r a t s  a b o v e  12 m o n t h s  
of age. The  es ter  choles tero l  was 364 -4- 55 mg/100 g in 
t he  panc rea s  of 5 - 6 - m o n t h - o l d  r a t s  wh ich  was h igher  t h a n  
t h a t  of t he  o the r  groups  (Figure  4). I n  liver,  a l t h o u g h  t he  
5 6 -mon th -o ld  r a t s  h a d  t he  h ighes t  t o t a l  choles terol  (Fig- 
ure  3), es ter  choles tero l  decreased  w i t h  age (Figure 4). 

The  panc rea s  of 2 -mon th -o ld  r a t s  h a d  t he  h ighes t  phos-  
pho l ip id  c o n t e n t  of 5087 • 886 mg/100 g (Figure 5). As 
age advanced ,  t he  phosphol ip id  decreased  to  3425 4- 226 
mg/100  g in  t he  case of 5 - 6 - m o n t h - o l d  r a t s  and  to  
2173 -t- 158 mg/100 g in t he  r a t s  above  12 m o n t h s  of age. 
The  decrease  in  t h e  p h o s p h o l i p i d  was t h u s  inverse ly  re- 
l a t ed  to  t he  t o t a l  l ip id  of t he  pancreas .  On t h e  o t h e r  h a n d ,  
in t h e  liver,  age b r o u g h t  a b o u t  a progress ive  increase  in 
t he  phosphol ip ids .  

Discussion. F a t t y  i n f i l t r a t i on  of p a n c r e a s  is descr ibed  
as a v e r y  c o m m o n  condi t ion ,  b u t  no cl inical  s ignif icance is 
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Fig. 1. The water content of the pancreas. 
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Fig. 3. The cholesterol content of the pancreas. 
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Fig. 2. The lipid content of the pancreas. Fig. 4. The ester cholesterol content in the pancreas. 
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a t t a ched  to  it 2. In  obesi ty,  th is  fat  of ten  comple te ly  re- 
places large areas of the  p a r e n c h y m a  cells of t he  pancreas .  

In  the  p resen t  s tudy,  the  to ta l  l ipids of the  pancreas  
show a s teep rise wi th  age. Such a rise in t he  to ta l  l ipid in 
re la t ion to  age was observed  in guinea-pigs  by  o the r  wor- 
kers~, 6, th is  rise be ing due  to t r ig lycer ide .  The resul ts  of 
the  p resen t  s t u d y  wi th  ra t  pancreas  cor robora te  the i r  
f indings.  

The phospho l ip id  con t en t  of t he  pancreas  is h ighes t  in 
ve ry  young  rats .  I t  decreases  w i th  age and is inverse ly  
p ropor t iona l  to  the  level of to ta l  l ipids.  The func t ions  of 
phosphol ip ids  in pancrea t i c  t i ssue  are no t  clearly under-  
stood. A p a r t  f rom a s t ruc tu ra l  func t ion  as a cons t i t uen t  of 
cell m e m b r a n e  and mi tochondr ia ,  phosphol ip ids  are be- 
l ieved to have  a role in p ro te in  secret ion.  I-IoKIN and HO- 
KIN 7, 8 have  shown t h a t  when  pro te in  secret ion is s t imula t -  
ed in pancrea t i c  slices, isotopic precursors  are increas ingly  
incorpora ted  in to  phosphol ip ids .  Dur ing  secretion,  the  ra te  
of label l ing of R N A  and phosphol ip ids  in pancreas  is in- 
creased w i thou t  af fect ing the  to ta l  l ipid con ten t  ~. 
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Fig. 5. The phospholipid content in the pancreas. 

B o t h  free and  to t a l  cholesterol  of pancreas  decrease wi th  
age, as observed  in the  p resen t  s tudy.  Es t e r  cholesterol ,  
a l though  i t  rises dur ing  growth,  d iminishes  to  50% of its 
original  level in old rats.  The d iminu t ion  of to ta l  choleste-  
rol of pancreas  due to  age paral lels  t h a t  of phosphol ip id .  
F u r t h e r  work alone can expla in  how a d iminu t ion  of b o t h  
cholesterol  and phopho l ip id  can occur along wi th  increased 
accumula t ion  of fat  w i th  age. 

In  the  liver, t he  phopho l ip id  is increased while the  cho- 
lesterol  es ter  is d imin i shed  due to age. This  is in ag reemen t  
wi th  t he  f indings  of WILLIAMS et aI. 1~ who made  a s imilar  
obse rva t ion  wi th  growing rats.  However ,  these  workers  
have  no t  made  the  s t u d y  in older ra t s  and  the  resul ts  pre- 
sen ted  here m a y  therefore  be useful for fu r the r  probe.  

Rdsumd. Le cholest6rol et  les phosphol ip ides  du pan-  
cr6as des ra t s  d iminuen t  ~ mesure  que l'&ge avance,  t and is -  
que le con tenu  to ta l  de l ipides au g men t e  sens ib lement .  
Dans  le foie, les phospho l ip ides  a u g m e n t e n t  avec l'&ge, 
mais  le con tenu  to ta l  de l ipide e t  de cholest6rol n 'aug-  
m e n t e n t  pas d6s que les souris a t t e ignen t  l'&ge de 5 ~ 6 
roofs. 
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Retarded Enzymatic Degradation of Heterologous Eledoisin Sequences 

To p ro t ec t  biologicMly ac t ive  pep t ides  aga ins t  physio-  
logical enzymat i c  degrada t ion ,  it  is sui table  to  subs t i t u t e  
amino  acid residues by  non-p ro te in  cons t i tuents ,  special ly 
in N- t e rmina l  posi t ion.  For  example  in the  case of ACTH, 
a / / - a m i n o  acid, or a D-amino acid has been used to  get  an 
enhanced  ac t iv i ty  t, 2. 

Recen t l y  we were engaged in syn thes i s  and  biological 
t e s t ing  of hydraz ino  acids ( H ~ N - N H - C H R - C O O H )  8,4. 
They  m a y  be in t e rp re t ed  as ' N H - a m i n o  acids ' .  The i r  
i n t roduc t ion  in pep t ides  will give ' hydraz ino  pept ides ' .  
As compared  wi th  pept ides ,  t h e y  conta in  an addi t iona l  
n i t rogen  in t he  pep t ide  backbone.  

R e p l a c e m e n t  of the  a-carbon in amino  acid res idues  by  
n i t rogen  leads to a-azapept ides ,  t he  second t y p e  of hetero-  
pep t ides  used in these  inves t iga t ions .  

. . . .  CO-NH-CHR-CO NtI  .. . .  peptide 

... .  CO-NH-NH CIIR-CO-NH ....  hydrazino peptide 

--- CO-NII -NR CO NH ....  cr 

Synthes is  of hydraz ino  or aza analogues of 5-asparagine- 
eledoisin peptides6,6 men t ioned  here  and  the i r  biological 

ac t iv i ty  in isolated organs and  on blood pressure  in fowl, 
guinea-pig,  and ra t  were publ i shed  earl ierL 

Eledoisin : 

pGlu P ro -Ser -Lys -Asp-Ala -Phe- I l e -Gly -Leu-Met -NHl  
1 2 3 4 5 6 7 8 9 10 11 

(positions of the heteroconstituents are underlined). 
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