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ABS TRACT 

T he e f fect of d i et r e s t r i ct i on ,  e xe rci s e  and aging on 

body we i ght , epididymal and p e r i ren a l  fat pad we i ght s ,  l ive r 

and adipo se l ipogene s i s  and l ip o l y s i s  i n  ma l e  Wi s t a r  rat s 

were i nve s t i gat ed . The st udy con s i sted o f  f o u r  exper i ment a l  

group s : ad l ib itum fed, s e dent a ry ( A ) ; d i et rest r i ct e d  b y  

feeding on a l t e rnate day s ,  s e dent a ry ( R) ; ad l ib i t um - f e d ,  

exe rci sed by s w i mm i n g  o n  a l t e rnate day s (AE); d i et 

rest r i ct e d  by feedi n g  on a l t e rn at e  day s ,  exerci sed by 

swimm i n g  on a l t e rnate day s (RE) . 

D i et r e s t r i ct i on as we l l  a s  exe rci s e  r e s u l t e d  i n  a 

s i gn i f i cant l y  l ower mature body w e ight , ep i d i dyma l and 

per i re n a l  fat pad we i ght s t han ad l ib i t um fee d i n g . A 

s i gn i f i cant decrease i n  t he s e  paramet e r s  w a s  obs e rved w i t h  

age. 

Hepat i c  and adipose l ipogene s i s  was e s t i mated by 

mea s u r i n g  t he i ncorpo rat i on of acet ate l -
14

C i nt o  fatty 

aci ds , and acti v i t y  o f  g l uco s e - 6-pho sphate dehydrogena s e  

( G6PD ) i n  v i t ro . D i et re s t r i ct i on r e s u l t e d  i n  an i n cr e a s e d  

hepat i c  G6PD act i v i t y  ( p <  0 . 0 0 5 )  and a d i p o s e  t i s sue f a t t y  

aci d s ynt he s i s  ( p< 0 . 0 1 )  whe re a s  e xe rci se r e s u l t e d  i n  

i ncrea s e d  a d i p o s e  t i s sue G6PD act i v i t y  ( p< 0.0 5 ) , but i t  had 

no a f fect on l ipogen i c  act i v i t y  of e it he r  t i s su e . With age, 

however , f at t y  acid synthe s i s  and G6PD act iv i t y  were 

i ncr e a s e d  in bot h t i s su e s .  
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Hepat ic and ad ipo se t i s sue l ip o l y s i s  was e s t imat ed by 

measu r i ng the amount o f  i n  v i t ro g l y c e r o l  r e l e a s e  of t he s e  

t i s su e s . D iet re s t r i c t i on resu l ted in an i n c r e a s ed hepat i c  

and ad ipo se t i s sue g l y c e r o l  r e l e a s e  whe reas exerc i s e  

increased hepat i c  g l y c e r o l  r e l e a s e , but d id n o t  a ffect 

adi p o s e  g l yc e r o l  release . The amount of g l y c e r o l  r e l e a s e  o f  

both t i s su e s  was inc rea sed with age. 

I n  gene r a l , ne ither feed r e st r i c t i on n o r  e xe r c i s e 

improv ed o r  p revented age- a s s o c i at ed phy s i o l og i c a l  chang e s . 

Corre l at i on s  between phys i c a l  paramet e r s  (body we ight and 

pad weight s )  were s ign i f i c ant . Liver fat t y  a c id 

s ynt hes i s  and ad ipose t i s sue fatty a c id s yn t he s i s  were 

c or r e l a t ed to bot h l iver G 6 P D  a c t iv i t y  and adi p o s e  t i s sue 

G 6 P D  activ i t y  in ag i ng rat s . 
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CHAP TER I 

I NTRODUCT ION 

A l a rge segment o f  the USA popul at i on i s  part i c ipat ing 

i n  exer c i se and reduced c a l o r i e  int ake reg imen s .  A l i k e l y  

mot i vat i ng f a c t o r  i s  t h e  cu rrent perc ept i on that these 

regime n s  have health and c o smet i c  bene f i t s . E l ev at ed body 

wei ght and/ or ob es i t y  has been a s s o c i at e d  w i t h  i n c r e a sed 

morb i di t y  and mort a l i t y  i n  a number of studi e s  ( 1 - 3 ) ,  

howeve r ,  there h a s  been c ont roversy about these 

re l at i on s h ips ( 4 ) . It  h a s  been demon st rated , howeve r ,  that 

weight redu c t i on can l e ad to impr ovement o f  s ome of the 

" r i s k  fac t o r s" for seve r a l  dis e a s e s  a s s o c i at e d  w i t h  obe sit y 

(5,  6 ) . 

Nume rous studies have shown t h at a reduct i on i n  feed 

i nt ake l owe red body f at and extended t he l i fe span of 

l aboratory anima l s  ( 1 2 - 15 )  . I n  rodent s ,  feed rest r i ct i on 

h a s  been shown t o  redu c e  the i n c i dence of d i sease , l engt hen 

l i fe span and ma i nt a i n many phys i o l og i c a l  funct i on s  at 

1 

l eve l s  n o rma l l y  ob served in younger an ima l s  ( 7 - 1 1 ) . Redu c i ng 

t he amount o f  feed i nt ake f o r  a short p e r i o d  o f  t ime da i ly 

l eads t o  a de c re a s e  i n  body fat whi ch cou l d  a lt e r  s ome 

met ab o l i c  re act i on s  r e l at e d  t o  l ip ogeni c  a ct i v i t i e s  (1 6 - 1 8 ) . 

L i v e r  and adipo se t i s sue l ipogenes i s  c an be a f fected by 

feed rest r i c t i on and phy s i c a l  t r a i ning . Re st r i ct i on o f  the 

l ength o f  feeding t ime of rat s to a per i od of 1 - 2  h pe r day 



2 

has been reported t o  i n c r e a s e  a c t i v i t y  o f  l ipogen i c  pathway s 

{ 1 6 - 2 1 ) . D i e t s  h i gh i n  c arbohydrate or fat { 2 2 ) e l evate o r  

dep re s s ,  respe ct ivel y ,  fat s ynthe s i s  in the l i ver and/ o r  

adipos e  t i s su e s . Fast ing h a s  been sh own t o  reduce the rate 

of fat t y  a c i d  sy nthe s i s  i n  the l i ver of the E u r opean e e l  

( 2 3 )  . 

I t  has been document e d  we l l  that the amount o f  exerc i s e 

engaged i n  by anima l s  has a r o l e  i n  regu l at i ng the i r  b o dy 

wei ght and body fat c ont ent { 1 4 , 2 4 -2 8 ) . P hy s i c a l  t r a i n i ng 

h a s  been shown t o  re sult i n  de c rea sed we ight , dec re a sed body 

fat , and e i ther i nc re a s ed or de creased synthe s i s  and l ip i d  

degradat i o n  i n  the l i ver and/or i n  adipose t i s s ue (29- 3 4 ) . 

Re se archer have repo rted recent l y  th at exerc i s e t ra ined 

anima l s  have the potent i a l  of drawing a great er percent age 

of the i r  energy needs f rom fat , t hus , sp a r i n g  l im i t e d  

ca rbohydrate stores (2 9 , 3 0 , 3 2 ) . Other r e s earchers have 

p o i nt e d  o ut t h at exer c i se has a marked e f fect on the 

mob i l izat i on and oxidat i on o f  fatty a c i ds (3 0 , 3 1 ) . Howe ver ,  

t he e f f e c t  o f  l ong-t erm exe r c i s e  ( i . e . , t hroughout l i fe ) on 

l ip i d  s ynthe s i s  ha s not been i nvest igated . 

A l t e rat i o n s  i n  l i ver and adipose t i s sue l i pogene s i s  as 

a result of exerc i s e  and/or feed r e st r i c t i on have been shown 

t o  be r e l ated t o  the a c t i v i t y  o f  spec i fi c  enzyme s such a s  

g l u c o s e - 6 -pho sphate dehydrogenase {G 6PD ) a n d  ma l a t e  

dehydrogenase (ME D )  ( 19 ,  2 2 ,  2 3 ,  3 0 ) . G 6P D  c at a l y z e s  t he 

dehydr o genat i on o f  g l u c o s e  in the hex o se monophosphate shunt 



(HMP} and gene rates NADPH , wh i ch i s  requ i red as a hydrogen 

s ource f o r  f at t y  ac i d  b i osynthe s i s  ( 2 9 , 30} . Ma l i c en z yme 

cata l y z e s  the o x i dat i o n o f  ma l ate wh i c h  a l s o  provides NADPH 

( 2 9 ,  3 0} . 

The purpo se of the pre sent study was t o  e l u c i dat e the 

e f f e ct s o f  e x e r c i s e  and/or feed rest r i ct i o n throughout l i fe 

on l i ver and adipose t i s sue l ipogene s i s  and l ip o ly s i s  i n  

rat s . The hyp othe s i s  of t he st udy were : 

1 .  l owe r adu l t  body we i ght and body adip o s i t y  wou l d  

b e  obt a ined f o r  d i et r e s t r i c t e d  than f o r  ad 

l i b i t um- fed rat s. 

2 .  a de c re a s e d  rate of l ipogene s i s  and an i nc re a s e d  

r a t e  o f  l i p o l y s i s  would b e  obse rved i n  d i et 

rest cted an ima l s . 

3 .  l o wer adu l t  body adipo s i ty and we i ght and a l s o  

l o we r l ipo gene s i s  but h i gher l i p o l y s i s  wou l d  be 

obt a i ned f o r  exerc i sed t han f o r  non-ex e r c i s ed 

r at s . 

4 .  l o wer adu lt body we i ght and adipo s i t y ,  dec reased 

rate o f  l i pogene s i s ,  and i n c re a s e d  r a t e  of 

l ipo l y s i s  wou l d  be obt a i ned i n  d i et - r e s t r i ct e d  

e xe r c i s ed an ima l s  t h a n  ad l i b i t um non-exe r c i s e d 

anima l s . 

5. body we ight , adipo s i t y ,  and l ipogene s i s  wou l d  

de c re a s e  with age : l ip o l y s i s  wou l d  i n c r e a s e  w i t h  

a ge. 

3 
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CHAP TER I I  

REVIEW OF THE L I TERATURE 

Fatty Ac i d  B i o synthe s i s : 

The f ormat i on o f  l ong chain fatty a c i d s  from acety l - CoA 

may be termed l ipogene s i s ,  and repre sent s de novo synthe s i s . 

The synthe s i s  oc curs i n  the cytoplas m . The synthe s i s  i s  

c at a l y z e d by t w o  en zyme s y s t ems wh i ch fun ct i o n i n  sequenc e ,  

name l y  a c e t y l -C oA c arboxyl a s e  and f at t y  a c i d  s ynthet a s e . 

L ipogene s i s  t a kes place in many organs s u c h  a s  l i ver , bra i n ,  

k i dney , and adipose t i s s ue . The pro c e s s  requ ire s  NADPH , 

++ 
ATP , and Mn as c o factors and HC03 as source of C02 ( 35) . 

The mai n  end product i s  palmi t ate (2 4). As F i gure 1 show s , 

a cetyl - C oA i s  c arbo xylated t o  mal onyl -CoA by t he C02 

pro v i de d  by b i c arbonat e .  I n  a n ima l s ,  a l l c arbon atoms o f  

fatty a c i ds c ome from a c et y l - C oA .  The first c ontro l l i n g  

s t e p  i s  the c arboxy l at i on of a c et y l - CoA t o  y i e l d  ma l on y l -

C oA, c at a l y z e d  b y  acet y l - CoA c arboxyl a s e . The synthe s i s  i s  

i n i t i a t e d  b y  a m o l ecu l e  o f  acetyl -CoA wh i ch fun c t i ons a s  a 

pr imer. The c arbon chain i s  t hen e l ongated by s u c c e s s i ve 

addi t i o n o f  two c arbons from ma l onate wh i ch are der i ve d  from 

ace l y l - C oA . The overa l l  rea c t i on may be i nd i c at e d  a s : 

8Ac e t y l -CoA + 1 4 NADPH + 1 4H+ + 7ATP + H20 
Biotin ) 

P a lmit ate + 8 C oASH + 1 4 NADP
+ 

+ 7ADP + 7 P i  
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The reduc i ng equ i v a l en t s  f o r  fatt y a c i d  synthe s i s  are 

prov i de d  by NADPH, wh ich i s  de ri ved f r om g l u c o s e - 6 -pho sphate 

(G 6P ) o x i dat i on by the hexo semonopho sphat e shunt pathway 

(HMP ) . The HMP shunt and f atty a c i d  s ynthe s i s  pathways are 

found in the c yt opl asm of the l iver and adip o s e  t i s s ue 

c e l l s ,  so there i s  no membrane-permeab i l i t y  b a r r i e r  t o  the 

t r an s fer of NADPH/NADP from one pathway t o  the other . 

A change i n  the rate of fatty a c i d  synthe s i s  c o u l d  

r e s u l t  i n  a change in the rate of product i on o f  NADPH (35) 

becau s e  fatty a c i d  synthe s i s  requ i r es NADPH a s  a reduc ing 

agent . Thus , me asu r i n g  the act ivity o f  e n z yme s i n  t he HMP 

shunt i nv o l ved i n  the pr oduct i on of NADPH wou l d  be 

a s s o c i at e d  with l ipogen i c  a c t i v i t y ,  i . e . , the a c t i v i t y  o f  

G 6 P D  c o u l d  r e f l e ct rat e s  o f  fatty a c i d  s ynthe s i s. 

G 6 PD c at a l y z e s  the rst react i on in HMP , o x i d izin g G 6 P  

t o  6 -pho sphog l u c ono l a c t on e  ( 6P G) and reduc i ng NADP t o  NADPH 

(Figure 2 )  (35 , 3 6 ) . There fore , 6PG is often refe rred to as 

the pr oduct o f  the G 6 PD c at a l y z e d react i on (3 7) . 

E s sent i a l l y  the react i o n  i s  i r rever s i b l e  (3 8 )  . Almost a l l  

an imal t i s sues , e spe c i a l l y red b l o o d ce l l s ,  adipo se t i s s ue , 

and l a c t at i ng mammary g l and show high G 6 P D  act i vi t y . Le s s  

G 6P D  a c t i v i t y  oc curs i n  the l i ve r ,  pancre a s ,  k i dn e y ,  and 

lungs then i n  the mammary gl an d,  red blood c e l l s ,  and 

adipos e  t i s su e  (3 7 ) . 
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Fatty Ac i d  Synthe s i s  and Exe r c i s e : 

A number o f  inve s t igat o r s  have found de c r e a s e d  

l ipogen i c  a c t i v i t y  a s  a r e s u l t  o f  exer c i s e . Ri chards and 

Trayhurn ( 2 9 )  ob s e rved dec re a s e d  r at e s  o f  f at t y  a c i d  

s ynt he s i s  i n  t he l iver and adipose t i s su e  o f  rna m i c e  wh i ch 

s wam 2 h dai l y  f o r  2 8  days . When male r a t s  were t r a i ne d  on 

a t readmi l l  for 1 3  week s ,  a dec r e a s ed r a t e  of l ipogene s i s  

was ob s e rved i n  l iver and adipose t i s su e s  ( 3 9 ) . Whethe r 

exe r c i se was forced,  as in t re adm i ll running ( 3 9 , 4 0 ) , and in 

swimm i ng ( 2 9 , 3 2 ) , or not f o r ced, as anima l s  having free 

a c ce s s  t o  a running wheel ( 3 1 , 4 1 ) , s im i l ar de c rement s in 

f at t y  a c i d  s ynthes i s  were obs e rved . 

P r e sumab l y ,  one o f  t he r e a s ons f o r  de c r e a s e d  fatty a c i d  

s ynthe s i s  a f t e r  phys i c a l  work i s  t o  spare d i e t a r y  

c arbohydra t e  needed f o r  mus cle g l yc ogen rep l en i s hment 

( 3 2 , 4 2 ) .  Ri chards and Tr ayhurn ( 2 9 )  and Askew et a l . ( 3 0 )  

ind i c at e d  that c a rbohydrate i s  shunt e d  away f r om t he 

s ynthe s i s  o f  l ip i d  i n  favor o f  g l y c ogen storage a ft e r  t he 

t ra ining . I n  addi t i on ,  r at s may redu c e  fatty a c i d  s ynthe s i s  

dur i ng e x e r c i s e  t o  fac ilit at e c onse rvat i on o f  b l ood g l u c o s e  

and t o  p r o l ong endurance ( 25 )  . 

T s a i  et a l . ( 3 1 ) reported t hat exer c i s e  inc reased 

l ipogen i c  a c t i v i t y  i n  t h e  l i ver o f  the fema l e  hamst e r s . 

I nc r e a s e s  i n  l ipogene s i s  act i v i t y  were a l so ob s erved by 

Tokuyarna and Okuda ( 4 1 )  in fema l e  rat s allowed free a c c e s s  

t o  a runn i ng wheel f o r  f t y  day s ,  and b y  D ohrn et a l .  ( 4 3 )  
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in ma l e  rat s t r a i n ed by t r e admi l l  runn ing. The dat a o f  T s a i  

e t  a l . ( 3 1 )  sugge sted that i n  t ra ined hams t e r s  

met ab o l i sm had re ached a n e w  s t ate of equ i l ibr i um ,  i. e . , a 

h igh rate o f  l ip o l y s i s  and fatty a c i d  o x i dat i on du r ing 

act i v i t y  and a h i gh rate of l ipogene s i s  du ring rest . 

Ri chards et a l. ( 2 9 )  i nves t igated the e f fe c t s  of 

exerc i s e  t ra i n i ng on in vivo fatty a c i d s  sy nthe s i s  in m i ce . 

The s ynthe s i s  was det ermined by measur i ng t he i n c o rporat i on 

of t r i t i ated wat er into fatty a c i ds. The r e su l t s  indi c a t ed 

that l ong-t e rm e x e r ci s e de c reased the rate o f  l ip ogene s i s  i n  

the l iver and the adipose t i s s ues . 

Askew et al. ( 3 9 )  reported that e xhau s t ive exerc i s e  

de c r e a s e d  l ipogene s i s  in t he l i ver and adipose t i s s ue o f  

t ra i ne d ,  but not i n  untrained rat s . Howev e r ,  because the 

unt r a i ned rat s we re unab l e  to run as fast or as l o ng as the 

t r a i ned rat s ,  i t  is d i f f i cu l t  t o  state whe t he r  the 

d i f feren c e s  ob s erved we re due t o  t r ain ing induced metabo l i c  

change s o r  t o  the work l o a d  pe r fo rmed. T ra in e d  rat s had 

approximat e l y  a t wo- f o l d  inc rea s e i n  fatty a c i d  o x i dat i on 

and fat t y  a c i d  mob i l izat i on potent i a l  c ompa re d  t o  unt r a i n ed 

rat s. De c re a se d  l ipogenes i s  may be due to an i n c re a s e d  

l eve l o f  a c y l - C oA i n  adip o s e  t i s sue o f  t r a i n e d  anima l s  wh ich 

wou l d  i n h i b i t  t he act i v i t y  o f  a c e t y l - C oA c a rboxy l a se ( 3 9 )  . 

Askew et a l. ( 3 0 ) reported that l ong-term submaximal 

t ra i n i ng i n c re a s e d  the abi l i t y  o f  the body t o  mob i l ize and 

to ox id ize f a t t y  a c i ds . The se inve st i gat o r s  t e st e d  the 
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effe ct o f  d i et , t ra i n ing,  a n d  exhaust ive e xe r c i s e  o n  enzyme 

ac t iv i t i e s  re l at e d  to l ipogenes i s . They repo rted a 

s ign ifi c ant di et - t ra i n ing intera c t i on for t he l ip ogen i c  

e n z ymes in t he l iver but not in t h e  adipose t i s su e  of rat s 

fed h i gh and l ow c arbohydrat e d i et s . The r e a s on for t h i s  

d iffe rent i a l  re sponse t o  t ra in i ng for t h e  r at s fed the h i gh 

c a rbohydrate d i et i s  not c l e a r . The r e su l t s  of t h i s  st udy 

ind i c a t e d  t hat p r i o r  phy s i c a l  t r a i n ing c an influence the 

r e spon s e  of hepat i c  l ipogen i c  en z yme s t o  d i et . I n  t ra i ne d  

rat s ,  d i e t a r y  g l u c o s e  appe a r s  t o  b e  d i rected more t oward the 

s ynt he s i s  of g l y c ogen rather than to l ip i ds . Th i s  i s  a 

benef i c i al adapt at i on t o  phy s i c a l  t ra i n i n g ,  a c c o r d ing t o  

Askew e t  a l . ( 3 0 ) , because there i s  a l o s s  of energy t o  the 

an ima l dur ing the conve r s i on of g l u c o s e  t o  fat . 

I n  c on t r a s t  t o  t he above there have been s t u d i e s  

showing i n cr e a s e s  in l ipogene s i s  as a r e s u l t  o f  t ra i n i ng . 

T s a i  e t  a l . ( 31 )  l o oked at the effect of t erminat i on of 

exerc i se on fatt y  a c i d  s ynthe s i s  in fema l e  hams t e r s . 

Hepat i c  l ipogene s i s  i n  t he t ra i ned anima l s  w a s  h i gh e r  t han 

in the unt r a i n e d  anima l s . The re was a s i gn i f i c ant i n c r e a s e  

in the rate o f  fat t y  a c i d  s ynthe s i s  a n d  in t he act i v i t y  of 

l ipogen i c - re l at e d  en z ymes in t he l iver du r i ng t he exerc i s e 

p e r i od. Therefore , in t ra ined hams t e r s  fat met ab o l i sm 

reached a new s t a t e  of e qu i l ibr i um ,  i . e . , a h i gh r at e  of 

l ipo l y s i s  and of B- o x i dat i on dur i ng phy s i c a l  act i v i t y  and a 



h i gh r a t e  o f  l i pogen e s i s  dur ing rest r e s u l t ing in 

rep l e n i s hment of dep l e t e d  t i s sue t r i g lyce r i de s . 
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Tohuyama and Okuda ( 41) a l s o  found a 3-fo l d  incr e a s e  in 

l ipogenic act i v i t y  in the l i ve r  and adipo s e  t i s su e  of 

exerc i s e d  rat s. Because the s ynthe s i s  o f  f a t t y  aci ds i s  

s t i mu l at ed by i n s u l i n ,  the concent rat i on o f  t h i s ho rmone in 

t he s e rum w a s  mea sured; no d i f fe rence i n  i n s u l i n  

concent rat i on w a s  foun d between t h e  groups . I t  w a s  

concl uded t h a t  t he incre ased f a t t y  aci d  s ynthe s i s  i n  t he 

t ra i ned rat s w a s  secondary to increa s e d  food i nt ake . The 

amount of body f at in t ra i ned rat s was le s s  t han that o f  

sedent a r y  r at s i n  spite o f  increa s ed food i n t a ke and 

l ipogen e s i s .  There fore , i t  was concluded t hat phy s ical 

act i v i t y  enhanced the t u rnover o f  fatty aci ds in t he bo dy. 

I n  r a t s exercised by swimm i n g ,  Scorpio et a l . ( 3 2) 

found a decr e a s e  in fatty aci d s ynthe s i s  as i n dicat ed by a 

lower rate o f  hep at ic ace t y l - CoA carbox y l a s e  act i v i t y . 

What eve r t he me an s b y  which acety l-CoA carbox y l a se i s  

regu l at e d ,  t he s e  inve st i g at o r s  v i ewed a s  a bene f i c i a l  

res pon s e . The regu l at ion o f  fatt y  aci d  s ynthe s i s  i n  t he 

l iver by e x e rci s e  coul d  cont r ibute t o  at l e a s t  t wo 

phy s i o l ogica l respon s e s . F i r s t , i t  wou ld he l p  spare d i e t a r y  

carbohydrat e ,  cruc i a l  f o r  mu scle g l ycogen rep l en i s hment 

a ft e r  endurance work . Second, i t  wou l d  comp l ement hepat i c  

f at t y  aci d  o x i dat i on ,  which i s  increa s e d  
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dur i ng e x e rci s e  to provide ene rgy for conve r s i on of l act ate 

and a l an i ne to g l ucose in t he l ive r . 

Hart s oo k  and Mart in ( 4 0 )  evaluated t h e  e f fect s o f  

s imu lt ane ou s l y  varying envi ronment a l  t empe rature , percent o f  

diet d i l ut i on w i t h  non-nut r i t i ve ce l lu l os e  a n d  minut e s  o f  

dai l y  e x e rc i s e  ( t readm i l l  runn ing)  o n  body w e i ght gain and 

l ipogen ic r e l at e d  enz yme act i v i t i e s  in male r a t s .  G 6 P D  and 

ME act i v i t i e s  in t he l iv e r  and adipose t i s s ue were i ncreased 

in a l ow e x e rci se - h i gh d i et di lut i on regi men and a l s o  with 

h igh e x e rci s e - l ow diet d i l ut i on. However G 6P D  and ME 

act iv it i e s  i n  t he l i ver and adipose t i s sue were depre s s e d  

w i t h  the d i lut i on cond i t i on. F r om the s e  re s ul t s  the r a t e  o f  

fat t y  aci d  s ynthe s i s  appe ared t o  decr e a s e  a s  t h e  l evel o f  

e x e rci s e  increased u p  t o  a ce rt a i n  point o f  e x e rt i on .  

The r e a ft e r ,  t he t urnover o f  fatt y aci ds incre a s e d  and the 

net amount o f  fat depo s it e d  w a s  cont inuous l y  decre a s e d. 

App legate e t  al. ( 4 4 ) ex amined the ef fect s o f  f o rced 

exe rci s e  on the deve l opment of diet - i nduced obe s i t y  and the 

reve r s ib i l it y  o f  exerci s e - i nduced changes f o l l owing 

ret i rement from e x e rci se in Osbo rn-Mende l rat s. The s e  rat s 

were e x e rci sed by runn ing on a motordr i ven t re a dm i l l  wh i l e  

fed a h i gh f a t  d i et t o  in duce obe s i t y. E x e rci s e  d i d  

s i gn i f i cant l y  r educe adipose l ipogene s i s ,  t h u s  demon s t rat ing 

t hat mode rate e xe rci s e  can attenuate d i e t - i nduced obe s i t y . 

Thu s ,  the re s u l t s o f  v a r i o u s  stud i e s  on t he effect 

e x e rci s e  has on l ipogene s i s  are n ot con s i st ent. Richards 
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and T r ayhu rn ( 2 9 ) s ugge s t e d  s ome reasons f o r  the s e  

di screpanci e s . There have been d i f ference s i n  t he spec i e s  

and / o r  s e x , t he t ime o f  day when t he mea s u rement s o f  fatty 

aci d synthe s i s  were performe d ,  and t he p a r t i cu l a r  t i s sue 

analyzed among the s t udi e s . Al s o  diffe rent r at e s  o f  fatty 

aci d synthe s i s  cou l d  be account e d  for by v a r i at i on s  in f o od 

i nt ake and t r a in i ng ,  o r  by inte ract i on bet ween t hem . A l l  

t he s e  f act o r s  cou l d  be p l a y ing a r o l e  i n  cau s i n g  the 

d i f fe rence s ob s e rved in t he v a r i ous studie s .  The re f ore , the 

mechani sms by wh ich exerci se a f fect s l ip i d  synt he s i s  are not 

c l e a r l y  e s t ab l i shed . 

Fatty Aci d  Synthe s i s  and D i et a ry Re st r i ct i on :  

To e x amine t he e f fect o f  feed re s t r i ct i on on 

l ip ogene s i s ,  Leve i l l e  ( 1 9) i nve s t igat e d  the e f fect s of 

rest r ict ing acce s s  to food to a s ingle 2-h pe r i od each day 

ove r an ext ended pe r i od of t ime . I n  v it r o i ncorpo rat i on o f  

g l uc o s e-u-
1 4

C into fatty acids o f  epi d i dyma l  adipose t i s s u e ,  

as wel l  as activity o f  l ipogenic r e l ated enzymes s uch as 

G6P D in t he l iv e r  and adipose tis s ue,  were mea s u re d . 

L ipogenic capacity o f  adipo s e  t i s sue from me a l-fed anima l s  

was sign i f icant l y  great e r  t han that o f  adipo s e  t i s sue f r om 

n ibb l ing rat s th roughout t he 1 8 -mo study p e r i od . Activity 

o f  G6PD was h i gh e r  in adipose and l iv e r  t i s s u e  o f  meal-fed 

as compared t o  ad l ib i t um-fed anima l s . P r e s umab l y ,  the 

i ncr e a s e  i n  the act i v i t i e s  of these enzyme s is re l ated t o  

t he i ncre a s e d  requ i rement f o r  NADPH t o  s upport f at t y  acid 
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s ynthe s i s  ( 4 5 ) . Howeve r ,  i t  i s  import ant t o  note t h a t  the 

a ct iv i t i e s  o f  t he se e n z yme s do not regu l at e  l ipogenes i s  but 

s erve a s  an index ( 1 9 ) . A h i gh degree of p o s it i ve 

c o r r e l a t i on bet ween l ipoge n i c  c ap a c i t y  and the a c t i v i t y  o f  

G6PD h a s  been obs e rve d . Leve i l le (1 9 )  p o inted out t hat 

mea l-fed an i ma l s  were abl e  to i n c r e a s e  c onve r s i on o f  

c arbohydrate t o  fat a t  a greater rate t han a d  l ib i t um-fed 

anima l s . 

St even s on et al . ( 2 0 )  inve s t igated the e f fe c t  o f  

l im i t i n g  feed int ake t o  2 h p e r  d a y  f o r  1 0  wee k s  on 

l ipogene s i s  in the adipose t i s sue of r at s . The i r  re s ult s 

sho we d  t hat feed-re s t r i ct e d  rat s had s igni f i c ant l y  l e s s body 

we i ght t han ad l ib it um-fed r at s. 
14 

Acetate 1- C 

i n c o rp o r at i on into l ip i ds in adipose t i s s ue w a s  

s i gn i f i c ant l y  i n c re a s ed in re st r i ct ed-fed a s  c ompared t o  a d  

l ib i t um-fed animal s .  Tot a l  body f at o f  feed-re s t r i cted 

anima l s  was l e s s  than t hat of c ont r o l  animal s .  Ho l l i f i e l d  

e t  a l . (16) a l s o  repo rted that limit ing feed i n t a ke t o  2 h 

dai l y  i n c re a s e d  l ipogene s i s  ma rkedly, i . e . , i n c r e a s e d  

i n c o rp o rat i on o f  a cet at e-1-C
14 

into l ip i d s  by a d i p o s e  

t i s sue . Thu s i t  wou l d  appear that feed r e s t r i c t i on slo w s  

t he r a t e  o f  body we ight g a i n  a n d  decre a s e s  t he amount o f  

body fat through change s i n  t he net metabol i c  b a l ance o f  f a t  

s ynthe s i s  and degradat i on . 



Fatty Ac i d  Synthe s i s/Degra dat i o n and Agi ng : 

Stud i e s  on t he rate o f  fatty a c i d  s ynthe s i s  and/or 

degradat i o n  have been done on the i s o l ated a d ipo c y t e s  from 

young and o l d  rat s . Jamda r et a l . ( 4 6 )  reported that the 

rat e of synthe s i s  of glyce r i de - g l ycero l ( a  measure o f  

t ri a c y l g l y c e r o l  produc t i o n )  and o f  fatty a c i ds was more 

rap i d  i n  l a rge r ( o l d  rat ) than in sma l l e r ( y oung rat ) 

1 5  

adipocyt e s . Howeve r ,  other inve st igat o r s  ( 4 7 , 4 8 )  found t hat 

in l arger ( 5 6 - 6 0  week s  o l d  rat s )  a s  compared with sma l l e r  

( 6 -9 we e k s  o l d  rat s )  adipocyt e s ,  the synthe s i s  o f  fatty 

14 
a c i d s  from acetate- 1- C ,  pyruvat e ,  o r  g l u c o s e  was redu c e d  

wi thout any a f fect o n  t h e  pr oduct i on o f  g l y c e r i de - glycero l .  

Gammers et a l . ( 49 )  reported t hat in adipo cytes o f  growing 

anima l s  t he metabo l i c  a ct i v i t y  i s  about 4 to 5 t imes greater 

t han obse rved in adult anima l s . In fact , du r i n g the growing 

pe r i o d  the synthe s i s  o f  fatty a c i ds is very imp o rt a nt and 

a l l ows the e n l argement of the ce l l .  From mat u r i t y  t o  

sene s ce n c e  the dec l ine in ba s a l  glucose ut i l i z at i on i s  

ach ieved pr i mar i l y by a de crease i n  fatty a c i d  synthe s i s  

a c c omp anied by a hi ghe r rate o f  l ipol y s i s  i n  anima l s  ( 49 ) . 

Th i s  r e duct i on o f  carbohydr ate met abo l i sm c o u l d  be a 

b i o chem i c a l  feedback that prot e c t s  the c e l l  aga inst t o o  much 

enl a rgement that threatens t he survival o f  t he ce l l  i t s e l f  

( 4 9 )  • 
Few data on the deve l opment of l ipo l yt i c  act ivity have 

been reported . Most of t he pre se nt know l e dge o f  adipose 
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t i s s ue l i p ol y s i s  has been de r ived from stu d i e s  o f  y oung 

adu l t  or ful l y  mature rodent s ( 5 0 -52 ) and humans (53, 54 ) . A 

bas al l e ve l  o f  l ip o l ys i s  o c c u r s  cont i nu ou s l y  i n  fat c e l l s  o f  

young adu l t s a n d  mat ure rat s and t he r a t e  o f  l ip o l y s i s  i s  

i nc r e a s e d  i n  f a st ing (55 ) . Becau s e  o f  the l ow l ev e l  o f  

g l y c e r o l  k in a s e  i n  adipose t i s sue, very l i tt l e  o f  the 

g l y c e r o l  produced by intra c e l l u l a r  l ip o l y s i s  c an be 

reut i l i z ed t h r ough reph ospho ryl at i on by the fat c e l l s . 

The r e f o re, r e l e a s e o f  gl ycero l from adip o s e  t i s s ue i s  a good 

i ndex of l ip o l y s i s  (5 6 )  . 

Several studies have reported that age a s  wel l  a s  fat 

ce l l  s ize, may be an import ant determinant o f  ba s a l  

l ip o l yt i c  act i v i t y  (57-59 ) . Gruen et a l . ( 5 0 ) reported that 

tot a l  g l y c e r o l  re l e a s e  per ep i d i dyma l fat pad o f  rats was 

increased a s  t he rat s reached o l de r  age up to 1 3 0  days . 

Al s o, t hey i n d i c ated that t o t a l  g l ycero l r e l e a s e  i n  

ep i di dyma l  f a t  pads o f  fasted rat s was h i gher than that i n  

fed an imal s. Bert rand e t  al . ( 59 )  i n d i c a t e d  th at l ip o l y s i s  

increased l at e  i n  the l i fe o f  rat s . Thi s  age - r e l ated 

increase was n ot modu l ated by d i e t a ry re s t r i c t i o n . 

K l e i n  et a l . ( 6 0 )  inve s t igated the regu l at i on o f  

l ipo l y s i s  du r i n g  short t e rm f a s t i n g  in human s . They 

rep o rted t hat dur i ng f a s t i n g  there is a de c r e a s e  in i n s u l in 

and an i n c r e a s e  i n  epinephr i ne wh ich s t imu l at e s  l ip o ly s i s  in 

adip o s e  t i s su e  res ult ing i n  an i n c reased r e l e a s e  o f  

g l y c e r o l ,  wh i c h  i s  c onve rted t o  g l u c o s e  i n  the l ive r, and 
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Apparent l y ,  

body comp os i t i on i n f l uence s the sens i t i vi t y  o f  adipose 

t i s sue , i . e . , t he rate of l ip o ly s i s  p e r  un i t  o f  f at ma s s  i s  

regu l at e d  t o  meet the needs o f  l e an body ma s s . 

In s ummary , there i s  l ack o f  agreement among 

inve s t i g at o r s  as to wheth e r  exerci s e  i ncr e a s e d  or decre a s e d  

l ipogene s i s  i n  t he l iver and/or adipo s e  t i s sue. Al s o ,  i t  i s  

not c l e a r  whether feed re s t r ict i on e l evated o r  reduce d  

l ipogen ic act i v i t y  in the l i ver and/or adipo s e  t i s su e . 

Reduct i on in body we i ght and in body fat in e x e rci s e d  y oung 

l ab orat o ry anima l s  are we l l  document ed,  but whether s im i l a r  

change s occu r i n  aged anima l s  i s  not c l e a r . Change s in 

l ipogene s i s  and r e l at e d  en z ymes act i v i t i e s  w i t h  age are not 

conclu s i ve. There has been no r e s e a rch t e st i n g  the 

i n f luence o f  both feed re s t r ict i on and e x e rci s e  on 

l ip ogene s i s ,  l ip o l ys i s ,  and fat t i s s ue accumu l at i on 

thr oughout t he l i fe span o f  rat s .  I t  i s ,  t he r e fore , the 

ob j ect of t h i s  study to inve s t i gate the e f fect of d i e t a r y  

rest ct i on a n d  exerci s e  on these parame t e r s  throughout t he 

l i fe span o f  r at s . 
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CHAP TER I I I  

EXPERIMENTAL PROCEDURE 

Gen e r a l  Out l i ne o f  Re s e a rch : 

Thi s s t udy was i n i t i at e d  t o  a s se s s  the e f fe c t  o f  l ong­

t erm d i et a ry rest r i c t i o n  and e x e rc i s e  on adipose t i s sue ma s s  

and i t s  r e l at i onship t o  l ip ogene s i s  and l ip o l y s i s  i n  a g i ng 

r at s . Lipogenes i s  w a s  e s timat e d  by mea s u r ing the in v i t r o 

rate o f  f a t t y  a c i d  s ynthe s i s  and G 6P D  a c t i v i t y  i n  the l i ver 

and the adipose t i s su e ;  l ip o l y s i s  was e st imated by mea s u r i ng 

the r e l e a s e  of gl ycer o l  in the l iver and adipose t i s sue . 

F in a l l y  the g r o s s  ba l ance o f  the t wo p r o c e s s e s  w a s  e st imated 

by me a s u r ing body fat acc umu l at i o n  per i rena l l y  and 

epi d i dyma l ly . The me asu rement s were done on a nima l s  that 

were d i et r e s t r i cted or fed ad l ib i tum and/or that were 

exerc i se d  or a l l owed to be sedent a ry . 

P at hogen free wean l ing ma l e  rats o f  Wi s t a r  o r i g in were 

obt a ined f o rm Taconic Laborator y1 German T own1 New York . 

Anima l s  were hous e d  indi v i du a l l y  in w i re mesh s t ain l e s s  

s t e e l  c ages ( 2 0  em X 2 0  em X 2 6  ern) . The animal f ac i l i t y  

w a s  maint a i ne d  a t  2 2 °  ± 2 °C ,  with a 1 2  h l i ght - 1 2  h dark 

c y c l e . Wat e r  wa s prov i de d  ad l ibitum . The re were four 

e xpe r i ment a l  group s: 

A :  Ad l ib i t um - f e d1 non-exe rc i se d  c ont r o l s  ( n =3 5 )  

R :  D ie t  r e st r i cted by i n t e rm i t t ent feeding,  n on­

e x e rcised ( n=3 5 )  
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AE: Ad l ib i tum- fed, exer c i s e d  by s w imming on a l t e rnat e 

days ( n= 35 ) 

RE: D i et r e st r i ct e d  by intermittent feeding,  e x e r c i sed 

by swimming on a l t e rnate day s ( n= 3 5 ) 

The anima l s  were we i ghed wee k l y  unt i l  6 mos o f  age , 

b i we e k l y  up t o  1 2  mo s and monthl y therea ft e r . The diet fed 

was g r ound Purina Rodent Chow. D i et r e st r i c t i on was 

a chieved by feeding t he rat s on a lt e rnate day s . Feed cups 

were p l a ce d  i n  the cage s  at 9 : 0 0  a.m. and removed a t  9 : 0 0  

a . m .  the f o l l owing day . 

The exe r c i s ed r at s  s wum in groups o f  5 i n  2 0  l iter 

p l a s t i c  b a r re l s  ( 5 0  em X 6 8  em ) in the morn ing on a l t e rnate 

days. Wat e r  t emperature wa s maintaine d  between 3 3°- 3 6°C . 

Swimm i ng was begun at 6 we e k s  o f  age , i n i t i a l l y  f o r  a 1 0  min 

per i o d  and i n c reased 10  min da i l y  unt i l  3 . 0  h was reached at 

3 mo o f  age . F rom 3 t o  1 5  mo o f  age the r at s  s wum 3 h on 

a l t ernate days . At 1 5  mo o f  age , t he s w immi ng pe r i od was 

dec r e a s e d  to 2 . 0  h, at 2 0  mo to 1 . 5 h,  and at 2 6  mo to 1.0 h 

on a l t ernate days . The RE rat s s wum p r i o r  t o  being fed. 

S wi mming was c ont inued t hroughout t he exper iment a l  per i od ,  

i . e . , unt i l  the anima l s  were s a c r i f i c e d  f o r  b i o chem i c a l  

analy s i s . At 1 2 - ,  1 6- ,  2 0 - ,  2 4 - ,  a n d  2 8 -mo o f  age , 6 rat s 

r andom l y  s e l ected from each o f  the exper iment a l  g r oups were 

k i l l e d  for b i o chem i c a l  determinat i ons. 

The R and RE rats were a l l owed to feed the day and 

n i ght before the " k i l l "  day ; no r a t s  s wum on that day . Feed 
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cups were removed from a l l  c ages 2 h pr i or to the ki l l  time . 

Rats were s tunned by a b l ow to the head, fol l owed by 

dec apitati on . The l iver, epi di dymal and peri rena l  fat pads 

were removed and wei ghed . L i ver and epi dy d i m a l  t i s sues were 

ana l yzed for enzyme activ i ty, f atty a c i d  s ynthes i s , and 

g l ycerol rel ea s e . 

Prepa ration of L i ver and Adipose Ti s sue Homogenates : 

I mmed i atel y fol l owing exc i s i on, of the l iver s and the 

a d i pose ti s sues they were b l otted wi th f i l ter paper to 

remove excess b l ood and weighed . Approx imatel y 2 5 0  mg of 

ei ther the l iver or the l eft epi d i dyma l  f at pad t i s sue wa s 

added to EDTA- s a l ine (see reagents) at a d i l ut i on of 1 mg 

t sue {wet wei ght) per 0 . 0 4 m l  of EDTA s a l ine . Thi s  wa s 

kept on an i ce bath and homogen i zed for 2 m i n  u s i n g  a 

Potter-E l vehjem homogen i zer . The homogena tes were then 

centr i f uged for 2 0  m i n  a t  2 0 0  x / g  at 0 °C . The c l ea r  

supernatant f r a ction s  were dec anted i nto v i a l s  a n d  kept on 

i ce unti l a s s a yed ( n ormal l y  within an h) . 

Method f or Enzyme As s ay :  

G 6PD activ i ti es of rat l iver and a d i pose t i s s u e  

supernatant fra ction s  were determined by the method of Lohr 

and Wa l l er (37 ) . The ba s i s  of thi s  method i s  the 

spectrophotometr i c  mea s urement of the r ate of NADPH 

formati on from the i n crea se in absorbance at 3 4 0  nm . 

Actu a l l y ,  the NADPH produ ced i n  the ana l y s i s  i s  the r es u l t  
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of dehydrogenat i on of G 6P and a subs equent react i on ,  i . e . , 

the dehydrogenat i on o f  6-phosph o g l uc onate ( 35) . Neve r-the-

l e s s ,  the det erminat i on o f  NADP H  is indi cat i ve of G 6PD 

act i v i t y  and the reduc ing power avai l ab l e  f o r  fat synthe s i s . 

Reagent s :  

1 .  T r i et hano lamine buffer ( 0 . 05M; pH 7 . 5): 0 . 9 3 g 

t r i ethano l amine hydr o c h l o r i de and 0 . 2  g ethy l e n e - di amine-

tetra ac e t i c  ac i d  (EDTA-Na2• H20 )  was d i s s ol ve d  i n  50 ml 

di st i l l e d  wat e r . Thi s was adju sted t o  pH 7 . 5 w i t h  0. 1 N  NaOH 

and d i l ut e d  t o  1 0 0  m l  with d i s t i l led wat e r . 

2 .  EDTA- s a l i ne: Phys i o l o gic a l  s a l i ne c ont a i n in g  

6 . 6 X 1 0
-4

M E DTA w a s  made by d i s s o l vi ng 0 . 25 g E D TA-Na2•H20 i n  

phys i o l og i c a l  s a l ine and d i l uted t o  1 0 0 0  m l . 

3 .  G 6P ( c a . 4 x 1 0-2
M G 6 P ) : 1 3 0 mg G l u c o s e - 6 -

phosphat e-Na 2 was di s s o lved in 1 0  ml d i s t i l l e d  wat e r . 

4 .  -
2 

NADP ( c a . 3x 1 0  M) : 25 mg B-N i cot i n am i de a denine 

dinucle ot i depho sphate- NaH2 was di s s o lved i n  1 . 0  m l  1 %  NaHC0 3 

s olut i on . 

P ro c e dure : 

The react i on mi xture was prepared c o nt a i n ing 2 . 4 0 ml 

t r i e than o l - amine buffe r ,  0 . 5 0  ml supe rnat ant o f  t he l i ver o r  

adip o s e  homogen at e s ,  0 . 05 m l  G 6 P  s o lut i o n ,  and 0 . 05 m l  NADP 

s o l ut i on i n  a f i n a l  v o l ume o f  3 m l . B l anks c o n s i sted o f  a l l 

the re agent s e x c ept NADP . 



The react i on was i n i t i ated by adding the G 6 P  s o l ut i on 

t o  the b l an k  an d sampl e  tube s. The content s were poured 

i nt o  qu art z cuvettes an d m i xe d  by pour i n g  back i nt o  t he 
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o r i g i n a l ,  t hen back to t he cuvet te . Then the ab s o rbance (A)  

o f  t he s amp l e  was me asure d  aga i n st the b l an k  at 3 4 0  nm in 

2 min i n t e rva l s  f o r  1 0  min w i t h  a spe ct rophot omete r  

( Be ckman Mode l 3 4 ) .  Det e rminat i on s  we re run i n  dup l i c ate . 

The e n z yme act i v i t y  o f  G6PD was expre s s e d a s  nmo l e s  

NADPH p r o du c e d  per min/g of prot e i n , a s  c a l c u l ated f r om the 

ext inct i on c o e f f i c ient ( E�
340 ) o f  NADPH a s  sh own i n  the 

fo l l owing equat i on :  

G 6PD act i v i t y  = 

( E/mi n )  X 3 

� 6.2 ( E  340 ) X ( g  P r o/ 0 . 5  m l  s upernat ant f l u i d )  

Det erminat i o n  o f  T i s sue P r otein : 

The prot e i n  cont ent o f  the homogenate s upernat ant was 

det ermined by the method of Ohn i sh i  and Barr ( 6 1 )  wh i c h  is a 

modif i c a t i o n  of the Lowry method (62 ) . The prote in s amp l e  

i s  mi xed f i rst with a di l ute b i uret reagent f o l l owed by 2N 

phe n o l  re agent for c o l o r  deve l opment . 

Re agent s :  

1. Bi uret reagent : 1 . 5  g Cu S04•5H2 0 ,  6 g NaKC4H40 6• 

4 H2 0 ,  and 3 0  g NaOH and 1 g K I  were di s s o l ve d ,  i n  orde r ,  and 

di l ut e d  t o  1 l i t e r  with dist i l l e d  wat e r  and s t o re d  in a 

pol yethy l ene bott l e . Th i s  w a s  di l ut ed e i ght t imes with 2 . 3 % 



Na2C03 ( i . e . , 1 volume o f  b i uret reagent p l u s  7 v o l ume o f  

Na2C03 ) a t  t h e  t ime o f  analy s i s . 

2 .  2N Pheno l  re agent . 
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3 .  Bovine s e rum a lbum i n  ( B SA) st o c k  s t andard : 1 g 

bovine se rum a lbumin wa s d i s s o l ved in and d i l u t e d  t o  1 0 0  ml 

with 0 . 4  N NaOH . Wor k i n g  sta ndards we re prep a r e d  da i l y  by 

d i l ut ing t h i s  t o  a c oncent rat i on of 0 . 0 2 g bovine s e rum 

al bum i n  per 1 0 0  ml of 0 . 4  N NaOH . 

P ro c e dure : 

T o  0 . 8  ml o f  supe rnat ant, 3 . 2  ml o f  the di luted b i uret 

s o l ut i on was added . The m i xtur e was a l l owed t o  s t and f o r  1 0  

min at r o om t emperatu re . 0 . 1  ml o f  2N phe n o l  re agent was 

added wh i l e the s o l ut i o n was mixed u s ing a vortex m i x e r . 

The prot e i n  st andards c o nt a i n i ng bovine se rum a l bumin re c e i ved 

t he s ame t re atment a s  the supernat ant s f r om t he s amp l e s . 

Aft e r  3 0  min, the abs o rbance o f  the s amp l e s  and 

standards was read in a spe ct rophot ometer at 55 0 nm aga i nst 

a bl ank c o nt a i n i ng a l l  reagent s except 0 . 8  ml wat e r  wa s u sed 

i n  pl ace of the supe rn at ant . The prot e i n  c on c ent r at i on o f  

t h e  s amp l e s  w a s  c a l cu l ated b y  the f o l l owing f o rmu l a : 

Mg P r ot e i n/ml supernat ant 

A S ampl e 
X 0 . 2  mg P r ote in/ml X di lut i on f a c t o r  

A S t andard 



Det e rm i n at i on o f  Fatty Ac i d  Synthe s i s: 

The rate o f  fatty a c i d  s ynt he s i s  i n  the l i ver and 

adipose t i s sue was det ermined by the method of Leve i l l e  

( 6 3 - 65 ) . The b a s i s  o f  t h i s method i s  the i n co rporat i on o f  

r a d i o act i ve l ab e l e d  c arbon o f  acet at e  ( acetate- 1 -
1 4

C )  i nt o  

fat t y  a c i d  wh i c h  i s  s ynthe s i z e d  i n  v i t ro i n  the l iver or 

adipo s e  t i s sue by co unt per m i n/g o f  t i s s ue ( wet we ight ) . 

Reagent s :  

1 .  Ca
++ 

free Krebs ri nge r b i c a rbonate buf fer: 

a .  NaC l , 0 . 154M: 9 g o f  NaC l was d i s s o l ved i n  

1 0 0 0  rn l  o f  d i s t i l l e d  wat e r . 

b .  KCl , 0 . 154M : 1 1 . 5  g o f  K C l  was d i s s o lved i n  

1 0 0 0  rnl o f  d i st i l l ed water . 

c .  KH2 P04 , 0 . 154M: 2 1 . 1  g o f  KH2P04 was 

dis s o l ve d  i n  1 0 0 0  rn l  o f  di s t i l l e d  wat e r . 

d .  MgS04•7H20 ,  0 . 1 5 4 M: 38 . 2  g o f  MgS04•7H2 0 was 

dis s o l ve d  i n  1 0 0 0  rnl of di s t i l l e d  wat er . 

e .  NaHC03 , 0 . 1 5 4 M : 1 3. 0  g o f  NaHC03 w a s  

d i s s o l ve d  i n  1 0 0 0  rn l  o f  d i s t i l l e d  water . 

To prepare the bu f fe r ,  the f o l l owing amount s o f  the 

s o l ut i on s  above were mi xed : 

1 0 0  part s o f  s o lut i on a 

4 part s o f  s o lut i on b 

1 p a rt s  o f  s o l ut i on c 

1 p a rt s  o f  s o lut i on d 

2 1  part s o f  s o l ution e 

2 4  



The f i n a l  vo lume o f  t h i s  mixed s o l ut i on was g a s sed w i t h  a 

mixture o f  5% C02 and 9 5% 02 f o r  1 0  mi n and was kept i n  

g l a s s  st oppered reagent bot t l e. The s o l ut i on w a s  prep a r e d  

w i t h i n  1 h o f  u s e  and s t o re d  i n  a refr i gerat o r. 

2 .  S o d i um acet at e ,  1 0  �/ rnl o f  bu f f e r , pH 7.4 : 1 . 3 6 

rng of CH3COON a• 3H20 ace t a t e  was d i s s o lved i n  1 rnl o f  t h e  

buffer. 
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3 .  Ace t a t e - 1  
4

C ,  .1 6 7  �C i / ml o f  bu f fer specif ic 

act i vi t y ,  2.1 rnC i /mrn : 5 0  �C i acetate- 1 -
14

C was d i s s o l ved i n  

5 ml o f  di st i l l e d  wat er a n d  5 0  �1 o f  t h i s  s o lut i on w a s  added 

to 2 rn l  of bu f fer. 

4 .  H2 S04 , . 2N :  5 . 5 9 m l  o f  conc ent rat e d  H2 S04 was added 

s l ow l y  to 1 0 0  ml of di st i l l e d  wat e r  and di l u t e d  t o  1 0 0 0  ml 

wit h di st i l l e d  wat er. 

5 .  Et hano l ic KOH , 5!<- . 0 • 5 g KOH was d i s s o lved in 1 0 0  rnl 

o f  9 5% ethanol. 

6 .  P hy s i ol ogic a l  s a l ine : 9 g NaC l was d i s s o lved i n  

1 0 0 0  m l  o f  di st i l l ed wat e r . 

7. Pet ro l eum ethe r . 

8 .  Hydroch l oric ac i d ,  concent rat e d ,  about 1 2 N . 

9. Sc i nt i l l a t i on s o l ut i on : 4 g of 2 , 5- D ipheny l ox a z o l e 

( PP O )  and 0 . 1 5 g o f  1 , 4- B i s (2- ( 5 - P heny l ox a z a l y ) ) Benz ene 

(POPOP ) we re d i s s o lved in 2 3 0  rn l  of ethan o l  and brought up 

to 1 l i t e r  w i t h  t o luene. 



P r ocedure : 

F r e s h  t h i n  per iphe r a l  p o rt i ons o f  the l e ft ep i di dyma l 

fat pads we i gh ing 1 0 0  mg and of l i ver s l i c e s  ( l e lat e r a l  

l obe ) we i gh i ng 2 0 0  mg were u s e d  t o  det ermine t he i n  v i t r o  

l ipogene s i s. The t i s su e s  were in cubated i n  2 . 0  ml of C a
++ 
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Krebs r inger b i c arbonate bu f fe r , pH 7.4 , c ont a i n i ng 1 0  

�a l e s  o f  s od i um acetate and 0.1 6 7  � C i  acet at e 1 -
14

C per ml 

at 3 8°C f o r  3 h under 9 5% 02 and 5% C02 in a s h a k i n g  wat e r  

bath ( 9 0 o s c i l l at ions p e r  m i nute ) .  I ncubat i on w a s  carr ied 

out i n  f l a s k s  with rubber st oppers. At the end of the 3 h 

incubat i on per i od 0.5 m l  o f  0 . 2N H2S04 was added t o  the 

medi um and shaking was c ont inued for 20 min t o  ensure 

t e rmi nat i on of the react io n. The t i s sues were r i n sed 5 

t ime s i n  c o l d  s a l ine and t r ans ferred t o  tube s c ont a i n i ng 2 

ml o f  5% ethano l i c  KOH. The t i s s ues we re s apon i fi e d  by 

re f l u x i n g at 8 5°C for 30 min. Then 5 ml o f  di st i l l e d  wat e r  

was added a n d  t he nonsapon i f i ab l e  l ip i d  fract i on w a s  

a c i d i fi e d  w i t h  HC l and t he fat t y  a c i ds were removed by th ree 

succe s s ive 5 ml extract i o n s  with petro l eum et her. The 

c ombined ether e x t r a ct s we re washed w i t h  wat e r  and the ether 

fract i on was t ran s fered t o  l i qu i d  s c i nt i l l at i on v i a l s. The 

ether was e vap o rated under a st re am o f  n regen and the 

fat t y  a c i ds we re d i s s o l ved i n  1 0  m l  of s c i nt i l l at i on 

s o l ut i o n. Al l samp l e s  were c ount e d  i n  a Beckman l i qu i d  

s c i nt i l l at i on count e r  (Mode l L S  1 0 0 C ) . The c ont r o l  was 

t reated t he same as s amp l e  except the t i s s u e  was i n cubated 



with out the radi oact i ve l ab e l e d  acet ate . Al l t h e  

det erminat i on s  were r u n  in dup l icate and t h e  r a t e  o f  f a t t y  

aci d  sy nt he s i s  was expre s s ed a s  CPM/g fre sh t i s su e  (wet 

we ight ) . 

De t e rminat i on o f  L ipo lys i s : 
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The rate o f  l ip i d  degradat i on in the l i ve r and adipo se 

t i s su e  was det e rmined by the met hods o f  Gruen e t  a l . (5 0 )  

and Bucc o la et a l . ( 6 6 ) . The b a s i s  o f  these met hods i s  the 

spect rophot ometr ic me a s u rement of glyc e r o l  which i s  re l e a sed 

by t he t i s su e s  a s  indicat e d  by increased ab s o rbanc e at 3 4 0  

nm . A St at - P ack enzymat ic t ri g l yc e r i de s - g l yce r o l  t e s t  ( 3  

vi a l ) k i t  prepared by Behring D i agnost ic s ,  1 0 9 3 3  North 

To rrey P i n e s  Roa d ,  LaJo l l a ,  CA 9 2 0 3 7 , wa s used for t h i s  

det ermi nat i o n . 

Re agent s :  

1 .  K rebs -Ringer b ica rbonate bu ffer cont a i n i ng . 4% 

C aC12 and 4% BSA pH 7 . 4 .  

a .  Krebs-Ringer buffer ( i ncluding f i n a l  

c oncent rat i on o f  . 4% C aC12 ) .  The preparat i o n o f  b a s ic 

Kreb s -Ringer was exp l ained f o r  fatty aci d  synthe s i s  

measu rement . 

b .  BSA,  4 % : 4 g o f  Bev in S e rum Albumin was 

d i s s o lved i n  t he f i n a l  v ol ume o f  the buf fe r . 

2 .  S t at -Pack enzymat ic t r i g lyce r i de s - g l ycer o l  t e s t  ( 3  

vi a l s )  . 



Vi a l  A (pH 7 . 1 ) : 

a. Phosphate bu f fe r ,  1 . 0  X 1 0
-1  

M 

b .  Adeno s i ne t ri pho sphat e , 3.3 X 1 0
-4 

M 

c .  Phosphoen o lpyruvat e ,  5. 3 X 1 0
-4 

M 

d .  P yruvate k i n a s e , 2 . 1  X 1 0
3 � 

e .  Lactate dehydrogen ase , 7.2 X 1 0
2 � 

f .  NADH , 2 . 2  X 1 0
2

M 

g .  a-chymot ryp s i n ,  9 . 8  X 1 0
3 � 

h. Magne s i um , 1 . 6  X 1 0
-3

M 

i. St abi l izer 
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Content o f  Vi a l  A was d i s s o lved i n  1 5  m l  o f  d i s t i l l ed water 

at the t ime of ana l y s i s . 

V i a l  B :  

2 
a. G l ycerol k i n a s e ,  6 . 6 X 1 0  u/1 

b .  S t ab i l izer 

The content o f  t h i s  v i a l  wa s d i s s o lved i n  . 5  m l  o f  di st i l l ed 

wat e r  at the t ime o f  an a l ys i s . 

P r o c edure : 

S l ice s o f  l i ver o r  o f  e p i d i dymal f at pads ( 4 5 0 - 5 0 0  mg ) 

were p l aced i n  a v i a l  cont a i n ing 3 ml o f  Krebs -Ringer 

b u f fe r . The t i s sues we re i n cubated f o r  2 h i n  a shaking 

wat e r  bath at 3 8°C unde r 9 5% 02 and 5% C02• Aft er 2 h ,  t he 

t i s su e s  were removed and the med i um was u s e d  f o r  g l yce r o l  

r e l e a s e  me asu rement . Three ml o f  reagent from v i a l  A was 

p ipetted in e ach cuvet t e ,  the cuvettes we re p l aced in a 
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wate r-bath f o r  3 m i n  which was s u f f ic ient t ime t o  bring the 

reagent to 3 0 °C . The s amp l e s  were a l s o  pre i ncubated f o r  the 

s ame l engt h  of t ime i n  the s ame bath. Me d i um from each 

s amp l e  ( 2 0 0  � 1 ) was added to e ach cuvette. The c ontent o f  

cuvette s  was mixed b y  inve rs i on and t h e  cuve t t e s  we re a g a i n  

p l aced i n  the wat er bath. Aft e r  5 min the cuvet t e s  were 

i n serted into the spec t r ophot omet e r  ( Beckman Mode l 3 4 ) . 

Ab s o rbanc e s  were me a s ured at 3 4 0  nm versus the b l ank which 

c ont a i n e d  a l l  t he reagent s except the s amp l e  which was 

rep l aced by wat e r . The i n i t i a l  absorbance (A0 ) was read and 

immed i at e l y  5 0  �1 of g l yc e r o l  k i n a s e  re agent (Vi a l  B) was 

added to e ach cuvette . The content o f  t he cuvet t e s  was 

m i xed and i ncubated at 30°C . E x act ly 1 0  m i n  a ft e r  adding 

g l ycer o l  k i n a s e , the final abs o rbance (A10 ) was read. The 

amount of g l yc e r o l  re l e a sed ( mg / d l ) was calcul ated pe r k i t  

i n st ruct i on s  ( 6 6 ) . 

Stat i st ica l Methods : 

The gen e r a l  l i near mode l (GLM ) procedure s o f  SAS 19 8 7  

( 6 7 )  were ut i l i z e d  t o  eva l uate the e f f ect o f  the d i etary 

re s t r ict i on ,  exerc i s e ,  and age on the t e st re spon s e s . Type 

I I I  s um o f  squares in mul t i p l e  regre s s i on an a l y s i s  we re 

calcu l at e d  to t e st the s i gn i f ic ance o f  the re l at i on sh ips . 

D i et , e x e rc i se ,  and age (cl a s s  v a r i abl e s )  were entered into 

the mode l s t at ement f i rst and the i nte ract i ons o f  vari ab l e s  

f o l l owed. Type I sum o f  s quares f o r  l in e a r ,  qu adratic and 
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cub i c  were c a l cu l at e d  f o r  the var i ab l e  age. P e a r s on 

c o r re l at i on c oe f f i c i ent s we re c a l cu l ated t o  det e rmine the 

re l at i on s h i p s  between phy s i c a l  and b i o c hemi c a l  t e st 

resp o n s e s  w i t h i n  an experimenta l  group. A probab i l ity l eve l 

o f  l e s s  than 0.0 5  was cons i dered stat i st i c a l l y  s i gn i f i c ant . 
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CHAP TER IV 

RE SULTS 

Body We ight : 

The mean body we i ght s o f  the expe riment a l  groups at t he 

t i me o f  sa c r i f i ce are shown i n  F i gure 3 ;  the s t at i st i c a l  

an a l y s i s  o f  t he dat a i s  pre sented i n  Table 1 .  The di et­

rest r i ct e d  g r oups ( R , RE )  o ve r a l l we i ghed l e s s  ( 2 8 % ,  

p<0 . 000 1 ) t han the a d  l ib i t um-fed groups ( A, AE ) . The body 

we i ght o f  AE over a l l  was 6 . 2 % l e s s  th an that o f  A wh i le that 

of RE was 0 . 6 % more than R; the di fference s in b ody we i ght 

due to exe r c i s e were not s i gn i  c ant ( p>0 . 05 ) . Overa l l ,  the 

me an body we i ght of al l groups de c rea s ed with age (p<0.05) . 

The i n i t i at i on of body we i ght l o s s  o f  A anima l s  was de l a yed 

unt i l  20 mo of age . The ave rage decrement i n  bo dy we ight of 

all groups from 12 t o  24  mo was 8 . 7 % .  Me an feed c on sumpt i o n  

o f  exerc i s ed an ima l s  w a s  1 2 %  gre at er t h an n on - e xe r c i s ed 

anima l s ,  mean feed consumpt i on o f  rest ri cted anima l s  wase 

approximat e l y 30% ss than ad l ibi tum- fed anima l s . 

Epi d i dyma l  Fat Pad We ight : 

F i gure 4 pre sent s the me an epi didym a l  fat pad we ight s 

of t he anima l s  at the t i me o f  s a c r i f i ce . The r e s u l t s  o f  the 

stat i st i c a l  ana l y s i s  are shown i n  Tab l e  2. The ove r a l l me an 

fat pad we i ght s of t he d i et - res t r i cted groups ( R , RE )  we re 

app r o ximate l y  50% s s  (p<0 . 000 1 ) than those of the ad 

l ib i t um- fed gro ups (A, AE )  . The epididyma l  fat pad we i ght s 
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F i gure 3. Body We i ght Plotted Ve r s u s  Age . ( A  = Ad 
libitum- fed; R = Re st r i c t e d-fed; AE = Ad libitum- fed ,  
exerc i se d; RE = Re s t r i cted- fed; exe r c i s ed. Valu e s  are mean 
± SEM; i n  gener a l  n =6 . Body weight is relate d  t o  d i e t  and 
exercis e ( p<O.OOOl) ,  age (p<O . OS) , and diet*exe r c i s e  
( p<O . OS) i n  mult iple regr e s s i on analys i s . 
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Tab l e  1 .  ANOVA T a b l e  for Body We i ght 

Var i ab l e s  df ss F Val u e s  P Val u e s  

Type III ss 

D i et 1 9 3 6 2 70 . 1  1 9 6 . 0  0 . 000 1 

Exerc i s e  1 10 4 5 1 . 3  2 . 1 9 0 . 1 4 2 3  

Age 4 5 2 8 1 6 . 4  2.7 7 0.0 3 1 8  

D iet * Age 4 7 2 5 1 . 5  0 . 3 8  0 . 8 2 2 4  

Diet * Exerc i s e 1 1 3 4 70 . 7  2. 8 2  0 . 0 9 6 3  

Age * E xe r c i s e  4 7 2 8 6 . 1  0 . 3 8 0 . 8 2 1 4  

Diet * Age * E xe r c i s e  4 102 3. 9  0 . 5 4 0. 70 9 5  

Type I ss 

Age 

Linear 1 2 90 8 3 . 0 8 6.35 0 . 0 1 3 2 

Quadrat i c  1 1 9 1 70 . 3 2 4 . 1 9 0 . 0 4 3 2 

Cub i c  1 1 37 . 0 9  0 . 0 3 0 . 8 6 2 9  
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F i gu r e  4. E p i d i dymal Fat Pad We i ght Plo t t e d  Ve r s u s  Age . 
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( A  = Ad l i b i t um- fed ;  R = Res t r i ct e d-fe d ;  AE = Ad lib i t um­
fed, exerc i s e d ;  RE = Re st r ict e d-fed; e x e rci s e d )  . Valu e s  are 
mean ± SEM; in gene r al n=6 . Ep i didymal fat pad we i ght i s  
relat e d  t o  d i e t  and exerci se (p< O . O O Ol ) , a ge (p< O . OS ) , and 
di et*ex erci s e  ( p<0 . 0 5 )  in mult iple regre s s i on analy s i s . 
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T ab l e  2 .  ANOVA T ab l e  for Epi didyma l Fat P ad We i ght 

Var i ab l e s  df ss F Va l u e s  P Values 

Type III ss 

D i et 1 1 2 6 1 . 5 6 8 1 . 4 4 0 . 000 1 

Exe r c i s e  1 2 7 8 . 4 2 1 7 . 9 7 0 . 000 1 

Age 4 2 1 0 . 4 2 3 . 4 0  0 . 0 1 2 1  

Diet * Age 4 5 6. 6 7 0 . 9 1  0. 4 5 8 7  

D i et * Exe r c i s e 1 6 4 . 2 9 4 . 1 5 0.0 4 4 4  

Age * E x e r c i s e 4 9 3 . 5 1 1. 5 1  0 . 205 6 

D iet * Age * Exerc i s e  4 6 6 . 3 8 1 .  0 7  0 . 3 7 50 

Type I ss 

Age 

L i near 1 1 9 8 . 4 7 1 2 . 5 2 0 . 000 6 

Quadr at i c  1 9 . 7 6 0 . 6 2 0 . 4 3 4 3  

Cub i c  1 2 . 3 4 0 . 1 5 0 . 70 1 2  
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o f  t he e x e r c i se d  groups (AE , RE )  ove ra l l  were 2 5 %  l e s s  

( p< O . OOOl ) t han tho s e  o f  the non-exe r c i sed g r oups ( A , R) . The 

ove r a l l  epididymal fat pad w e i ght of a l l  groups de c r e a s e d  

( 3 4 % , p < 0 . 0 5 )  w i th age ; t he de c rement w a s  l in e a r  ( p < 0 . 0 0 0 6 ) . 

Inte ract i on o f  d i et and e x e r c i s e  was s i gn i f i c ant 

( p < 0 . 0 5 ) , i . e . , exerc i s e de c r e a s e d  ep i d i dyma l fat pad we i ght 

mo re in ad l ib i t um- fed t han in r es t r i ct ed- f e d  r at s . 

P e r i re n a l  Fat P a d  We ight : 

The mean p e r i renal fat pad weight s a r e  shown in 

F igure 5 .  Table 3 pre s ent s the s t at i st i c a l  a n a l y s i s  o f  the 

dat a . Over a l l ,  pe r i renal fat p a d  we i ght s o f  feed- rest r i ct e d  

groups ( R , RE )  w e r e  l e s s  ( 6 8 % ,  p< O . OOOl ) than tho s e  o f  ad 

l ib itum- f e d  g r oups (A, AE) . The exerc i se d  gr oups ( AE , RE )  had 

l e s s  ( 3 5 % ,  p<O . OOOl) p e r i ren a l  f at than non- e x e r c i sed groups 

(A, R ) . C on s i der ing a l l  g r oups the re w a s  a d e c re a s e  ( 3 9 % ,  

p < 0 . 0 5 )  i n  p e r i renal fat weight f rom 1 2  t o  2 8  m o  o f  age . An 

inte r a c t i on ( p< 0 . 0 5 )  between diet and e xe r c i s e  w a s  obs e rve d,  

i.e . , t he d iffe renc e s  in fat pad weight a s s o ciated with 

exerc i s e were more p r on ounc e d  in A than in R r at s . 

Liver G 6P D  Act i v i ty : 

The ove r a l l  l iver G 6P D  act i v i t y  o f  t he d i et r e st r i ct e d  

groups ( R , RE ) w a s  2 5 %  highe r ( p < 0 . 0 0 5 )  than t hat o f  a d  

l ib i t um - fed (A, AE )  group s  ( Tabl e  4 , 5 ) . The a c t i v i t y  o f  

hepat i c  G 6P D  w a s  not s i gn i f i c ant l y  a f fe ct e d  by e xe r c i se . 

Age a f f e ct e d  G 6P D  act i v i t y  ( p < 0 . 0 0 0 5 ) , i . e . , there wa s an 
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{A = Ad l ib i t um-fed; R = Re st r i cted-fe d; AE = Ad l ibitum­
fed, e x e r c i s e d; RE = Re stri cted-fed; exerc i s ed. Va lues are 
mean ± SEM; in gene r a l  n=6 .  Pe renal fat pad we i ght is 
re lat e d  to diet and exerc i s e  (p<O .O O Ol ) ,  age { p<O . OS ) , and 
diet * exe r c i se (p<O . OS )  in mu lt iple regre s s ion a n a l ys i s . 
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Tab l e  3 .  ANOVA Tab l e  for Pe rirenal Fat Pad We ight 

Var i ab l e s  d f  ss F Va l u e s  P Va l u e s  

Type I I I ss 

D i et 1 2 8 2 0. 8 0  1 2 1. 4 9  0 . 0 0 0 1  

Exe r c i se 1 4 4 3. 65 1 9. 1 1 0. 0 0 0 1  

Age 4 2 8 3. 0 2  3 . 0 5 0. 0 2 06 

D i e t  * Age 4 1 4 9. 8 0 1 .  61 0. 1 7 72 

D i e t  * E x e r c i s e  1 1 0 3. 4 2 4 . 4 5  0 . 0 3 7 4  

Age * E x e r c ise 4 4 5 . 5 0 0. 4 9  0. 7 4 3 1 

D i et * Age * E xe r c i s e  4 2 9 . 1 4 0 . 3 1 0 . 868 1 

Type I ss 

Age 

L i n e a r  1 1 2 8. 7 7  5. 8 2  0. 0 1 76 

Quadrat i c  1 1 3 0 . 4 3 5. 8 9  0 . 0 16 9  

Cubi c 1 2 5 . 1 1 1 . 1 3  0. 2 8 9 3 



T ab l e  4 .  E f fect o f  Age , D i et Re st r i c t i o n ,  and Exe r c i s e 
on L i ver G l u c o s e - 6 -P h o sphate Dehydroge n a s e  
Act i v i t/ . 

Age in Mont hs 
Group 

1 2  1 6  2 0  2 4  2 8  

A
2 

2 1 . 0 7 2 7 . 5 7 4 8 . 2 2 4 5 . 6 4  2 8 . 3 4 

3 9  

±4 . 5 0 ( 6 )
6 

±2 . 7 9 ( 6 )  ±4 . 5 0 ( 6 )  ± 1 2 . 7 9  ( 6 )  ±4 . 5 0  ( 6 )  

� 
R� 3 1 . 6 1 6 0 . 9 4  4 8 . 8 0 4 2 . 1 9 3 3 . 7 8 

±8 . 1 9  ( 6 )  ±3 . 7 4 ( 6 )  ±1 . 5 4 ( 6 )  ± 9 . 1 4  ( 6 )  :: 9 . 0 0 ( 6 )  

AE
4 

2 0 . 8 6 3 4 . 7 0 3 4 . 7 4 4 2 . 5 7 4 0 . 0 7 
±4 . 2 5 ( 6 ) . 3 4  ( 6 )  ±4 . 3 9 ( 5 )  ±7 . 6 3 ( 6 )  ±2 . 5 0  ( 3 )  

RE
5 

3 1 . 0 4 4 1 . 0 9 4 5 . 1 5 6 6 . 7 8 3 0 . 1 8 
±5 . 3 4  ( 6 )  ±3 . 4 9 ( 6 ) ±2 . 3 3 ( 6 )  ±8 . 8 8 ( 6 )  ±8 . 3 1  ( 6 )  

1
S i gn i f i cant f o r  diet ( p < 0 . 0 0 5 )  and a ge ( P < 0 . 0 0 0 5 )  i n  
mu l t ip l e  regre s s i on analy s i s . 

2
A = Ad l ib i t um- fed,  non-ex e r c i s ed . 

3
R = Re s t r i ct e d- fed , non-exerc i s ed . 

4
AE = Ad l ib i t um- fed, exerc i se d . 

sRE = Re s t r i cted-fed, exerc i s ed . 

6 
Va l u e s  are me ans ± SEM ( e xpre ssed a s  nmo l e s  NADPH 
produ c e d / mi n / g  prot e i n ) f o r  the number o f  anima l s 
shown in p a re nthes i s .  
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Tab l e  5 .  ANOVA Tab l e  f o r  L i v e r  G l u c o s e - 6-Pho sphate ­
Dehydrogena se Act i v i t y  

Var i ab l e s  d f  ss F Val u e s  P Va l u e s  

Type III ss 

D i e t  1 2 1 7 8 . 8 3 9 . 1 0 0 . 0 0 2 2  

Exerc i s e  1 0 . 2 5 4  0 . 0 0 0 . 8 7 7 9  

Age 4 7 9 0 3 . 8 4  8 . 2 6  0 . 0 0 0 3  

D i et * Age 4 1 4 0 5 . 1 7 1 .  4 7  0 . 2 5 8 0  

D iet * Exerc i s e 1 7 . 7 1 0 . 0 3 0 . 8 4 3 2 

Age * E x e r c i se 4 1 4 3 6 . 2 6 1 .  5 0  0 . 2 0 7 2  

D i et * Age * E xerc i s e  4 2 6 7 5 . 5 4 2 . 7 8 0 . 0 1 7 0  

Type I ss 

Age 

L inear 1 0 7 5 . 7 3 4 . 1 4 0 . 0 4 4 3  

Quadrat i c  6 6 4 4 . 5 8 2 5 . 5 9 0 . 0 0 0 1  

Cub i c  2 9 2 . 0 0  1 . 1 3 0 . 2 9 0 8  
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increase in l i ver G 6P D  act i v i t y  in e a c h  group with age and 

then a dec rease ( quadrat i c  re l at i onship w i t h  a ge , p < O . O O O l ) . 

The intera ct i on among diet , age , and exerc i s e was 

s i gn i f i c ant (p< O . O S ) . 

Adipose G 6P D  Act i vity : 

The e f fe c t  o f  d i et on G 6 P D  act i v i t y  in adipose t i s s ue 

was not s i gn i f i c ant ( T ab l e  6 , 7 ) . Exe r c i s e d  groups (AE , RE ) 
had 2 6 % more ( p < 0 . 0 5 )  adipose G 6 P D  act i v i ty t h an that o f  

non-exe r c i sed g r oups ( A , R) . The re was a s i gn i f i c ant change 

in adipose G 6P D  act i v i t y  with a ge (p< O . O O O l ) . I n  gener a l  

adipo se G 6 P D  act i vi t y  peaked a t  2 0  t o  2 4  m o  and t hen 

dec reased . Both the qu adrat i c  (A
2

, p< O . O O O S )  and cub i c  {A
3

, 

p < 0 . 0 0 0 4 ) re l at i onships o f  age t o  G 6 P D  a c t i v i t y  were 

s i gni f i c ant . The inter act i ons between d i e t  and age 

(p< 0 . 0 0 5 )  and among d i et , age , and exerc i s e  (p< 0 . 0 5 )  were 

s i gn i f i c ant , i . e . , adipose G 6 P D  act i v i t y  peaked at an 

ear l i e r  age ( 2 0  m o )  in both A and AE anima l s  t han i n  RE 
a n i ma l s  ( 2 4  mo } , whi adipose G 6 P D  enz yme act i v i t y  in R 

rat s d i d  not change with age . 

L i ver Fatty Ac i d  Synthe s i s : 

1 4  
The d i f ferences i n t h e  i n c o rporat i on o f  acet at e - 1 - C 

int o l i ver f a t t y  a c i d s  re sult i n g from e ither d i et o r  

e xe r c i s e  were not s i gni f i c ant ( Tab l e  8 , 9 ) . Howeve r ,  the 

1 4  
inc o rpo rat i on o f  acetat e - 1 - C i n t o  l i ver f at t y  a c i ds was 

a ffected by age (p<0 . 0 0 0 1 ) . There was an ove r a l l  9 - f o l d  
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T ab l e  6 .  E f fe ct o f  Age , D i et Re s t r i ct i on ,  and Exe rc i s e 
on Adipo s e  T i s s u e  Gluco s e - 6 -Pho sphate 
Dehydrogen a s e  Act ivity 1

• 

Age in Months 
Group 

1 2  1 6  2 0  2 4  2 8  

A
2 

1 4 . 9 5 1 9 . 1 2 6 0 . 1 9 3 8 . 2 2 1 2 . 2 8 
±1 . 5 6  ( 6 )  6 ±2 . 0 3  ( 6 )  ±8 . 0 5  ( 6 )  ±8 . 8 7 ( 6 )  ±2 . 5 8  ( 6 )  

R3 3 3 . 9 8  1 5 . 3 0 2 6 . 0 2 2 1 . 8 7 2 6 . 0 1  
± 1 3 . 4 5  ( 6 )  ±2 . 2 1 ( 6 )  ±5 . 5 0  ( 6 )  ± 8 . 3 6 ( 6 )  ±0 . 5 0  ( 6 )  

AE
4 

2 9 . 2 0 2 3 . 9 6 5 8 . 5 5 3 0 . 1 4 2 5 . 0 0 
±5 . 7 2 ( 6 )  ±1 . 5 6  ( 6 )  ±1 0 . 8 4 ( 5 )  ±4 . 4 9 ( 6 )  ±1 . 2 7 ( 3 )  

RE
5 

3 6 . 0 4 2 0 . 1 2 4 1 . 2 7 5 3 . 4 8 1 8 . 0 9 
±1 1 .  3 2  ( 6 )  ±1 . 6 7 ( 6 )  ±0  . 6 4 ( 6 )  ± 1  0 .  0 4  ( 6 )  ±4 . 4 9 ( 6 )  

1
S i gn i f i c ant f o r  age ( p< 0 . 0 0 0 1 ) and exer c i s e  ( p > 0 . 0 5 )  
i n  mu l t ip l e  regre s s i on ana l y s i s .  

2
A = Ad l ib it um- fed, non-exe r c i s e d . 

3
R = Re s t r i ct ed-fed, non-exerc i s e d . 

4AE = Ad l ib i t um- fed,  exerc i s e d . 

5RE Re s t r i cted- fed , exerc i s ed .  

6 Va l u e s  are means ± SEM ( expre s s ed as nmo l e s  NADP H  
produ ced/mi n / g  prot e i n )  f o r  t he number o f  anima l s  shown 
in parenthe s i s . 
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T ab l e  7 .  ANOVA T ab l e  f o r  Adipo s e  T i s su e  G 6PD Act i v i t y  

Var i ab l e s  d f  s s  F Val u e s  P Va l u e s  

Type I I I  s s  

D i e t  1 1 0 2 . 0 8 0 . 3 5 0 . 5 5 3 4  

Exe rc i s e 1 1 3 2 2 . 6 3 4 . 5 8 0 . 0 3 4 8  

Age 4 1 1 5 5 4 . 1 2 1 0 . 0 1 0 . 0 0 0 1  

D ie t  * Age 4 4 8 3 4 . 0 4 4 . 1 9 0 . 0 0 3 6  

D i et * E xe r c i s e  1 1 6 5 . 7 7 0 . 5 7 0 . 4 5 0 3  

Age * E xe r c i s e  4 2 7 4 . 4 4 0 . 2 4 0 . 9 1 6 3 

D i et * Age * E xe rc i s e  4 3 2 8 9 . 3 5 2 . 8 5 0 . 0 2 7 0  

Type I s s  

Age 

L i n e a r  1 1 0 . 0 6 0 . 0 3 0 . 8 5 5 0  

Qu adrat i c  1 3 9 4 2 . 5 5 1 3 . 0 5 0 . 0 0 0 5  

Cub i c  1 4 0 3 5 . 6 5 1 3 . 3 6  0 . 0 0 0 4 
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T ab l e  8 .  E f f ect o f  Age , D i et Re st r i ct i on , and Exerc i s e 
on Liver Fatty Ac i d  Synthe s i s

1
• 

Age in Months 
Group ----------------------�-------------------------------

1 2  1 6  2 0  2 4  2 8  

A
2 

1 5 8 . 8 0 4 2 2 . 6 0 5 8 7 . 0 9 9 6 1 . 5 2 7 3 3 . 9 4 
±5 2 . 4 1  ( 6 )  

6 
3 5 . 8 3 ( 6 )  ± 1 8 1 . 4 2  ( 6 )  ±3 7 5 .  4 3 ( 6 )  ±2 3 8 . 4 1  ( 6 )  

R
3 

9 8 . 3 1 4 6 0 . 7 7 3 7 8 . 1 5 1 0 9 8 . 7 7  2 6 1 . 7 0 
9 . 6 3 ( 6 ) ± 1 2 2 . 6 6 ( 6 ) ± 1 2 1 . 2 6 ( 6 )  ±4 0 2 . 5 7  ( 6 )  ± 1 0 7 . 5 2  ( 6 ) 

AE
4 

1 0 8 . 2 6  2 1 0 . 5 6 2 9 2 . 7 6 1 2 0 1 . 5 0 6 2 6 . 0 7 
±2 5 .  1 7  ( 6 )  3 . 0 0 ( 6 )  ±1 0 8 . 7 8 ( 5 )  ±7 2 5 . 7 9  ( 6 ) ±2 1 2 . 4 7 ( 3 )  

RE s 
9 9 . 2 6 2 9 6 . 4 7 2 9 9 . 3 5 9 9 4 . 3 9 1 8 9 . 6 5  

±2 1 . 0 2  ( 6 )  ± 9 3 . 5 3  ( 6 )  ±1 2 2 . 1 3  ( 6 )  ±35 6 . 5 0  ( 6 )  ±4 2 . 4 7 ( 6 )  

1
S i gn i f i c ant for age ( p < 0 . 0 0 0 1 )  in mu l t i p l e  regre s s i on 
an a l ys i s . 

2
A = Ad l ibi tum- f e d ,  non-exe r c i s ed . 

3
R Re s t r i cted- fed,  n on-exe r c i s e d . 

4
AE = Ad l ib i tum- fed,  exerc i s ed . 

sRE = Re s t r i ct ed- fed, exer c i se d . 

6
Va l u e s  a re means ± SEM ( expre s se d  a s  i n c o rp o r at i on o f  
acetat e- 1 -

1 4
C cpm/ 2 0 0  mg fresh t i s su e / 3  hr s )  f o r  the 

number of an ima l s  shown in parenthes i s . 



T ab l e  9 .  ANOVA T ab 

Var i ab l e s  

Type I I I  s s  

D i e t  

Exerc i se 

Age 

D i e t  * Age 

D i e t  * E x e r c i s e 

Age * E x e r c i s e  

D i et * Age * Exerc i se 

Type I s s  

Age 

L i ne a r  

Quadrat i c  

Cub i c  

4 5  

f o r  L i ver Fat t y  Ac i d  S ynthe s i s  

df s s  F Va l u e s  P Va lues 

1 3 5 8 8 5 9 . 1 7  0 . 9 6 0 . 3 2 0 0  

1 2 0 1 4 1 9 . 2 0 0 . 5 4 0 . 4 6 0 0  

4 1 1 9 8 2 5 7 8 . 0 3 8 . 0 5 0 . 0 0 0 1  

4 8 1 1 1 5 4 . 5 2 0 . 5 5 0 . 7 0 0 0  

1 1 1 . 8 7 9  0 . 0 0 0 . 9 9 0 0  

4 2 8 4 4 2 6 . 6 9 0 . 1 9 0 . 9 4 0 0  

4 2 5 2 8 7 7 . 8 8 0 . 1 7 0 . 9 5 0 0  

1 4 6 5 3 3 4 7 . 1 7 1 3 . 3 5 0 . 0 0 0 4  

1 1 9 0 7 7 9 5 . 6 8 5 . 8 4 0 . 0 2 1 2 

1 2 9 3 0 7 7 2 . 9 0 8 . 4 1  0 . 0 0 4 6  
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1 4  
inc r e a s e  i n  i n c o rporat i on o f  acetat e - 1 - C by a l l  groups 

fr om 1 2  to 2 4  mo of age . At 2 8  mo of age there was a sharp 

drop i n  f at t y  a c i d  s ynt he s i s  i n  a l l  groups . The 

re l at i on sh i p  of t he fatty a c i d  s ynthe s i s  with age was 

l in e a r  ( p < O . O O O S ) , qu adrat i c  and cub i c  (p< O . O O S ) . In 

genera l ,  from 12 t o  2 0  mo there was a gradu a l  increase i n  

l iver f a t t y  a c i d  s ynthe s i s ;  from 2 0  t o  2 4  mo t h e  r a t e  o f  

i n c r e a s e  was a c c e lerated;  a ft e r  2 4  m o  there w a s  a sharp 

dec r e a s e  i n  l i ver fatty a c i d  s ynthes i s . 

Adipose Fatty Ac i d  Synthes i s : 

D i et a ry rest r i c t i on i n c reased the i n c o rporat i on o f  

1 4  
acetat e - 1 - C i nt o  f at t y  a c i d s  o f  adipo s e  t i s s ue ( T ab l e  

1 0 , 1 1 ) ; i . e . , overa l l  i nc orporat i o n  was 6 4 %  h i ghe r i n  R than 

i n  A rat s and 1 1 6 % h i gher i n  RE than in AE a n ima l s  (p< 0 . 0 1 ) . 

1 4  
Exe r c i s e  d i d  not have a s i gn i f i cant e f fect on a cetat e - 1 - C 

incorporat i o n . The i n c orporat i o n  o f  a c e t at e - 1 -
1 4

C int o 

fat t y  a c i d  i n  adipose t i s sue changed w i t h  age ( p < O . O O O S ) . 

Ove ra l l  the i n c o rporat i on were l ow at the youngest ( 1 2  mo ) 

and o l de s t  ( 2 8  m o ) ages stud i e d ;  the qu adrat i c  re l at i on s h i p  

with a g e  was s i gn i f i c ant (p< 0 . 0 0 0 1 ) . 

L iver Glyc e r o l  Re l e a s e : 

D i e t a ry re s t r i ct i on ove r a l l i n c r e a s ed ( 2 4 % ,  p < O . O O S )  

the amount o f  l i ve r g l y c e r o l  rel e a sed ( Tabl e  1 2 , 1 3 ) . 

Hepat i c  g l y c e r o l  re l e a se was a f fected by exerc i s e  (p< O . O S ) . 

The exerc i s ed groups (AE , RE )  showed a 4 4 %  i n c re a s e  in 



Tab l e  1 0 . E f fect o f  Age , D i et Re st r i ct i on and Exerc i s e 
on Adipose T i s s ue Fatty Ac i d  S ynt he s i s

1
• 

Age i n  Months 

4 7  

Group ------------------------�-----------------------------
1 2  1 6  2 0  2 4  2 8  

A
2 

3 7 9 . 1  1 1 2 6 . 4  6 9 7 . 4  7 4 9 . 9  9 0 . 8  
± 1 2  6 .  6 { 6 )  

6 
±1 6 1 . 4 { 6 )  ±2 0 7 . 3 ( 6 )  ±3 5 0 . 0 { 6 )  ±2 5 . 2 { 6 )  

R
3 

3 2 9 . 5  1 4 2 8 . 4  7 4 7 . 0  2 0 7 6 . 3  4 1 7 . 2  
± 6 3 .  8 ( 6 )  ±2 1 0 . 6 { 6 )  ±2 2 0 .  2 ( 6 )  ± 1  0 3 . 0 ( 6 )  ±2 2 3 . 4 { 6 )  

AE
4 

2 2 0 . 3  5 9 1 . 0 8 4 8 3 . 4  5 1 9 . 9  1 0 3 . 5  
±4 2 .  2 ( 6 )  ±8 3 .  5 ( 6 )  ± 1 5 3 . 9 ( 5 )  ±1 0 6 .  8 ( 6 )  ±2 4 . 5 ( 3 )  

RE
5 

5 6 0 . 9  1 2 5 3 . 7  8 8 5 . 6 2  1 2 3 1 . 8  2 2 2 . 6  
±1 0 7 . 5 ( 6 )  ±3 3 1 . 2  ( 6 )  ±1 4 4 . 6 ( 6 )  ±4 2 0 . 0 ( 6 )  ±8 0 .  9 ( 6 )  

1
S i gn i f i c ant f o r  d i et ( p < 0 . 0 1 )  and age ( p > 0 . 0 0 0 5 )  in 
mu l t i p l e  regre s s i on analy s i s . 

2
A = Ad l ib i t um- fed, non-exerc i s e d .  

3
R Re s t r i c t e d- fed ,  non-exe r c i s e d . 

4
AE Ad l ib i t um-fed, exerc i s e d .  

SRE Re s t r i cted- fed,  exerc i s ed . 

6
Va l u e s  a r e  me ans ± SEM ( e xp re s s e d  as i n c o rp o rat i o n  o f  
acetate - 1 -

1 4
C cpm/ 2 0 0  m g  fre s h  t i s s ue / 3  hr s )  f o r  t he 

numb e r  o f  anima l s  s hown in parent he s i s . 
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Table 1 1 .  ANOVA T ab l e  f o r  Adipo s e  T i s sue F a t t y  
Ac i d  S ynthe s i s  

Var i ab l e s  d f  ss F Va l ue s  P Val ue s  

Type I I I  s s  

D i et 1 4 9 7 8 6 1 9 . 8 5 7 . 4 7  0 . 0 0 7 5  

Exerc i se 1 1 1 0 0 9 5 3 . 4 8 1 .  6 5  0 . 2 0 1 8  

Age 4 1 5 7 2 5 7 2 2 . 3 7 5 . 9 0 0 . 0 0 0 3  

D i e t  * Age 4 3 0 3 9 4 4 2 . 1 3 1 . 1 4 0 . 3 4 2 4  

D i e t  * E xe r c i s e  1 2 2 0 0 7 . 9 4 0 . 0 3 0 . 8 5 6 2 

Age * E xe rc i s e 4 1 3 7 4 9 8 8 . 0 7 0 . 5 2 0 . 7 2 4 3  

D i et * Age * E xe rc i se 4 1 1 9 5 6 0 6 . 4 0  0 . 4 5 0 . 7 7 3 3 

Type I s s  

Age 

L i ne a r  1 1 0 7 2 3 9 . 1 4 0 . 1 7 0 . 6 8 0 0  

Quadrat i c  1 1 0 5 7 3 0 2 7 . 3 8 1 6 . 5 2 0 . 0 0 0 1  

Cub i c  1 1 8 2 9 2 0 . 8 7 0 . 2 9 0 . 5 9 0 0  
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Table 1 2 . E f fect o f  Age ,  D i e t  Re s t r i ct i on and Exe r c i s e  
o n  Liver G l y c e r o l  Re l e a s e

1
. 

Age in Mont hs 
Group 

1 2  1 6  2 0  2 4  2 8  

A
2 

0 . 9 0 0 . 7 0 0 . 8 2 0 . 8 9 0 . 5 1 
±0 . 2 1  ( 6 )  6 ±0 . 1 5  ( 6 )  ±0 . 1 6  ( 6 )  ± 0 . 2 1  ( 6 )  ±0 . 0 9 ( 6 )  

R
3 

0 . 8 3 0 . 9 0 0 . 7 3 0 . 7 6 0 . 8 6 
±0 . 2 2 ( 6 )  ±0 . 1 2  ( 6 )  ± 0 . 0 7 ( 6 )  ±0 . 1 3  ( 6 )  ±0 . 0 3  ( 6 )  

AE 4  0 . 9 4 0 . 9 5 1 . 1 2 1 . 2 2 0 . 5 2 
±0 . 1 4  ( 6 )  ±0 . 0 4  ( 6 )  ±0 . 1 0 ( 5 )  ±0 . 2 2 ( 6 )  ±0 . 0 3  ( 3 )  

RE
5 

0 . 8 3 1 . 5 7 1 .  8 3  1 .  5 5  0 . 6 8 
±0 . 0 8 ( 6 )  ±0 . 1 2  ( 6 )  ±0 . 2 0 ( 6 )  ±0 . 2 3 ( 6 )  ±0 . 0 7  ( 6 )  

1
S i gn i f i c ant f o r  age ( p< 0 . 0 0 5 ) , diet ( p < 0 . 0 0 0 1 ) , and 
exerc i s e  ( p < 0 . 0 1 )  in mu l t i p l e  regre s s i on anal y s i s . 

2
A = Ad l ib i t um- fed, non-exer c i s e d . 

3R = Re st r i ct ed- fed, non-exerc i s e d . 

4AE Ad l i b i t um- fed, e x e r c i se d . 

SRE Re s t r i ct e d- fed, exerc i s e d . 

6 
Val u e s  are mean s ± S EM ( expre s sed as mg g l y ce r o l  
re l ea s e d / dl / 2 5 0  m g  t i s sue / 2  h r s ) f o r  t he numb e r  o f  
anima l s  s hown i n  parenthes i s . 
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Tab l e  1 3 . ANOVA Tab l e  for L iver G l y c e r o l  Re l e a s e  

Var i ab l e s  df s s  F Va l u e s  P Va l u e s  

Type I I I  s s  

D iet 1 1 . 5 3 1 0 . 1 0 0 . 0 0 2 0  

Exerc i s e 1 2 . 4 7  1 2 . 2 7 0 . 0 0 0 1  

4 2 . 3 4 3 . 8 6 0 . 0 0 6 0  

* Age 4 1 . 1 3 1 .  8 7  0 . 1 2 2 0  

D * E xe r c i s e 1 0 . 3 2 2 . 1 7 0 . 1 4 4 0  

Age * E xe r c i s e 4 3 . 4 1 5 . 6 3 0 . 0 0 0 4 

D * Age * Exerc i s e 4 1 .  4 1  2 . 3 3 0 . 0 6 1 1  

Type I s s  

Age 

L i n e a r  1 0 . 1 7 7 0  1 .  0 2  0 . 3 1 4 0  

Qu adrat i c  1 2 . 7 4 1 4  1 5 . 8 1 0 . 0 0 0 1  

Cub i c  1 0 . 3 1 0 5  1 .  7 9  0 . 1 8 3 0  
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ove r a l l l i ve r  g l yc e r o l  re l e a se as compared t o  non-exe r c i sed 

(A, R)  group s . The e f fect o f  age on l i ver g l y c e r o l  r e l e a s e  

was qu adrat i c  ( p < O . O O O l ) . I n  exerc i sed gr oups ( AE , RE )  

g l y c e r o l r e l e a s e  increased f r om 1 2  t o  e i t he r  2 0  o r  2 4  ro o  o f  

age and t hen de c reased . The int eract i o n  between age and 

exe r c i s e w a s  hi ghly s i gn i f i c ant ( p < 0 . 0 0 0 5 ) . That i s ,  the 

e ffect o f  e x e rc i s e  on g l y c e r o l  release w i t h  age was much 

more pronounced i n  r e s t r i cted than in ad l ib i t um- fed 

an imal s .  

Adipo s e  Glyc e ro l Re l e a s e : 

The amount o f  g l ycero l r e l e a s ed by adip o s e  t i s s ue was 

a ffected by diet (p< 0 . 0 0 5 )  and a ge ( p < O . O O O l , Tab l e  1 4 , 1 5 ) ; 

ove r a l l  R and RE had 3 7 %  great e r  amount o f  g l y c e r o l  r e l e a se d  

than A a n d  AE .  The e f fe c t  o f  exerc i s e  w a s  n o t  s i gn i c ant , 

a l t hou gh AE and RE had 7 %  more g l yc e r o l  re l e a s e d  from adipose 

t i s s ue t han d i d  A and R .  With age , t he amount o f  g l y c e r o l  

r e l e a sed i n c re a s e d  unt i l  e i the r  2 0  o r  2 4  roo o f  a g e  and t hen 

s harply de c r e a se d . Both t he qu adrat i c  ( p< O . O O O l )  and t he 

cub i c  ( p < 0 . 0 0 7 )  r e l at i on ship s  o f  t he amount o f  g l y c e r o l  

r e l e a s e d  w i t h  a ge we re s i gn i f i c ant . I n  gene r a l , adipose 

g l y c er o l  release increased w i t h  age unt i l  2 0  roo o r  24 roo of 

age , depending on the exper i ment a l  g roups , and t hen 

dec re a s e d . 



T ab l e  1 4 . E f fect o f  Age ,  D i et Re st r i ct i on ,  and Exe r c i s e  
o n  Adipose T i s sue G l y c e r o l  Re l e a s e

1
. 

Age i n  Months 
Group 

1 2  1 6  2 0  2 4  2 8  

A
2 

0 . 3 1 0 . 6 5 0 . 9 2 1 .  0 6  0 . 3 1 
±0 . 0 4 ( 6 )  6 ±0 . 0 8 ( 6 )  ±0 . 3 0 ( 6 )  ±0 . 0 9 ( 6 )  ±0 . 0 3 ( 6 )  

R
3 

0 . 5 0 0 . 7 6 1 .  0 3  1 .  3 8  0 . 3 8 
±0 . 0 9 ( 6 )  ±0 . 1 3  ( 6 )  ±0 . 2 7 ( 6 )  ±0 . 2 9 ( 6 )  ±0 . 0 4 ( 6 )  

AE 4  0 . 5 4 0 . 6 9 0 . 6 7 0 . 8 0 0 . 2 6 

5 2  

±0 . 1 0  ( 6 )  ±0 . 1 4  ( 6 )  ±0 . 2 1  ( 5 )  ±0 . 1 5 ( 6 )  ±0 . 0 0 8 ( 3 )  

RES 0 . 5 3 1 .  0 8  1 .  3 8  1 . 1 9 0 . 6 8 
±0 . 4 4 ( 6 )  ±0 . 2 0 ( 6 )  ±0 . 3 7 ( 6 )  ±0 . 1 0  ( 6 )  ±0 . 0 4 ( 6 )  

1 S i gn i f i cant for diet (p< 0 . 0 0 5 )  and age (p< 0 . 0 0 0 1 ) i n  
mu l t i p l e  regre s s i on ana l y s i s .  

2A = Ad l ib i t um- fed, non-exerc i s ed . 

3R Re s t r i cted- fed, non-exerc i s ed . 

4AE = Ad l ib i tum- fed, exerc i s ed . 

5 RE  = Re s t r i ct ed- fed, exerc i s ed . 

6 
Va l u e s  are means ± SEM ( expre s s e d  as mg g l y ce r o l  
re l e a s e d / dl / 2 5 0  m g  t i s su e / 2  hr s )  for t he numbe r  o f  
anima l s  shown i n  parenthe s i s . 
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Tabl e  1 5 . ANOVA Tabl e  for Adipose T i s sue G l y c e r o l  Re l e a s e  

Var i ab l e s  df s s  F Va l u e s  P Va lue s 

Type I I I  s s  

D i e t  1 1 .  5 8  8 . 3 7 0 . 0 0 4 7  

Exe r c i s e 1 0 . 0 0 8  0 . 0 5 0 . 8 2 9 0  

Age 4 9 . 8 5 1 2 . 9 9 0 . 0 0 0 1  

D i e t  * Age 4 0 . 5 0 0 . 6 6 0 . 6 1 9 4  

D * E x e r c i s e  1 0 . 1 6 0 . 8 6 0 . 3 5 7 0  

Age * Exe r c i s e 4 0 . 6 0 0 . 8 0 0 . 5 2 9 0 

D i et * Age * Exerc i s e 4 0 . 5 0 2 . 6 0 0 . 6 2 0 0  

Type I s s  

Age 

L i n e a r  1 0 . 0 3 5 2  0 . 1 9 0 . 6 6 0 0  

Quadrat i c  1 8 . 8 2 6 7 4 7 . 5 3 0 . 0 0 0 1  

Cub i c  1 1 . 4 0 8 1  7 . 5 8 0 . 0 0 7 0  



Re l a t i o n s h ip o f  Lipogene s i s / L ipo lys i s  t o  Adipo s i ty : 

To e s t imat e the re l a t i onship o f  adipo s i t y  t o  

l ipogenes i s  and l ip o l y s i s  i n  e a ch group , t he mean v a l u e  o f  

each t e s t  re sponse a t  the var i ou s  ages w a s  c onve rte d  t o  

pe r c ent o f  the test response mean val ue at 1 2  mo of age . 

Such a t ran s l at i on o f  the t e st re spon s e s  f o r  gr oup A r at s 

are pre sent e d  i n  F i gu re 6A ( phy s i c a l  dat a )  and 6B 

( b i o c hem i c a l  dat a )  . 

5 4  

The pe r c ent ages o f  b o dy and peri renal fat pad we i ght s ,  

a s  c ompa red t o  t he i r  1 2  mo v a l u e s  o f  A anima l s  i n c re a s e d  

unt i l  2 0  o r  2 4  mo o f  age , respe c t i ve l y ,  a n d  t hen dec l i ne d  

( F igure 6 )  . The P e a r son c o r re l at i on c o e f f i c i ent between 

body wei ght and pe r i renal f at pad we i ght was 0 . 7 6 

(p< 0 . 0 0 0 1 ) . B i ochemi c a l  t e s t  re spons e s  peake d ,  i n  gen era l ,  

at t he s ame age s ( 2 0 -2 4 mo ) as phy s i c a l  re spon s e s  i n  A r at s ,  

but the magn i t ude o f  t he i r  i n c re a s es tended t o  b e  mu ch 

higher . Except i on s  t o  t h i s general p a t t e rn i n c l uded 

epi d i dyma l fat pad ma s s  wh i ch de c l ined a f t e r  1 2  mo of age . 

Ep i d i dymal we i ght was negat ively corre l at ed t o  LFAS ( r =-

0 . 4 0 ,  p < 0 . 0 1 )  and LFAS w a s  negat ively c o r re l at e d  t o  LGR 

( r= - 0 . 5 0 ,  p < 0 . 0 1 ) . G 6 P D  a c t ivit i e s  o f  l i ver and adipo se 

t i s s ue were c o r re l at e d  ( r=0 . 7 0 ,  p< 0 . 0 0 1 ) . 

The percent age changes f o r  AE rat s a r e  presented i n  

F i gure 7 .  B ody wei ght o f  AE p l a t e aued between 1 2  and 2 0  mo 

of age and t hen decrea sed . The ma s s  o f  both f at pads 

i nc re a s e d  unt i l  2 0  mo , t hen fe l l  pre c ip i t ous l y  a s  b ody 
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A .  B ody wei gh ts ( BODYWT) , per irenal f a t  pad weigh ts ( PERIWT) , a nd e pi d idyma l 
fa t pa d we ights ( EPIWT) o f  A anima l s  p l o t t ed ve rs u s  age ; va l ue s  are expres s ed as a 
pe rcent o f  12 rno va l ues . 

F i g ur e  6 .  Th e e f fe c t  o f  age on tes t re s pons es on A an imal s . 
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B .  Li ver fa tty a c i d  s y n thes i s  ( LFAS ) , adipose fa t ty a c id s y n the s i s  ( AFAS ) , 
l i ve r  g lucose- 6 -phosphate dehydrogenase ( LG6PD) , adi pos e g l ucose- 6- phos ph a te 
dehydrogenase ( AG6 PD) , live r  g ly ce r o l  r e leas e ( LGR) , a n d  adi po s e  g l ycerol re lea s e  
( AGR) of A anima ls plo tted versus age ; val ues are expre s s e d  as a pe rcen t of 1 2  mo 
va lues . 

F igure 6 ·  ( co n tinue d) Ul 
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we i ght dec l i ned . Body we i ght was c o r r e l ated to peri renal 

fat pad we i ght ( r= 0 . 5 6 ,  p< 0 . 0 0 2 )  and t o  ep i d i dyma l fat pad 

we i ght ( r = 0 . 6 0 ,  p< O . O O l ) . LFAS and LG 6PD act i v i t y  wa s 

c o r re l at e d  ( r= 0 . 4 0 ,  p< 0 . 0 5 )  i n  AE as was LGR and AFAS 

( r= O . S O ,  p< O . O l ) . Mo st a l l  t e s t  respo n s e s  showed de c remen t s  

a ft e r  2 4  m o  o f  age . 

The b o dy we i ghts o f  R rat s gradu a l l y  d e c r e a s e d  a ft e r  1 2  

mo o f  age ; fat p a d  we i ght s de c re a s ed markedly a f t e r  1 2  mo o f  

age ( F i gure 8 ) . Body we i ght was co rre l at e d  with per i re n a l  

( r= 0 . 6 0 ,  p< O . O O l )  a n d  epi d i dyma l f a t  pad we i ght s ( r= 0 . 5 7 ,  

p< O . O O l ) . L i ve r  and adipose fatty a c i d  synthe s i s  ( r= 0 . 8 7 ,  

p< O . O O O l )  i n c r eased unt i l  2 4  mo and then e xh i b i t e d  a marked 

de c l i ne . Fatty a c i d  s ynthe s i s  wa s negat i v e l y  re l a ted t o  

g l y c e r o l  re l ea s e  i n  the l i ver { r=0 . 3 6 ,  p < 0 . 0 5 ) . 

RE a n i ma l s  showed dec rement s i n  wei ght s o f  the b o dy and 

fat pads w i t h  age { F igure 9 )  . Body we i ght wa s co r re l at e d  

w i t h  pe r i renal ( . 6 2 ,  p< O . O O l )  and epididym a l  ( r= 0 . 5 3 ,  

p< O . O O S )  f a t  p a d  we i ght s . The per cent age decremen t s  o f  the 

fat pads were more pronounced than those of body we i ght . As 

in other e xper iment a l  group s , the b i o chem i c a l  re spon s e s  o f  

RE dec r e a s e d  a ft e r  2 4  m o  o f  age . LFAS o f  RE w a s  c o rr e l at e d  

p o s i t i ve l y  with L G 6 P D  ( r= 0 . 5 0 ,  p < 0 . 0 0 5 ) , AFAS ( r= 0 . 3 8 ,  

p< 0 . 0 5 ) , AG 6PD ( r= 0 . 3 6 ,  p< 0 . 0 5 ) , and LGR ( r = 0 . 5 0 ,  p < 0 . 0 0 5 ) . 

AFAS wa s c o rre l ated t o  g l y c e r o l  re l e a s e  i n  adipo se t i s su e  

( r= 0 . 4 5 ,  p< O . O l )  and i n  the l i ve r  ( r= 0 . 5 5 ,  p< O . O O l ) . 
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CHAPTER V 

D I SCUS S I ON 

The dec rement i n  mature body weight and feed 

con s umpt i on ,  about 2 8 %  and 3 0 % ,  respect i ve l y ,  a s s oc i at ed 

w i t h  every- other-day feeding i s  s imi l a r  t o  t he r e s u l t s o f  

other s  ( 1 2 , 1 5 , 1 9 , 6 9 ) . The e xe rc i se reg imen r e s u l t ed i n  much 

sma l l e r  over a l l  r edu ct i on ( 2 . 8  % )  in body we ight t han d i d  

eve r y - ot he r-day feeding . Feed c onsumpt i on o f  e xe r c i s e d  rat s 

ave raged about 1 2 %  more t han non-exe r c i s e d  rat s . P i t t s  et 

a l . ( 1 4 )  and App l egat e et a l . ( 4 4 )  have ob s e rved body w e i ght 

redu c t i on in exerc i s ed ma l e  rat s ,  but not in femal e  rat s . 

Mal e r a t s  t end t o  l os e  w e i ght w i t h  exerc i s e  even when fed ad 

l ib i tum , whe r e a s  fema l e  rat s tend t o  i n c re a s e  t he i r  feed 

int ake s u f f i c i ent l y  to maintain body we i ght to t he l eve l o f  

non-exe r c i s e d  animal s .  

The decrease in body w e i ght with age i s  c on s i st ent w i t h  

t h e  f i ndings o f  othe r s  ( 1 2 , 1 3 , 4 9 ) . Feed rest r i c t i on and 

exerc i s e  t ogether ( RE) redu c ed the magn i t ude o f  w e i ght l o s s  

w i t h  age . Howeve r ,  i n  AE anima l s  t he r e  w a s  a t endency f o r  

w e i ght l o s s  t o  begin a t  a n  ea r l i e r  age a n d  t o  b e  o f  great e r  

magn i t ude t han i n  A anima l s . 

The r educ t i on s  in epi d i dymal and p e r i renal fat p a d  

weight s w i t h  f e e d  rest r i c t i on ,  exerc i s e ,  a n d  a ge w e r e  in 

c on c o r dance w i t h  t he f i ndi ngs of Bert r and et a l . ( 1 2 ) , 

H o l l i fi e l d  et a l . ( 1 6 ) , P i t t s et a l . ( 1 4 ) , and P anomanga l o r e  



et a l . ( 7 2 ) . The s t r ong p o s i t ive corre l at i o n between f at 

pad we i ght s and body we i ght s agree with the f indings o f  

Gomme r et a l . ( 4 9 )  a n d  Be rtrand e t  al . ( 1 2 ) . The l a rge r 

va l ue between fat pad wei ght and body we i ght o f  A anima l s  

( 0 . 7 6 )  than t h at f o r  the other groups ( AE ,  0 . 5 6 ;  R ,  0 . 6 0 ;  

6 5  

RE ,  0 . 62 )  i nd i cates that e ither every-ot her-day feeding o r  

t h e  e x e r c i s e reg imen a l t e r s r e l at ive body c omp o s i t i on and i n  

a n o n-uni f o rm manner . 

The i n c r e a s e  in adip o s e  t i s s ue f a t t y  a c i d  synthes i s  

( AFAS ) with feed rest r i ct i on i s  con s i stent w i t h  the f i n d i ngs 

of Leve i l l e ( 1 9 , 6 3 , 6 5 ) , Steve n s on et a l . ( 2 0 ) , and 

H o l l i f i e l d  ( 1 6 ) . The l ac k  o f  an e f fect o f  exerc i s e  on AFAS 

i s  i n c o n s i stent with the res u l t s  of T o k ayama et a l . ( 4 1 )  who 

report e d  an i n c re a s e  in AFAS i n  rats w i t h  t r a i n i ng and o f  

Richard e t  a l . ( 2 9 )  who reported decr e a s e s  i n  AFAS i n  m i c e . 

The gene r a l  i n c r ease i n  AFAS with age ( from 1 2  t o  2 4  mo ) 

obse rved in the present study may be in d i s agre ement with 

Leve i l l e  ( 1 9 ) . The study o f  Leve i l l e  ( 1 9 )  howeve r ,  u s ed 

rat s v a r y i n g  i n  age from 1 t o  1 8  mo whereas in the pre sent 

study the r a t s  were much o l de r ,  i . e . , 1 2  to 2 8  mo o f  age . 

Aft e r  2 4  mo o f  age al l groups i n  the pre sent st u dy d i d  

exh i b i t  dec r e a s e d  AFAS . 

L i ver fatty a c i d  s ynthe s i s  ( LFAS ) was n ot a f fected by 

d i et or e xe rc i s e . H oweve r ,  T s a i  et a l . ( 3 1 )  and Toka yama et 

a l . ( 4 1 )  D e l lwo ( 6 9 )  have report e d  an i n c re a s e , whe reas 

Ri c h a rd et al . ( 2 9 )  and S c o rp i o  et al . ( 3 2 )  reported a 



6 6  

de c r e a s e  i n  LFAS with e x e rc i se . I n c re a s e d  in hepat i c  f a t t y  

a c i d  s ynthe s i s  a s  a r e s u l t  o f  t r aining m a y  b e  due t o  an 

ove r a l l  i n c r e a s e  in mobi l i z at i on and ut i l i z at i on o f  f a t t y  

a c i ds wh i ch needs t o  be compen sated f o r  by i n c re a s e d  

l ipogene s i s  bet ween t ra i ni n g  se s s i on s  ( 3 1 , 4 1 ) . D e c re a s ed i n  

fatt y a c i d  s ynthe s i s  a s  a r e s u l t  o f  exerc i s e c ou l d  be 

exp l a ined that c arbohydrat e i s  shunted away f rom t he 

s ynthe s i s  o f  l ip i d  i n  favor o f  energy s t o rage a s  g l y c ogen . 

Findings o f  othe r s  ( 1 7 , 1 8 , 1 9 , 6 9 , 7 1 )  have i nd i c at e d  that diet 

rest c t i on in t he form o f  me a l - feeding increased LFAS wh i ch 

i s  p o s s ib l y  due t o  the imme d i at e  adapt i ve change s t hat 

r e s u l t  in an i n c reased rate of c onve r s i o n  of c a rbohydrate t o  

fat . The p a t t e rn o f  fatty a c i d  s ynthe s i s  w i t h  age i n  l iv e r  

a n d  adipose t i s s ue was s imi l a r ,  i . e . , in gen e r a l , i n c r e a s e s  

in s yn t he s i s  o ccurred from 1 2  t o  2 4  m o  f o l l owed by de c re a s e s  

at 2 8  mo . Sul l i van et a l . ( 7 1 )  showed a de c r e a s e  in LFAS i n  

rat s f rom 5 t o  1 4  we e k s  o f  age , a n d  S t o r y  et a l . ( 7 3 )  

rep o r t e d  LFAS was not a f f e c t ed by age ( 2  t o  2 4  mo ) . O f  

c o u r s e ,  t h e  age range o f  the anima l s  i n  t he f o rmer s t udy i s  

not comp a r ab l e  t o  that o f  t he p r e s ent study . The l a c k  o f  

agre ement between the f indings o f  S t o r y  e t  a l . ( 7 3 )  and t he 

present s t udy c ou l d  be due t o  s t r a in di f ference s , e . g .  they 

u s e d  F i sh e r  3 4 4  r at s . 

The pat t e rn o f  g l u c o s e - 6 -phosphate dehydroge n a s e  

act i v i t y  ( G 6PD ) in bot h t h e  l i ver and adip o s e  t i s sue , i n  

gene r a l , wa s t o  i nc r e a s e  f rom 1 2  t o  2 4  mo o f  age and t o  
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de c r e a s e  at 2 8  mo . Leve i l l e  ( 1 9 )  reported a de c re a s e  i n  

adip o s e  G 6 P D  a c t i v i t y  in rat s varying f r om 1 t o  1 8  mo . The 

i n c r e a s e d  l iver G6PD act i v i t y  w i t h  feed r e s t r i c t i on agrees 

with t he f indings o f  othe r s  ( 1 9 , 6 3 , 6 4 ) . The l ac k  o f  change 

of l i ver G 6P D  w i t h  e x e rc i s e  d i s agree s w i t h  the f i ndings o f  

Askew et a l . ( 3 0 , 3 9 ) , Woods et a l . ( 3 3 ) , and Walbe rg ( 3 4 )  

who reported a dec r e a s e  in l iv e r  G 6P D  a c t i vi t y  w i t h  e x e r c i s e  

whe re a s  De lwo ( 6 9 )  and T s a i  e t  a l . ( 3 1 )  rep o r t e d  a n  i n c r e a s e  

i n  l i ver G 6P D  a c t i v i t y  w i t h  e x e rc i s e . Adi p o s e  t i s sue G 6PD 

act i v i t y  i n c r e a s e d  with exerc i se ,  but no c h an ge was ob s e rved 

with d i et r e s t r i c t i on . Askew et a l . ( 3 0 , 3 9 )  reported that 

exe r c i s e dec r e a s e d  adip o s e  G 6P D  act i v i t y ,  whi l e  Dohm et a l . 

( 4 3 )  reported an increase in t he act i v i t y  w i t h  e x e rc i s e . 

The di s c r epenc i e s  among the s t u d i e s  m i ght be e xp l a ined when 

va r i at i on s  in the research are t a ken i nt o  a c c ount . F o r  

examp l e , t he t ype of e xe r c i s e regimen , frequency and 

inten s it y  of e x e rc i s e ,  and t i s s u e s  u s e d  for ana l y s i s  a l l  

p l ay a r o l e  i n  t he r e su l t s obt a i ned i n  di f fe rent studi e s . 

I n c r e a s e d  adipose t i s sue l ipo l y s i s , me a s ured by 

g l y c e r o l  re l e ase , a s  a r e s u l t  o f  feed re s t r i c t i on is in 

agre ement with t he f indings o f  Gruen et a l . ( 5 0 )  and 

Bert r and e t  a l . ( 5 9 ) . K l e in et a l . ( 6 0 )  reported an 

i n c r e a s e  in l ip o l yt i c  a c t i v i t y  of fat m a s s in f a s t e d  human s . 

The i n c re a s e d  l i p o l yt i c  a c t i v i t y  w i th age in the p r e s ent 

s t udy i s  c on s i st ent with t he f i ndings of Gruen et a l . ( 5 0 ) 

and Bert r and e t  a l . ( 5 9 ) . L a c k  of e f fect o f  e xe rc i s e on 



68 

adip o s e  t i s s ue l ipol y s i s  agree s w ith the f i n di ngs o f  Walberg 

et a l . ( 3 4 ) . I n  the prese nt st udy l ip o l yt i c  a ct i vi t y  o f  

l i ve r  was i nc reased a s  a result o f  feed r e s t r i ct i on ,  

exerc i s e ,  and age . G l y cero l re l e a se may n ot be a comp l et e l y  

rel i ab l e  i n d i c a t o r  o f  l ip o l y s i s ,  f o r  examp l e  i f  o n l y  1 o r  2 

fatty a c i ds we re re l e a sed f rom a t ri g l y c e r ide y i e l ding a 

d i g l y ce r i de or mono glyce r i de re spe ct i ve l y ,  g l y c e r o l  wou l d  

not b e  r e l e a sed i n  the free f o rm and thus , the procedu re 

used ( 66) wou l d  underest imat e l ipoly s i s . Neverthe l e s s ,  the 

part i a l  hydr o l y s i s  of the t r i gl y ce ride wou l d  re l e a s e  f at t y  

a c i d s  f o r  u s e  a s  ene rgy or f o r  other purpo s e s . Thi s 

resea rche r i s  not aware o f  any report s i n  the l i t e rature 

whi c h  indi c ate l ip o l yt i c  act i v i t y  in the l i ver a s  a ffected 

by the independent var i ab l e s  o f  the pre sent s t u dy . 

Ani ma l s  Re spon s e s  t o  the Agi ng P r oces s :  

The e xp re s s i on o f  the dat a as a per cent o f  the 1 2  mo 

values was ut i l i z ed t o  att empt to i nt e rpret the r e l at i on s h ip 

o f  the va r i ou s  t e s t  responses a s  they changed du ring aging 

w i t h i n  an expe r i ment a l  group . The pos i t i ve corr e l at i on 

between fat pad wei ght s and body we i ght s i n  A anima l s  

i nd i c at e s  that changes i n  body we i ght s re f l ect the change s 

i n  fat pad we i ght s dur ing aging . The negat ive c orre l at i o n  

between LFAS a n d  LGR i n d i c at e s  that with i n c r e a s e d  fat 

s ynthe s i s the l ipo l yt i c  act i v i t y  i s  depre s se d . That LFAS 

does not c o n t r i bute d i rect l y  t o  ep idi dymal fat pad 

d i spo s i t i on i s  i ndicated by the negat ive c o r re l at i on between 
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LFAS and epidi dymal fat pad w e i ght . I n  A anima l s  t he 

de c r e a s e  in t he rat i o  o f  AFAS t o  AGR w i t h  age ( F i gu r e  6 B ) , 

tends t o  para l le l  the decrement s that o c c u r red in body and 

fat pad w e i ght s with age ( F i gu re 6A) . The fa l l  in adip o s e  

and hepat i c  G 6P D  act i v i t i e s  a f t e r  2 0  m o  o f  a ge wou l d  o f fe r  

l e s s  redu c i n g  c apac i t y  f o r  f at s ynthe s i s  and t h i s  redu c t i on 

c o in c i ded w i t h  t he age at wh i c h  body we i ght l o s s  w a s  

i n i t i at e d . 

A l t hough body w e i ght i n  AE anima l s  w a s  e s s ent i a l l y  

c o n s t ant f rom 1 2  through 2 0  mo , the we i ght s o f  the fat pads 

i n c re a s e d . Aft e r  2 0  mo body we ight and fat pad we i ght s 

dec r e a s e d  ( F i gu r e  7A) . S i nc e  AFAS e xpre s s ed a s  a percent age 

o f  12 mo s ynthe s i s  was great e r  t han s imi l ar va l u e s  f o r  AGR 

th r ough 2 0  mo o f  age ( F i gu re 7 B ) , i t  wou l d  be expected that 

a net a c cumu l at i on of adip o s e  t i s sue wou l d  o c c u r  as it d i d  

ove r  t h i s  t ime peri od . D u r i ng t h i s  s ame t ime p e r i od, LFAS , 

LG 6PD , and AG 6PD a l s o  t ended t o  be great e r  t han 1 2  mo 

value s ,  thus f avo r i ng l ipogene s i s . Aft e r  2 4  mo o f  age 

b i o chem i c a l  v a l u e s  t ended to f a l l  whe rea s  phy s i ca l  

parame t e r s  s howed dec rement s e a r l i e r ,  i . e . , a f t e r  2 0  m o  o f  

age . 

I n  R anima l s  the c o r re l at i on between body wei ght and 

fat pad we i ght s i s  c on s i s t ent w i t h  a marked de c re a s e  i n  a l l  

o f  t he s e  parame t e r s  beginn ing a t  1 2  mo o f  age ( F i gu re 8A) . 

AFAS , LFAS and AGR a l l  i nc r e a s e d  w i t h  age and peaked at 2 4  

mo . Howeve r ,  t he level o f  l ipo l yt i c  a ct i vi t y  ( expre s sed a s  
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a p e r c ent ) never s u rpa s sed t he l evel o f  l ipogen i c act i v i t y  

i n  e it he r  adipose t i s sue o r  t h e  l iver (F i gu r e  8 B ) . I t  mi ght 

be e xpec t e d  t h at given t he h i gh l ipogen i c  a c t i v i t y  a s  

c ompared t o  l ip o l yt i c  a ct i v i t y  that adipo s i t y  wou l d  have 

been i n c r e a s e d  i n  R anima l s  dur ing t h i s t ime inte rval . I t  

was not a s  indi cated above . The d i sp a r i t y  may e x i st because 

t he i n  v i t ro me a s urement s were performed on t he an ima l s  i n  

t he " fe d  s t at e " ,  i . e . , a ft e r  t he anim a l s  w e r e  e xp o s e d  t o  

feed t he prev i o u s  n i ght . Even t hough t he feed cup s w e re 

removed 2 h r s  b e fore t he an imal s were k i l l ed ,  t he in v i t ro 

me a s u rement s p r obab l y  r e f l ect a p e r i od o f  mo s t  a c t i ve 

anab o l i sm o f  t he anima l s . Had t he mea s u r ement s been made on 

a f a s t  day the AFAS m i ght have shown marked depre s s ion a s  

indi c a t e d  by Leve i l l e ( 1 9 ) . The h igh degree o f  c o r re l at i on 

( r= . 8 7 )  bet ween LFAS and AFAS in R an ima l s  i s  p r e s umabl y  due 

t o  t he t endency of both t he l iver and adipo s e  t i s sue t o  

ut i l i z e c a l o r i e  intake f o r  fat s ynthe s i s  f o l l ow i ng the day 

o f  f a s t . Further evidence for c e l l u l a r  c ondi t i o n s  fav o r ing 

f at s ynthe s i s  was the c o rre l at i on { r= . 3 6 )  bet ween LFAS and 

LGR in R r at s . Con s idering the p o s it i ve r e l at i o n s h ip 

bet ween L G 6 P D  and AFAS i n  R anima l s , i t  c o u l d  be a s sumed 

that i n c re a s e d  l iver redu c ing a c t i v i t y  a l s o  favo r s  adipo s e  

t i s s u e  s ynthe s i s  o f  f at . I n  re s t ri ct e d  fed an ima l s  ( R ) , in 

s p i t e  of t he r e l at ive h igh rat i o  of AFAS to AGR ( F i gu re 8 B )  

fat p a d  a n d  body we i ght s showed a rather c ont inuous 

redu c t i on with age ( F i gu re 8A, B ) . 
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Body we i ght and fat pad we i ght s de c r e a s e d  w i t h  a ge i n  

RE anima l s  and exh ibited p o s it ive corre l at i on s . The l eve l 

(pe r c ent o f  1 2  mo ) o f  AFAS e x ce eded AGR on l y  at 1 6  mo , thus 

adipo s e  l ipo l y s i s  e x ceeded l ipogeni c  act i v i t y  s omet ime 

bet ween 1 6  and 2 0  mo which c o in c i ded w i t h  t he i n i t i at i on o f  

we i ght l o s s  i n  t he s e  animal s .  The AG 6PD a c t i v i t y  e xh i b i t e d  

l e ve l s  mo s t l y  be l ow 1 2  m o  va l u e s  ( F i gure 9 A ,  B )  . The 

p o s i t i ve corre l at i on s  between l ipogen i c  f a ct o r s , i . e . , LFAS , 

LG6PD , AFAS , and AG 6PD in RE anima l s  indi c at ed an act i ve 

l ipogen i c  proce s s  t ook p l ace i n  both adip o s e  t i s su e  and 

l iver dur i ng t he " fed s t a t e " . Howeve r ,  l ipogen i c  act i v i t y  

w a s  n o t  o f  s u f f i c i ent magn i t ude t o  p revent adipose t i s sue 

we i ght l o s s  as the a n ima l s  aged . 

S i n c e  l ipogen i c  act i v i t y  i n c reased w i t h  age , but 

ep i d i dyma l and p e r i renal fat pad wei ght s ,  i n  gene ra l ,  d i d  

not i t  c ou l d  be p o st u l at e d  t hat t he i n c r e a s e d  amounts o f  

f at t y  a c i ds s ynthe s i z e d  were dep o s i t e d  a s  a d i p o s e  t i s sue 

e l s ewhere a nd / o r  u sed for othe r purpo s e s . F o r  e xamp l e , i t  

i s  known that b l ood l ip i d s  i n c r e a s e  w i t h  age ( 5 4 , 7 3 ) . 

Howeve r ,  s ince body we i ght d i d  not change subst ant i a l l y  

a ft e r  1 2  m o  o f  a ge i t  i s  un l i ke l y  that depo s i t i on o f  fat a s  

adipose t i s s ue c o u l d  e xp l a i n  t he age- a s s o c i a t e d  i n c re a s e  in 

v it r o  s ynthe s i s  of fatty a c i d s  b y  t he l iv e r  a nd adipose 

t i s su e . I t  is  p o s s ib l e  that i n c orporat i on o f  1 -
1 4

C acet ate 

i n  t he fat t y  a c i ds in v i t ro doe s not adequate l y  represent 

the rate of fat s ynthe s i s in v i vo . Thus , the author c annot 
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o f f e r  a c omp l et e l y  adequate e xp l anat i on a s  t o  why i nc r e a s e s  

in f a t t y  a c i d  s ynthe s i s  o c cu r red w i t h  age . 

The i n c r e a s e  i n  f at t y  a c i d  s yn t he s i s  obs e rved in feed 

re s t r i ct e d  anima l s  was probab l y  due to the short - t e rm e f fect 

of feed r e s t r i ct i on i t s e l f ,  e . g . , t he inc r e a s e d  s ynthe s i s  

r e f l e c t ed t h e  " fe d  s t at e "  o f  t he anima l s  o n  t he day t he y  

w e r e  k i l le d . I t  could be a s sumed that t he an i ma l s  were 

att empt ing t o  rep l e n i s h  t he i r  f at s t o r e s  t h at were dep l et e d  

f rom t he previ ous " day o f  f a st " . 

W i t h  e x e rc i s e ,  e spec i a l l y  l ong-t e rm mode r at e  act i v i t y ,  

t h e  mu s c l e  s h i ft s  f rom t h e  ox i dat i on o f  c arbohydrate t o  t hat 

o f  fat a s  an ene rgy s ource ( 4 2 )  . Th i s  i s  c o n s i s t ent w i t h  

the r e duct i on i n  adipose t i s s ue ob s e rved i n  the exerc i s e d  

anima l s . I t  i s  theoret i c a l l y  po s s ib l e  t hat t h e  amount o f  

adip o s e  t i s s ue wo u l d  not b e  reduced w i t h  e xe r c i s e  i f  

l ipogene s i s  w a s  c or r e spondingly incre a s e d . However , 

l ipoge n i c  a c t i v i t y  o f  adipose t i s sue di d not i n c r e a s e  w i t h  

exerc i se . The a c t i v i t y  o f  G 6PD in adipo s e  t i s s ue d i d  

i n c rea s e  i n  e xe r c i se d  animal s .  P e rhaps the r e duc ing p ower 

gene r ated b y  t h i s  enz yme w a s  be ing used d i rect l y  f o r  energy , 

i . e . , f o r  p r oduct i on o f  energy - r i c h  phosphat e . 

I n  gene ra l , i t  i s  known t hat reduct i on i n  feed intake 

k eeps anima l s  phys i o l og i c a l l y  younge r ,  i . e . , ret a r d s  age­

a s s o c i at ed change s ( 9 , 1 2 , 4 5 ) . The r e su l t s  o f  the p r e s ent 

st udy s howed that l ipogene s i s  and l ip o l y s i s ,  a s  i nd i c a t e d  by 

the b i ochem i c a l  mea surement s ,  i nc r e a s e d  w i t h  age , i . e . , up 
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t o  2 4  mo . B o dy we i ght and fat p a d  we i ght s i n  gen e r a l  

de c r e a s e d  w i t h  age . The b i o chem i c a l  t e s t  r e s p o n s e  u s e d  t o  

i n d i c a t e  rat e s  o f  l ip o gene s i s  o r  l i po l y s i s  d i d  n o t  change i n  

a manner t o  i ndi c a t e  that re s t r i cted and/ o r  exe r c i sed 

a n i ma l s  were b i o chemi c a l l y  younger t h a n  ad l ib i t u m fed 

a n i ma l s . 

The r e gu l at i on o f  l i pogen e s i s  depends t o  a l a rge ext ent 

on t he a v a i l ab i l it y  of c a l o ri e s  to the t i s s ue s i nv o l ved i n  

f at t y  a c i d  s yn t h e s i s  and the abi l i t y  o f  t he s e  t i s su e s  t o  

met ab o l i z e  t he c a l o r i e s . Energy b a l a n c e  a l s o  s e rve s i n  a 

regu l at o r y  c a p a c i ty of l ip o gen e s i s  ( 4 5 )  . The spe c i f i c  

chemi c a l  mech a n i sms b y  wh i c h  t h e s e  f a c t o r s  regul at e  t he r a t e  

o f  f a t t y  a c i d  s ynthe s i s  have yet t o  be de f i ned . 
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CHAPTER VI 

SUMMARY 

Ma l e  wean l i ng Wi s t a r  rat s were fed ad l ib itum (A)  or 

ever y - other-day fee ding ( R )  from 6 weeks t hr ough 2 8  mo o f  

age . A and R anima l s  whi ch we r e  exe r c i s e d  b y  swimming 3 h r  

eve r y - ot he r - day w e r e  de s i gnated a s  AE a n d  RE .  

Mat u r e  b o d y  we i ght s o f  rest r i ct e d- fed anima l s  we re 2 8 %  

l e s s  t h an t h o s e  fed ad l ib i t um . Exe r c i se r e du c e d  mat u re 

body we i ght o f  A an ima l s 6 . 2 % wherea s mat u r e  body we i ght s o f  

R an ima l s  were n o t  a ffected by exerc i se . Epi di dyma l and 

per i re n a l  fat pad wei ght s of rest r i c t ed-fed anima l s  were 5 9 %  

l e s s  than t ho s e  o f  a d  l ib i t um- fed rat s . Exe rc i se a l s o  

redu ced ( 3 0 % )  fat pad w e i ght s .  Body we i ght s and fat p a d  

we i ght s ,  i n  genera l , dec reased w i t h  age . 

L ipogene s i s ,  a s  indi c at e d  by t he i n  v i t r o i n c o rp o r at i on 

of a c e t at e  l -
1 4

C into f at t y  a c i d s  was e l evat e d  i n  adipose 

t i s sue by dietary re s t r i ct i on and age . Exe r c i se d i d  not 

af fect adipose t i s su e  fatty a c i d  s ynthe s i s . L i v e r  fat t y  

a c i d  s yn t he s i s  wa s i n c re a s e d  w i t h  age , b u t  i t  wa s n ot 

a f f e c t e d  b y  e i ther d i et o r  exerc i se . G 6PD a c t i v i t y  w a s  

i n c r e a s e d  i n  t h e  l i ve r by d i e t a r y  r e st ri ct i on a n d  w i t h  age . 

Adi p o s e  G 6P D  a ct i v i t y  i n c re a s e d  w i t h  e xe rc i s e  and w i t h  age . 

L i p o l y s i s  was e st imated by i n  v i t ro g l y c e r o l  r e l e a s e . 

L iv e r  g l y ce r o l  r e l e a s e  was i n c re a s e d  by d i e t a r y  r e st r i ct i on ,  

exerc i se and w i t h  aging . Adipo se t i s sue g l y c e r o l  r e l e a s e  
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was a l s o  i nc re a s e d  b y  diet a ry r e s t ri c t i on a n d  w i t h  age , but 

it was not a f fe c t ed by e x e r c i se . 

The age change s ,  in gene ra l , were qu adr at i c ,  i . e . , 

i n c re a s e s  o c cu r re d  unt i l  2 0 - 2 4  mo o f  age and t hen dec re a s e d . 

A h i gh p o s i t i v e  c o rre l at i on bet ween body we i ght and fat p a d  

we i ght was obs e rved . In gene ra l ,  there was p o s i t ive 

c o r re l a t i on between l iv e r  l ipogene s i s  and l iver G 6PD ; a l s o ,  

between adipo s e  f at t y  a c i d  synthe s i s  and e it h e r  l iver G 6PD 

or adipo s e  G 6P D . 

The h ypothe s i s  o f  the s tudy were : 

1 .  l ower adult body we ight and body adip o s i t y  wou l d  

b e  obt a ined f o r  d i e t  rest r i c t e d  t han f o r  a d  l ib it um­

fed r at s . Thi s  w a s  s upported by t h e  r e s u l t s  o f  t he 

p r e sent s tudy . 

2 .  a dec r e a sed r a t e  o f  l ipogene s i s  and an i n c r e a s e d  

r a t e  o f  l ip o l y s i s  wou l d  be obs e rved i n  d i e t  

r e s t r i ct e d  anima l s . The resul t s  indi c at ed an 

i n c r e a s e d  rate o f  l ip o l y s i s  and o f  l ip o gene s i s  w a s  

a s s o c i at e d  w i t h  di et rest r i ct i on . 

3 .  l ow e r  adu l t  body we i ght , adipo s i t y ,  and l ipogene s i s ,  

but h i gher l ipo l y s i s  wou l d  be obt a ined f o r  exer c i sed 

than f o r  non-exe r c i s e d  rat s . Lower body w e i ght , 

adipo s i t y  and incre a sed l ip o l y s i s  was ob s e rved in 

e x e rc i s e d  rat s .  The decr ement i n  l ip ogene s i s  was 

n o t  ob s e rved with e x e r c i se . 
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4 .  l ower a du lt body weight and adipo s it y ,  dec re a s e d  

r a t e  o f  l ipogene s i s ,  a n d  inc r e a s e d  r a t e  o f  l ip o l y s i s  

wou l d  b e  obs erved i n  d i e t - re s t r i ct e d  exer c i s e d  

anima l s  t han in ad-l ibitum non-exe r c i s e d  anima l s . 

The r e su l t s  o f  the p r e s ent s t u dy we re c on s i st ent 

w i t h  t h i s hypothe s i s  ex cept t hat an i n c r e a s e  in 

l ipogene s i s  i n  d i et -r e s t r i ct e d  e xe r c i s e d  anima l s  was 

ob s e rve d .  

5 .  body we i ght , adipos i t y  and l ipogene s i s  wou l d  

dec r e a s e  with age , but l ip o l y s i s  wou l d  i n c r e a s e  w i t h  

age . The r e su l t s  s upported l ower body w e i ght and 

adipo s i t y  w i t h  age and an i n c r e a s e d  rate o f  

l ip o l ys i s ,  but d i d  n o t  s upport t he hypothe s i z e d  

de c re a se in l ipogene s i s . 
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