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the ~taole body lost mls.timly less fat than the original. ppop~~rt lons  :!n the 
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ARCHIVES 1 
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The fnuraaslm nmxrsneaa of the consequences of excessive aaloric 9nW-e 

lending fo avemeif:ht, ohes3ty and aocelembd deyenemt3tts chn(ca8 hfls 

increased interest in the ver%tjox-a jn (emss hody con-wsltfon under different 

nutritional s t a t e s  and i n  diseased conditlona. Guantitative ast¶mntfone of 

gmsa body aom.oeit?on of msn, initiated by 6ehnke and co-wor4cers (1,2) and 

sxtendd by 8 nun;ber of other lmrestl~~tors !3,4)  bve shown t M t  the hulk of 

the alteration in body compos3t5on ¶s nocounted for by ohanpa In the amount 

of body fat. Hollrever, the atudles of X q s  and co-m&cera (3)  indlcated that 

material other tbrn fbt also cbnnpv'. In fsct, Xeya' studios on body rcelcht 

gein led them to conclude thnt the tissue pained ksd a deaalty of 0,048 and 

8 compe3tion which appmxlmaW U per cent extracellular fluid, 62 per cent 
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fmn adipose tissue 3n an anatomhal ae-, and tu% t h ~  prt of We 'lady 

ohsnginf t-h ahple  overeating I s  edipoee tissue, 

In the pmaent etaxdy an attempt &-a besn @de to obWn Rd4ittoOal 

hforrmatfon on the neture of the R 1 ~ ~ 4 A O n 8  producd d u r l ~  A¶atarJly-Zn?uced 

weight reduatlon. T b  compoeitlon of tho tissue loet, bred  OP, cnlcul~tlons 

f r o m  data on body might, body r ra te r  and body volume, hns been compwwd to 

ths aoqmsltlon of ad5yose tlseue determ3ned by cheut?oal m o t b d s  on bzopay 

aanplef~ token before and after might reduetion. 
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- Before, d - 4  Rnd after welrht reduotion detemhfi- 

tions of body 

defenttfned by the trltiunr dglution techn3qum and body volume bd use of a bllum 

chamber (e), ;(e are indabted to DF. i i ~ l l ~ a m  SIM, Univeralty of CaZifornia, 

Berkeley, for mwuruuenfa of body water and body volume, Them data, recorded 

in Table 11, rare used for calculation of body densfity and eom,meition of 

tisaw lost (Table TIT). 

body water alrrl body voluma were mde. B&dy water rp18 

- Prior to and after m*ht roduct3on biopsy samples of 

subautsnoous abdominal adipose fiasue -re obtained under local p m a i n a  

anesthea9a. C a m  ma talcon t0 keep the lajecfed sohtion 8~837 froar ths biopsy 

S a r p p l a o  Cam wns a3w taken t o  obtain 3-10 grams of adgpoae t i w e  free fmm 

connective tissue. A atiuiU portson of the tissue vies plaoed in formlln for 

hi8b lOe%9 ettrdy and the reminder m8 aut into 2-3 plecee for dcrtetraimtiona 

of deneity ard mbsequeuf Ch8n?U81 sna3ysia. 
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The d a b  on the meeuremnte of body wdght, body water and hody volunrs 

are presented in Table f f ,  along w l t h  8 oalculation of the body fat, bn& 03 

the aasumptlon that the f a t - h e  body mass is equal to body wRter/O,72 

(2,12,13)a It fs bwn that the periods of dletaqr reatrlctlon reaultcwl in 

deomaaee of all rpeaaurerpeats and 4n ? d y  fat, 
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'I'IONAL ARCHIVES I 
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The valuee thua dorlvad !Columg 7 end 8, Tsbb TIT) fndiante that fat 

contfmed loea of body ht. Xi; may alao be noted t h a t  the 

fa Subject E w?L8 quffx evenly divldod b t r z s n  fat md non-fat wmpo.neats, 

mlrht loes 
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Sinoe $he oahaletlaai used for the data in Table X I 1  t o  akudy f a t  WFSW 

. non-fat tissue ohanges rap be too sinplified a method of study, bdy fat 

emtents wre calculated by 4 different approaches and the fat  changes for 

these saaaa intm!ls have been cornparod in Table IN with those obtained by 

the ahartar method, 

Brosek (3), and of S i r i  (15), us- carly body density, Tno more celculetione 

used the bcdy water values (Table XI); the equatim of S i r i  also applying tho 

Two calculatbns of body f a t  were those of Key8 and 

bady densit3 (8), the other derived f'run the simple relationship of Q 7 3  

water aanteut in the fa&=h+ee body (2,l2,U). b 

Fmm the data in Table IV it can be seen that the cumulattve body fat 

lossea, aalaulated by the simpler mthod (Table III) i n  the firat 3 pericde 

canpard mo& favorably with the  more elaborately deriped formha in which 

body density esfinations were used (fafmuhs 1 and 2). However, 3.n the Inst 

two interpels the fef lassos calculated by the shpler metbed a p e  nost 

closely with the m h e s  obtained wtth the formulas in w3ich b d y  water values 

were used (fo,..rmulas 3 and 41, It is significant that after t h e  body wei@t 

during; the 4th interval studied in Subject B (64086.5 k i l o s ) ,  when the 

baiy fat w o u l d  likmise . B axpcted t o  increase, cmly the formtlas ( 3  snd 4) 

based 00 badg water mzsumments Sve indications of mch an imroase in f a t  

content. Thi3 aupFo&s She greater rsliabili%y af the body fe9; detemdr\mfion 

invalving M 3  '(OBteT. 

-t3 ChedqpJ Anal= - Table IV shcws hm -tho perrods of die t  

affected the  camposttion nnd densfty of subcutanems aW<llinaI adipoue ti3wrti 

in the 2 subjects, Tho chemical cc)rny?asitions rcporcl;ed are average vtdues frfic 

analyses of 2 or 3 portlone frm esch bioFoy szmpl~. 
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PRODUCED AT Ti;€ NATIONAL ARCHIVC 

Clearlg a h m  f a  the decrease of fat eontent during bod9 weight reduction 

fn both subjscts. Those losses am oxpressed not only in teras of s peroent- 

age omtent Clecrease t o  79p and 92% of the ori@nsl fat aontenta, ht also 

mme markedly in the loss of fat p3r residue t o  about half of the orig innl  

levels 3.n both sub3eots. This latter measure r e l a y  the fat  t o  nm-fat, 

nonlrtater aonstftuents, and ths pzwttdes a truer conprison t o  more constant 

p d i a n s  of cellular mterial, espie l ly  votein. 

The yredcmiruint l08a of Fat *om the adipose tissues caused in bath 

subjects an increase in the denaltiee ci the tissues. ThLs is apparent not 

onlf in the values cnloulated *om the chemical composiflons, but also in the 

obtnhd d M  M m t ,  which a w e  well w i t h  the farmer, 

which w e r e  obtcined using Mgurea of 0.91, 1.00, ,snd 1.40 ,gas/& respctively, 

for the densitiee of fat, miter, and residue, a t  TWXI tempemture. 
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averaged 17.3. This inollease of 4 nuclei per field was found significant 

a t  t h e  I$ lave1 (Student *t" t e s t ) ,  and 5s of' the same mognltude (m) as WAS 

to  be expected R.nm the data of Table IV, ahem A decrenae of 2@ mag be n o t 4  

in the tutal mount of tissue material (ftit ,  water, and residue) per DNA 

In aubjeet E. 
I 

The results described here  on the density of th?s matorial lost during 

weight reduction  re in accord with those reported by &her hVQSti.g&OI%, 

and support the coaclus!on that, cltt-ough f a t  represents a large partian of 

the w e i g h t  lost, other ncn-fat umteciels also participite in the loes. 

ndditlon, the data oblxlned by chemical analysea cn biopsy snnqles talcen 

Ia 

before and spfer w e i & t  mduetion lenva no doubt that fat hac b e n  remed 

-4.- adipose tisme, 

that non-fat materials also have been lp8mcv6d From adipose tissue, it seem 

unlikely that R great portfon of the non-fat mo.ter!.nl labt  R.m the bady 

And,  although it is appareut from direct amilysis 

density of tismas loat or added the whole body shcmld resemble that 09 

ndip1239 tiSsu3, a d  (2) d e w  tissue donaify'md cirnpositi.cn should resin 
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cocfected t o  M y  ternpenittare lq von D8beln('). Between theae figurea 

l ie mast values obtained fur the density of tiasues lost or gained during 

body weight chaages in the husann, as reported by Elehnka, Osserman end ?iolhen\(*), 

and by Kegs and B r o a  (3) . 
Likeriae, the densities of adipose tiasuea in our 2 mbJects were 

0.93 W/ml before weight reduction, both hy d t r e c t  detennfnation and by 

calculation fk.m chenical nnalysea (Trhle v), Tkis V.?xlnc vmld correct t o  

0.92 m/d a t  body tcHamtm. Siatilarly, the data in Tabla 113 fndIcef0 

that M y  tAsffusa lost during weight reduction ham densities of 0.92-0.96 

gms/ml nt badf teraperstUre, figures quite close to those of the adipose 

tiaaue densities. From these vnluas alone, we9 too, c0r;clude that 

adipose tisoue has participated ualformly in body weight loss. 

Hmmer, cnrefil a n a l p i s  of the data indicates thnt this is not so. 

Firatlp, tissues lost 8% most interv?ls in both subjects are 5e-e~ than the 

original adipose tissues. This I s  true for the cualulative total tissues 
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That these nanYfnt coajponents did not come# a t  least brgely, from the 

depots themaelves is indicated by tho data of Table V ,  which shm t h a t  the 

depoto actually lost a greater proprrtion of f a t  then of non-fat mterfnis. 

lost preferentially *om the depots, a proceas M h a r  indicated by the 

incr~a~ed ht tissue densities detemlned in Subject E, The small ahanges 

i n  .??at= nnd DFIA per residue also w?port thilo ccncLwIcn, eapscfally in tko 

face of a 5% drop in fat pr  pesidue in both subjscts. 

been s e n  in compring analyses os’omtain depots im? t he  ro t ,  On t h e  other 

hand, susp5clon in thle  c-so llas in the r0c.G *chn% t’t.0 subject had been on a 

dwelopment of d i s t i n c t  kstmuris an3 ketononia, 

ccnsistcd mostly of mtcr (Table Il), ant? it my well ba that the d i s t u r b  

The consaqwn?, weight loss 
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greater than thee in adipoee tllsaue while the propOrt3on of fat P Q ~  smaller. 

On the other hand, in the = M a l  los t  *asl the depots the percentage of 

fat was grwter than that origbally present I n  th3 adipose ti88ue. #'a m a t  

conclude therefore that vrhlle adipose tissues probblg contributed i n  

greateat 1 ~ 8 a ; ~ l l r e  to the fa t  (and body weight) loss during weizht reduction, 

other 80ft tissues a l so  contribute sip;nif5ap.ntly t o  the body aei&t decrease 

by losing non-fct components. Uniform participation of adipose tiaaue 

csmpnents in 'body weight loss, as prevlmslg concluder?, is rtssupported by 

, 
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19.0 
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17,7 
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0.935 

23-2 
5.2 
.w97 

6.22 
I, 36 
9,259 
7.81, 


