
RELATIONSHIP BETWEEN ADIPOSE CELL SIZE AND LIPOGENESIS IN OVINE ADIPOSE TISSUE

R.L. HOOD and R.F. THORNTON

CSIRO Division o f Food Research, North Ryde, NSW Austra lia

INTRODUCTION

Adipose tissue has the capacity to store excess ca lories in the form o f t r i  acyl g lycero ls . However, in arl 
which are k i l le d  fo r  meat, th is  specialized function may re su lt in  carcasses w ith deposits o f excess fat- ¡¡p 
fa t  often has to  be manually trimmed from certa in  cuts o f meat and is  o f economic concern to both produce 
processors o f meat-producing animals.

Adiposity can occur through an increase in  adipose ce ll number (hyperp lasia), c e ll size (hypertrophy) °r , er 
In the sheep, adipose ce ll size and number increase fo r  the f i r s t  11 months, whereas beyond th is  age fur I| coH' 
accumulation o f fa t is  due to f i l l i n g  o f ex is tin g  ce lls  w ith l ip id  (Hood and Thornton, 1979). The genera^je 
elusion o f two reviews (A llen , 1976; Hood 1977) is  tha t ad iposity in  extramuscular fa t  depots o f sheep, 
and pigs resu lts  p rim a rily  from hypertrophy rather than hyperplasia o f adipose c e lls .

Using adipose c e ll populations isola ted from animals o f d if fe re n t age or weight, re la tionsh ips have been 
between adipose c e ll volume and the rate o f l ip id  synthesis (Smith, 1971; Hansen e t a l . ,  1974; Glumann si5 
Vinten, 1974; Hood and A llen , 1975). In these studies i t  is  d i f f i c u l t  to  a ttr ib u te  changes in l ip id  sy ^  
so le ly  to  the e ffe c ts  o f adipose ce ll s ize , as other variables (e.g. age, ad ipos ity , n u tr it io n a l status) 
pound the experiment. True e ffec ts  o f adipose ce ll size can only be determined on single heterogeneous P 
la tions  o f adipose c e lls  from a single adipose tissue.

t ion
This paper discusses the use o f a technique (Hood and Thornton, 1980) to  determine the re la tiv e  incorp°r ¡̂¡n 
o f rad ioactive acetate in to  l ip id  in adipose ce lls  o f varying sizes w ith in  a population o f c e lls  is o la te 
a s ing le  sample o f ovine adipose tissue.

METHODS
\ ffO^ ^

Sheep were selected w ith liveweights o f e ith e r 33 or 49 kg (designated as groups A and B respective ly) 
lin e  o f large framed Merino wethers. Three sheep in  each group were fed lucerne chaff at less than a it—. _________________________________________ J iU g lr
fo r 15 days, then combined in  a sing le pen and offered the same d ie t o f lucerne chaff ad lib itu m  fo r  apPr 
mately 40 days, tha t is ,  u n t il slaughter.

•5t o'
The order o f slaughter on a p a rtic u la r  day was randomized. The sheep were stunned with a captive b o lt P' 
and the blood vessels o f the neck severed. The p e lt was removed from around the base o f the t a i l  and °v
shoulder and the abdominal cav ity  and b riske t opened to permit immediate sampling o f adipose tissue f r0(n 
subcutaneous (rump and shoulder), omental (adjacent to the p y lo r is ) ,  perirenal and b riske t depots.

the 

ffee
Tissue s lices (<1 mm th ick ) o f adipose tissue (200-300 mg) were rinsed in iso ton ic  NaCl a t 37°C to removed 
l ip id  released from adipose c e lls  which had ruptured during s lic in g . The s lices  o f adipose tissue were 
on f i l t e r  paper, weighed and incubated w ith  10 yCi of acetate, 1- C (Hood e t a l . ,  1972). A fte r 2 hoUC*xed ^ 
tissue s lice  was washed w ith 0.154 M NaCl to remove surface 1 4C-acetate and the adipose tissue s lice  f | *  were 
3% osmium te trox ide  (Hirsch and G a llian , 1968). A fte r a minimum o f 72 hours f ix a t io n , the adipose ce l15 
iso la ted  (Hirsch and G a llian , 1968).

filtar hi
Adipose ce lls  were s e r ia lly  separated in to  groups according to th e ir  diameters using p la s tic  Nalgene T' e 
un its  (No. 245/0045) a fte r  removal of the p la s tic  bases and the M illip o re  f i l t e r s .  The modified f i l t er* py 1 
f i t te d  together, such tha t a nylon screen, supported by the g rid  on the lower u n it ,  can be held in  Plap!si^.f 
upper u n it  (F ig. 1). Ten nylon screens (Swiss Screen Pty. L td ., Sydney) were placed, in  order of decre* 
pore size (250,223,202,183,153,130,102,80, 53 and 25 y ) , on the grids o f each f i l t e r  u n it. The arranS iCref 
f i l t e r  un its  is  shown in Figure 1 . The iso la ted population o f adipose ce lls  was washed onto the uPPeL  baslS 
(250 y ) and eluted through the 10 screens w ith  d is t i l le d  water to separate the ce lls  in to  groups on tn :̂ h  
o f diameter. The adipose ce lls  from each screen were washed in to  weighed s c in t i l la t io n  counting via ip e ^  
d is t i l le d  water and the fixed  ce lls  allowed to s e ttle . Most of the water was removed w ith a Pasteur P Fny1°n 
and the la s t traces removed by drying over anhydrous s i l ic a  gel in  a dessicator fo r  24 hours. When tn iops ^ 
screens were properly seated on the p la s tic  grids o f the f i l t e r  un its and the c e lls  are rinsed w ith scfe 
amounts o f d is t i l le d  water the d is tr ib u tio n  o f adipose ce lls  calculated from the weight o f ce lls  on ea 
was s im ila r to  tha t obtained using data from a Coulter e lec tron ic  counter (Hood and Thornton, 1980)- ¿ll

ed
The number o f c e lls  on each screen was calculated from the weight o f osmium-fixed adipose ce lls  (aSSU2ec o ^  
o f 1 . 1  g/ml) and the calculated average volume of c e lls  co llected between successive screens, 
the osmium-treated c e lls  w ith  hydrogen peroxide (Etherton e t a l . ,  1977), the ra d io a c tiv ity  in  each co ' ing 
v ia l ,  tha t is  fo r  a known number o f c e lls , was measured using a Packard 2660 liq u id  s c in t i l la t io n  cou 
system.
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Schematic diagram o f the 
arrangement o f the ten 
f i l t e r  un its  used in the 
separation o f osmium 
te trox ide -fixed  adipose 
ce lls .

Figure 2. The d is tr ib u tio n  o f c e lls  in a heterogeneous populat^n 
o f adipose c e lls  and the incorporation o f acetate-1- C 
in to  l ip id ,  expressed on a per c e ll basis, in ovine 
omental adipose tissue.

i  6-

X
A verag e  c e ll d ia m e te r ( / im )

3.
The percent o f adipose c e lls  in each 
diameter range.and th e ir  incorporation 
of acetate-1- C in to  l ip id  in perirenal 
adipose tissue from sheep w ith  d if fe re n t 
9rowth rates.

Figure 4. The percent o f adipose ce lls  in  each
diameter range and th e ir  incorporation o f 
acetate-1- C in to  l ip id  in b risket 
adipose tissue from sheep with d iffe re n t 
growth rates.

$uiTs
and

discussion
diffSelectiV 6|"erit I° n and subsequent feeding o f these sheep was designed to  enable the is o la t i 

i.^ z e s  which were lip o g e n ica lly  active . Liveweight gains during the 40 day p 
 ̂ 9/daw 4-u^ uoinhtc n f thp Qhppn in arnuDS A and B were 42

..on o f adipose ce lls  o f
‘•'j4 wmch were lipogem cany active . Liveweignc yams uu..,,y ^  ™ k^ re so e c tive lv
9/day and the f in a l average weights o f the sheep in groups A and B were 42.8 and 58.3 kg respective y.

<!iïî Of ? i ! t r i ^u t ion

tot;!Ssue
-■the ce lls

o f adipose ce lls  from ovine omental adipose tissue is  shown in  Figure 2. The average 
in  th is  population is  0.648 n l. Although less than 1% o f the adipose ce lls  in  omental 

t 0 i ^ e  were greater than 153 u in diameter, these large ce lls  were very active  in  converting acetate 
*  acidi Plcl (F ig. 2). In ruminant adipose tissue most o f the ra d io a c tiv ity  was in  the form o f long chain 

when acetate was used as substrate (Hood e t a l . ,  1972; Hood and Thornton, 1980).
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Lipogenesi s , expressed on a per c e ll basis, increased with increasing c e ll size in  omental adipose tissue 
(Fig. 2). However when the incorporation o f ra d io a c tiv ity  per c e ll was adjusted fo r  surface area by dividing 
the incorporation values by the surface area o f a c e ll o f average size which was withheld on a particu la r 

i o rrec t^  actlV1^  s im ila r fo r  ce lls  o f a ll  sizes (F ig. 2). This suggests tha t increased 
a c t iv ity  in large adipose ce lls  is  a function o f the surface area o f the c e ll.

These data provide no information on the reason why some ce lls  are la rger than others. The reason may not 
due to activated biochemical pathways in p a rticu la r ce lls  but possibly due to the position  o f the ce ll in
™ n^tM n !tvSr f n i r ,9eth dr ° ^  m?y b? located in areas o f least physical pressure, hence have a great*
opportunity to  f i l l  w ith l ip id .  This is  also supported by differences in adipose c e ll size between sites. 
Larger adipose ce lls  have been reported in  the in te rna l adipose depots (perirenal and omental) than in intra
muscular s ites  fo r  sheep (Hood and Thornton, 1979) or c a ttle  (Hood and A lle n , 1973). Presumably in these 
in te rna l s ite s , there would be less physical resistance to prevent the f i l l i n g  o f adipose ce lls  w ith  1 ip id-

The incorporation o f acetate in to  l ip id  in  the perirenal adipose tissue o f the sheep w ith rapid growth (9r0[>Lr
was greater than tha t in  slower growing sheep o f group B fo r  adipose ce lls  o f a ll  sizes (Fig) 3) This
incorporation in  the fa s te r growing sheep occurred even though the adipose ce lls  were on the average smaller 
them in  the slower growing sheep (see histograms Fig. 3) which were heavier than the sheep w ith the faster 
growth rate . These data ind icate  tha t ce ll size is not an absolute determinant o f the rate o f lipogenesiS' 
C learly growth ra te -n u tr it io n a l status has an overrid ing influence, when compared w ith  c e ll size However, 

w ith in  a heterogeneous population o f ce lls  from one animal there is  a re la tionsh ip  between ce ll size and f / ' f  
acid synthesis. Comparisons between adipose ce ll size and biochemical parameters, emphasises the important 
carrying out metabolic studies on ce lls  o f spec ific  size which have been iso la ted from a single section of e
a ipose tissue. Previously, animals o f d if fe re n t age or weight had been used to  prepare populations of ad1?
c e l’ s w ith a d if fe re n t mean size. In te rp re ta tion  o f such studies is  d i f f i c u l t  as i t  is  often not p o s s ib le / 
a ttr ib u te  the e ffe c ts  to adipose ce ll size or d ifferences in  growth rate or ad ipos ity . A s im ila r e ffec t of 
growth rate on lipogenesis to  tha t in  Figure 3 was observed in  perirenal and subcutaneous adipose tissue f r 
the rump and shoulder (data not shown). However in the adipose tissue from the b r is k e t, growth rate did n°:keu 
e ffe c t lipogenesis since incorporation per ce ll was s im ila r fo r  ce lls  o f s im ila r size (Fig. 4). In the b n 5* 
the d is tr ib u tio n  o f adipose c e lls  in  each diameter range was s im ila r fo r  the sheep in  groups A and B (see 
histograms, Fig 4). In the group o f sheep which underwent rapid growth the b riske t was less active than 
adipose tissue from the other s ites  in  these sheep.

Figure 5. The incorporation o f a c e ta te - l-14C in to  l ip id  in intramuscular adipose tissue 
from the longissimus dorsi muscle (Hood and Thornton, 1980).
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sCnlirtlinary Study o f the adipose ce ll separation technique using adipose tissue from Dorset Horn x Me r iy° 

f ,Wlth large fa t depots (58% o f carcass meat as fa t)  found tha t lipogenesis increased w ith ce ll size (H°°d 
C l in t o n  (1980)- Fig 5). In the very largest ce lls  (260 y fo r  intramuscular and 30 0 -335 y fo r  subcutaneous 
»f ^ t i s s u e )  there was a decline in  a c t iv ity ,  however th is  decline may have been arte factua l due to grouping 

1 er c e lls . This find ing  was not observed in any o f the tissues studied in  the present experiment in
the adipose ce lls  were less than 240 y in  diameter.

When
V  number o f ce lls  per diameter range was taken in to  account, intramuscular ce lls  in  the range 100-130 y 
(Fi 1 * most active in  lipogenesis (Fig. 5). In a ll  tissues where small adipose ce lls  (25-50 y) were p le n t ifu l 

' 4 and 5 ) ,  these c e lls  contribute very l i t t l e  to the incorporation o f substrate to fa t ty  acids.

i ^ hnique described in th is  communication is suitable to study the relationship between ad!pose ce ll size 
iatj l pQ9enesis, since the method u tilis e s  individual ce lls w ith in a population of ce lls rather than compari g 

^0ni cells of d iffe ren t mean size, which may have been isolated from d iffe ren t animals. Rapid growt 
refleeted in increased incorporation of acetate into l ip id  in a ll ce lls in a heterogeneous population 

b’Pose cells. Large adipose ce lls are more active than small ce lls w ith in a single population, and th is  
^elated to the greater surface area of large cells than small ce lls .

is. Ldrye auiyusc m u ,  u it  ...„.v- ----- ---  --
to  the greater surface area of large ce lls  than small c e lls .
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