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Preface 

As early as 1 16, L d 101c e and idu.le (1) otea tha t in 

layin hens , the level of pL .. s '"a l · i,id.;::, \,as ar1rnaly increased 

over thbt of the ~ w~tur e female bird . a ter (4) wore ·s 

a. t the Ur versi ty of Callfornia r e orteo. sirr.ilar findings 

on the atty acid , chol es t erol , and bospholi_µid levels , when 

estrogenically ~o t ent substances present in vreg ant mare 

urine ivere i:ldu1iri' stereo to you 10 ullets aLd co kerels . 

v~ · t h the a vent of the synthet ic estr o ens a.nci mo r e s ecific 

ally the hignly p t ent ti i e thyl s tilbestrol , va r · ous workers 

foun thctt t hese subst nces gave even mor e dra, a tic r esults . 

Li ttle or nothing has b en s 01 ·n to "e ini t e l y estdblish 

the ~rimary origi 1 of the a t int e lipemic blood . It 

seems l ikely that t her e are t wo }Jossi l e sourc es from hich 

the large amou ts of f at may come: a r al'id rel e se of depo t 

fat dDd it s mobilization as circula ting pl as ra li id , or 

t e iversion of in es ted feed from the nor aal vc t h~ays of 

etaboli sm . 

The r esu t s of a serie s of experiments designed to 

ir1c.icate which of these t ,m rn echanisms might be functioning 

are reyorted here . 
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Introduetion 

Hormonal control of plasma lipids was suggested by 

Lawrence and Riddle (1) who observed that at the onset of lay­

ing in hens there was a marked increase in blood fat. These 

reports were confirmed and extended by Warner and Edmond (2), 

Riddle and Burns (3), the latter workers using pigeons. A marked 

rise in blood fat levels following administration of ovarian 

hormone preparations was shown by Entenman, Lorenz and Chaikoff 

(4) in the domestic fml. These workers administered, over a 

27 day period , from 1000 to 2000 rat units of estrogenic sub­

stances obtained from pregnant mare urine. They noted that 

total plasma lipids increased from 3?0 mg . per cent to 1530 mg . 

per cent. 

The unusual estrogenio potency of diethyl stllbestrol 

• (4,4 -Dlhydroxy~,fi-diethyl stilbene) was recognized by Dodds 

and his coworkers (5) soon after the compound had been synthesized 

by them. Dodds~~., however, had assayed the effect of their 

new compound using ovariectomized female rats, and it remained 

tor Zondek and Marx (6) to demonstrate the activity of this sub­

stance in the fowl. They renorted that a total dosage of 24 mg. 

given over a 6 day period caused the blood fat in chickens to 

rise from 125 .mg. per cent to 5438 mg. per oent. This estab­

lished the synthetic hormone as highly potent in chickens. 

Flock and Bollman(?) similarly reported dramatie changes 

in all ratty constituents of the blood when diethylstilbestrol 

was injected in a solution of peanut oil. Lorenz (8) observed 



gei.eral fattening i chickens , acco1 panied by an extreme 

1 · pe · a when pellet intra.muscular L.1.i-'lants o die t hyl stil­

bestrol were used . 1 hile it haa been sho,n that oral adJinis­

tratioD of this su stance was re tively w t hout effect . 

Th·yer , Jaap and Penquite (9 ) found the dimethyl e ther of 

diethylstilbestrol to be highly p tent ,hen given orally . 

The actual uechanism by which the pronounced li:>emia is 

produced is not known . iadle , Senum and auch (lC) have re-

ort ed that in pigeons and doves , pi tuitary gonadotrophin or 

the follicle- stimulating (FSH) factor stimulates the production 

of estroge s by normal ovarian tissue and the estrogens in turn 

produce what is ter ed a physiol ogical lii-lernia related·to re­

vroduction.. Injected estrogens 011 the other hd.nct , Ricidle et al . 

re1Jort , exer t the same ac t ior ir the .t1reser.1.ce or absenc:e of 

the gonads (testes) , drenals , both lobes of the 1 i tuitary, 

ancreas , a.td the parat hyroids . iddle and coworkers have 

shown increases i n lood fat for birds treate unly wi t h estrone 

and es tr adio l benzoa te ir the a se11ce of ac 1 of the above 

re .1.tioned gla 1as . They have not used diethyl still>estrol in 

the s me ma!Uler . It seens ike~y, ho•ever that the synthetic 

estrogen acts in a si ilar fashion , and that both synthetic 

and natural substances ay possi ly be functioning somewhat 

ina.e endent of the pi tuitar y . 

The origin of the excess lood fat produced by estrogenic 

substances has never been c:1.ct.equately demonstrated . F'lock and 

Bollman (7) have suggested t hat a nobillzat ion of cte~o t fat 

is resf)onsibl but have submitt ed no evidence to su or t this 

view . Bird (11) attempte · to sho,; that increase fat 1rould be 
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&;.bsorbed from the gastro-i:ntestinal tra.ct when a bird was under 

the influence of estrogenic stimuL.:,tion. He founct no significant 

change in the fecal fat it is therefore e::oncludect that the 

usually efficient absorption of fatty materials thru the in­

testinal mucosa is unirn.vroved by estrogens. 

In this investigation both sourcGs of the blooci lipids 

mentioned above were consideren possible, na11ely a:n e~;tro­

genically stimulated mooilizatioL of the cie1lot f&t or retention 

in the blood s trea1h of' f ;;;~v,iilable f':r-01n the 6iet, _perhaps 

augmented by conversion of diet2s.ry carbohydra:te to fa:t. Both 

of tne~.e mecl1.u1isms Hiig.nt in1::teed be functioning simul 'Laneously. 

Preliminary studies during the summer of 1948 had given 

irn:Uca.tio:n that lii:rds having little or no body fat stores 

not develop a upon estrogen ad.t:1inistr0.tiou. 



EXPEhIME :JT AL 

Phase I (a) 

In November of 1948, 24 male Ne'i!' Hampshires about eight 

weeks old vere selectea from the flock on the Poultry Farm 

of the 0' la.ho a 1 • & M. College . The bir s 1,ere divided into 

four groups : to corsistcd of si birds each, which were 

held to a restricted rat'on, one of the ~o being trea ted ~ t h 

estrogen while the other was hel i.iS a control lot; the second 

t wo groups -. ere full- fed , one being treate ,ri th estrogen and 

the other held as a control lot . The t~o ozen cockerels were 
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confined inuoors ir1 regular layi g c ges about ~ 0 i1 ches square . 

In order to prevent cann balism, the bir s or;. a .restricted 

ration ~·ere plc4C u ill inaividual cag s ;hi e the full- fed birds 

,ere place t hree per cage . 

In restricting one group of biras as to feed intake , the 

follo ing is the basis for the system employed : Lippincott 

a1d Card (12) re~ort th<t tie e1ergy requirements for maintenance 

are a function of the size , age , sex, enviro ental temperature , 

an the degree of activity of the bira . The size a1d age ~re 

of greatest importance an, these two only ere cons c.ered . 

~t about six weest e growi g bird requires about 1500 c·lories 

per sq_u re meter of surface area pe day . Since the determination 

of the surface area o a live bird 1u im~r~ctic 1, the method 

of ·1 tchell (13) as u ed to co ni'ute it from the body weight . 

He gives the a.thematical ex ression S = 8 . 19 .o.7o5 vhere S 

is the surface area in square eters and f is the weight of the 



bird in gr ms . After tria l it w s fauna tha t 950 calories 

per day ·er square meter of surface area just faiJ.ed to main­

t a in t e boay weight of t '· 8Se e }.1Jer l.mental birds . .2,ach blrd 

o. tne r es trictec ration ~ds wLi he· every other oay a1d the 

c lcu a ted arr.cunt of f ecd corresiJon · .. ing t o the vveight of the 

bird given for t m cons ,cuti V 8 · ays . Durir g a 1;erioa f t n 

d~ys , tie twe, V G birus o 1 a restricted ilJ.tai .. 0 lost ot. alf 

to two ti:1irus of their or iginal boa ·weight . Dur · ng the saroe 

p r iod the ful l - f ed biras alLea 0 . 5 too . ~oun~s . 

ih 1 bis voint had. lieen ·~ached six ,. 
.L he tarvea birds 

cUL si of the full - fed Lircls \,er~ l .. jectcu i th 2 cc. of soy-

bean oll co11tair.1.i:ug 50 mg . of crystallin die thyl sti l e strol~t-

per IDl . The remaiDi~i trel e biras were lnjec..ted with 2 cc. 

of soy bean 0 .:..1 . 'l'he i 1j ections were subcutaneously into t he 

dors~l portion of the neck . 

Just prior to the time of the lnjecti ns of thE: estro en, 

2 cc . of lood were ur a~n. from eacn bir<i by hy.t-10 eruic heart 

1-'uncture . At 1 2 , 24, and 48 hours fol owin6 inject'o 1, blood 

samples wer_e t aken i • t e same anner . The tlooci as tra11s -

ferrea from the syringe uirectly ir~o 50 ml . ce t ·rug tubes 

cali b1·at d. to 40 ml . co1 t u.i i • about 30 ml . of d. n1i ·ture of 

3 _µarts 95 yer c ent alcohol ana 1 Jart · iethyl ther . 

'I'he e thod of a 1a ysis of the blooa for f tty acids and 

olestero as ess tially that of St eet (14) . Cer t ain 

1odif · c d. t ons · rnr e :m ct to 1ake the me thod conform to tne 

available equi1-me.t , ana to increase the number of samyles 

* The diethylstilbestrol was provided through the courtesy 
of George A. Breon and Co . 
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tha t could be processed . 

~roc edur e follo ws : 

detailed aescri;tior of the 

Tn sto .. /er cd ce .t ifu6e tubes containing the alcohol­

e ther mixture , into ', hic.i:l the blood had bee t ransferr d , were 

;laced in r ·ater bath a t a temperat re of a bout o° C. and 

kep t there ,dth intermittent agi t · tion for 15 t o 20 minutes . 

They v ere then cooled and m·· de to 40 ml . ~. i th t he r. .. lcohol­

e ther nixtur·e . After thorough ixing , tl ey \,ere cer.trifuged 

until a thorough s e11a.ra.tior. \,as brought about l.ie t ~ieen the ex­

trac t and the whole blooa. By means of a pi) tt e 2 ul . of 

the supern< t ant i; ere tr0.nsferred to 50 m.i. . E.r l e:n.11eye r fl a sks , 

to which wer e ada.e 1 ml . o f satura t ed sod wo hyd o iae . The 

fl asks were t hen plac ed upon o. hot l ate ct. u th fat -.,as 

sa.tionif i ed . the , lco al- ether sol ellt •. 1as ev a1,0I' ated and 

only a pasty i ture of soaps a. 1d. un p0r.if i1.:;d lliate ial re­

ruaine l the f' LiS.ii..S , t ey we e r e!Joved fro1.1 t h hot y a t e 
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a . allo eu to cool . 7ro • a cti l-'e 1sin bur tt , 4 ml . of 9 

sulfuric acid were so adued to the flas.o.s tat t he soaps ~ere 

:ashed off the sid8s . The h e· t of neutr l iza tion was sufficient 

to i nsure coiliJl ete re·ction of the a cla 11th a l l of th soaps 

pr sent and no external ieat vas a . .t-1 liea . The l as.ks vvere 

" llo, e to cool to room t em· rc:..tu e . 

At t his point , 1 5 ml . of s ie ci~l ly ~urifie ( b •• 0- 05° .) 

petroleum e ther wer e · a ct ed v ith af,i t.ition ar1 t he flasks sto p er ­

e .. The petr oleum e ther was allm,eu to re ·aln over t he acidic 

solution for a period f several .t1ours , so · eti:ues ove ·nlght 

in order t o bring about maximum. extract on o t he li ·id ma-

t erL:i. s . Bloo:: 5) assu1ucs tllat tie lood lasi.a li.t,> 'a. s 



after saponificat ion, aw he ce that extracted Ly yetro eum 

ether consists e !tirely of fa. tty acids a no. cholesterol. \1hile 

this may not oe trlctly true, Street (14) su f.,csts thdt no 

si rific nt error is introauced n view of tne Kno,leuse of 

tl1e com~osition of ~lasu. livi~s . 

The ether l ayer was a.ecanted ca.refu ly into 50 l . cent ri­

fuge tubes , af t er hi ch successively 7 and 5 1 . of the ., uri­

fiea petr L:.um ether ·~ ere ad ed to the flasks, brought to 

boiling o a hot !Jlat e , and decanted i 1t o tn0 first t1ther ex­

t rac t already in the certrifugc tubc.s . Centrifuging them 

scp ... ratea out S1!lal1 ·iortions 01 on-li yi aterials 1t hich wer e 

unavoicab y carried over i J. the a. 1;; c · nta.tion procedure . The 

ether e tract was tr1:tn:c::fo.,,, er to tc:..red ~.eighin bottl -s which 

had been brought to co is t a t ~veight · n a , · cuum dessic a t or . 

1'he bottles were returne to t he v&cuum o.e s sic~tor ar1d the 

.iJetro_eum ether remove ' un er 1·educed ,1-ire s sure by m1..: ans of an 

· sp i rator ~ur~ , durln· a period o from 8 to 10 hours , usually 

over 1 ight . 

The bottl es now contalning esse:nti.J.lly only fdtty aci s 

ur a cholesterol , were eighed o- c1n .malyt · c , . ba lance; the 

ncre, se i 1 weight ,as e.vressect as total l ! : d . 

In rdcr t.o <ieter.r.ln~ tne val Uc or t c f a t .,y dC · as , i t 

is riecessary to eauct t he value for cholestervl resent . 

Th.a ·esidae i i. thG ~;ei l lng bot t :~es ~o.s tc..k • u i ll 6 H.l . of 

7 

r ea ent chloroform ana tn<J ch0l t s t erol :,as llet t!I·m1..1.;t;, on. the 

solution y the methoa of Blo r (15) · th one minor JhOd ifica­

tio 1. F'or the si:ihe f 1·a~.) i ui t y i n a.::1 :2. ing t he Lieberm3.nn­

Burchard r eage1 t t o t he Sc..Wi, 1 8<' , 4 ml . uf concentr s. te sulfuric 



8 

cid \vere ,ixed vi th bO ml . of chilled rea ent acetic · r1hydride , 

a.nd t he resu ting. rnixtu1·e vvas th ~ act.Ce S tnl . t o each of the 

24 Sc .. np les and st&.ndards . T e color a.evelOJJlllent in t he sar ples 

w·s compared in an Evelyn ty e ~ho t oelectric co l ori 1eter v i t h 

tha t (leveloped in tube s contalning k om amounts of pure 

cholesterol dissolveu r chl.oro.,...) rm . The Vci U8S of choles t erol 

·,ere c lcula ted as mg . ier cerit ' nd su " r acted from the t otal 

lipid values t give awount s of fatty a cids i · 1 rn . per c ent. 

The result s of Phase I (a) are }resented in Table 1 . 

Phase I (b) 

This .t'art of the experiment·-1 work ·ias very similctr to 

Phas e I (a) , the ch i ef ct "fferences boing: (1) no negative 

co 4trols ier e us Ld , t he in" tial blooti s~m~l~ s b~f ore injection 

eing consi er ect adequate; (2) t he birds ~ere r stricted in 

thei r r· atio l to a les s er ae ree with t he resul t tha t t h f a t 

stores were not so comvle t ly dissi_f.la t ed a s in .Phase I (a); 

(3) tlood sarn1;les 1:·ere talien at ;::A hour int e rva..1.s over a lo ge r 

.!-'eriod oi tiue • 

. .Jhase I (b) was co ,ducted duririg t he sunu,,e r of l':::14~ 

usi11g ;::.4 , 18 wedt olc .1ale - ar .ed ? lyrnout 1 o cks from t he 

flocK of t.be Poul try Db)art ,·ent . Tne cockerels vvere c onfined 

a s before and fe d in an ice .. t i cal an icr. Inas uch as the 

older bir ds did not have as high a caloric maint enance re­

quire ent , t he res tricted ones did not lose as 111uch v.e ight . 

During eight ctays , however , they lost from O. l t o 0 . 5 pounds 

while the ful l - fed birds v e r e g ining in \v eight fr om O. 5 to 

O. o .pounds . 
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Blood was taken from all 24 birds and they were immediately 

injected wi th 100 mg. of crystalline diethylstilbestrol dissolved 

in 2 ml. of soybean oil. At intervals Jr 24 hours thereafter, 

2 cc. of blood were drawn by heart puncture and treated in an 

identical fashion as in Pha8e I (a), ana lysis being made for fatty 

acids and cholesterol. 

The result s of Phase I (b) are presented in Table 2. 

Phase II 

An investigation into the relation of dietary levels of 

fat and the increases in blood fatty acids was undertaken in 

December of 1948. Twenty-four male New Harnpshires of about 

8 weeks from the Poultry Department were confined, one bird per 

cage, in the manner previous ly described. The birds were arranged 

in triads, the three being as nearly the same weight as possible. 

Each of the birds in a triad received one of the three rations 

shown in Table 3. The caloric intake of all three was limited 

to the minimum amount of feed, in terms of calories, consumed 

by any bird during the previous day. When the triads of birds 

had been equilibrated as to feed intake, 2 cc. of blood were taken 

from each by heart puncture. Twelve birds, four on each ration, 

were then injected with 100 mg. of crystalline diethyl stilbestrol 

dissolved in 2 cc. of soybean oil. The twelve remaining birds, 

again four on each ration, were injected with 2 cc. of soybean 

oil and thus held as controls. Blood samples were subsequently 

taken at 12, 24, and 48 hours after the time of injection. The 

blood was treated in precisely the same fashion 
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as in the two other exyerime:nts, being analyzed for total lipid 

and cholesterol, and the fatty acids calcula.ted by c1ifference. 

The results of Phase II appear in 'Te.ble 4. 

In. ordt'::l' to deten,,i:ce to what extent the : ~ff E';reri.ces ill 

tre,:,tr;:e:nt, both dietary a:nc. the i:njf::,ctlon. of diethyl stilbestrol, 

ght affect tho tissue concentration, tot ti,;:; sw::: lipid 

in the 

liver. The left Pectoralis (superficial) iruscle Hnd 

the entire livE.ir were r frorn. t,No birds lot 

iil e I (.£<.) four birds froD e group in t:, I (b). 

The tissues r{e:re frozen 

at 65° c., chopp into 

to 0ther e:x:trBctio:n. r.ehe total 

as total .. 
' 

t11e r0su1 ts of tht:i.se analyses are _vrGse:r;.tE:d in Table 5. 



Table 1. The Effects of Diethyl Stilbestrol Injections On the Blood Lipids or Cockerels On 
Restricted and Full Ration. 

Phase I (a) 

Treatment Fatt;y; Acids 1 •. Cholesterol 
Bird No . Amount of Dosage of Before 12 hrs . 24 hrs . 48 hrs . Before 12 hrs . 24 hrs . 48 hrs. 

Ration Estrogen (Mg. percent) (Mg. percent) 

275 Restricted 100 mg. 479 495 379 375 113 97 109 265 
276 t t t t 386 492 305 548 110 116 231 115 
277 t t t I 360 439 441 --- 11.4 217 311 
278 t t 

' t 594 639 669 809 166 209 259 255 
279 t t I I 351 499 556 1175 121 133 196 361 
280 I t t t 424 440 370 550 88 152 222 186 

Av. 427 501 453 691 Av. 124 138 221 236 

281 Restricted None 472 323 260 348 40 165 212 188 
282 t t t I 550 --- 312 344 50 --- 168 224 
283 t t f I 431 --- 261 319 81 --- 179 177 
284 t I t I 431 355 412 380 113 205 188 204 
285 t I I t 445 336 339 314 83 200 181 246 
286 t I t t 356 --- 344 336 108 --- 168 88 

Av. 448 338 321 340 Av. 79 190 183 188 

287 Unrestricted 100 mg. 338 618 1278 3141 110 134 298 411 
288 t I I I 389 448 1202 2863 123 120 238 273 
289 ' ' I I 402 488 609 882 78 144 183 414 
290 ft t t 443 461 429 451 69 1.39 203 213 
291 t I I I 499 441 787 2507 37 135 333 333 
292 I I t t 393 551 1214 2695 47 153 226 361 

Av. 411 501 920 2090 Av. 76 138 247 334 

293 Unrestricted None .393 324 314 392 39 140 262 160 
294 I I t 1 .396 331 385 475 140 149 151 165 
295 t t I I 344 332 278 505 80 68 226 WT 
296 I t ' t 296 202 281 297 96 126 231 215 
29'7 I I t I 757 301 280 409 131 139 151 119 
298 t t t I 363 326 414 514 31 162 210 190 ..... ..... 

Av. 425 303 325 432 - Av. WT 131 249 156 



Table 2. 

Bird No. 

347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 

335 
336 
337 
338 
339 
340 
341 
.342 
343 
344 
345 
346 

The Effects of Diethyl Stilbestrol Injections On the Blood Lipids Of Cockerels On Restricted 
and Full Rations. Phe,se I (b) • 

. . _QJlQl..~~!~! 

lfo.tjQ_n Estrogen 

Restricted 100 mg. 5.34 667 1633 1953 794 138 85 207 I 207 
626 1939 1939 21.34 940 110 117 117 218 
461 431 !,.28 304 562 203 65 102 160 
404 577 1270 749 436 76 119 130 91 
748 '793 1184 518 517 124 111 25-30 138 
444 ?00 1997 2026 664 124 1 :?.it 115 150 
470 593 1837 3014 1428 162 127 107 98 
414 613 986 329 384 82 107 102 11 '1 
550 139[3 1000 1Jf% 818 130 138 232 134 
301 639 1690 882 579 283 113 134 .326 
496 363 946 'l 16o 861 20f; 96 123 128 
320 367 S27 760 411 120 81 117 128 

Av. 4.81 590 1311 11f55 763 .Av.11.i.7 115 1L,7 157 

Unrestricted 100 mg. 484 1217 322:7 1/.i-80 3T1 76 71 53 216 
640 1315 3487 1338 1BO 80 69 313 198 
538 1518 --- .3256 939 7'd 1.38 127 192 
423 12&t 3577 3570 2301 153 96 62 31.S 
449 1039 2196 2331 1359 183 73 11~8 381 
425 1330 2880 3129 4228 95 142 272 903 
288 1392 2457 f:5'75 298 192 120 295 165 
450 1195 2377 1315 603 110 117 175 221 
509 898 '1457 1~53 284 155 102 207 123 
778 1519 3402 2786 738 38 113 318 326 
495 1397 3611 --- --- 65 83 181 ··--
503 1221 

.. __ 
3910 4311,4 65 123 146 829 

Av. 499 1275 2867 2005 1'.309 11.:v.1os 104. ·191 352 

150 
1,4.0 
102 
1.32 
171 
592 
2li.4, 
W4 
198 
221 
163 
117 

195 

214 
292 
171 
163 
.305 
260 
150 
117 
100 
1;.i.2 

128 

176 

..... 
f\.,) 



Table v. The Comyosition of Rations Used in Phase III 

Ration Constituents 
Percent Cmr~posi tion _ 

Ration A hation B Ration C 

fir.:; 4A .15 ·'- i,) Corn 2~0 .. 

Soybea:il oil mect.l 31::, 
V • £)2 

5 h ::,6 ':t..f • 

CaC03 1 1 .11 1. 

Bone mea.l ,r; 
;::, 2 .'.-.. ,r-. 

• r.:..,::., 2.47 

i:~ ~··-, 
r::.., . Fish solubles 

8 • 'JO Vegetable fat lS.73 

Chsein 11. L} • i39 

Choline hydrochloride (All ra.tio:ns co:ntcnnea 1 gm./lb. feed) 

Cs.loric :rat1o 1.00 o .. so 
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Table 4. The Effect of Diethyl Stilbestrol Injections On the Blood Lipids of Cockerels Fad Three 
Different Levels of Fat. (Pho.se II). 

Bird No. Ration 
E.~tror,er. . ~. percent) 

Ar I 
~!!'!~· p0rcent) 

.310 A I.Jone 467 442 397 581 33 18 143 69 
311 I I 513 5-:.n 423 428 27 60 7'7 52 .,...., 
.312 394 455 450 574 26 105 mo 66 
313 491 432 392 605 39 3!3 143 55 

Av. 466 4'77 416 547 Av. J1 55 120 61 

314 B None 581 542 --- 558 39 53 --- 62 
315 400 Ll-92 /,/37 453 10 38 93 1,,7 
316 412 57f'S --- 528 18 62 --- 112 
317 494 722 524 433 36 68 

J' , 
ob 89 

Av. 472 584 1+80 493 Av. 26 57 80 77 

318 C l?one 517 508 --- 591 13 112 
_ ... _ 

69 
319 561 465 451 41~0 19 ?'' 39 so t_., 
320 5f:Jl 659 332 386 13 21 168 4/;, 
321 576 576 4,03 478 1/~ &:. 127 52 

Av. 555 552 .395 474 Av. 15 56 111 61 

322 A 100 mg. 312 829 1221 1489 8 31 229 62 
323 364 855 1065 1475 16 .35 165 155 

324 /~1 723 965 2231 49 Z7 195 59 

325 412 S85 918 3826 88 !/5 ')?? 124 ~:;Jt-v 

Av. 382 5'.l•,".) 104~! 2255 ;i.v .. 40 .35 263 125 l.,,./(..;; 

326 B 100 mg. 519 710 1198 2543 11 35 263 125 

327 501 616 995 2073 29 t,4 175 57 

328 317 545 1299 1632 33 25 15·1 178 

329 435 665 1452 3743 65 35 218 97 

.Av. 443 634 1211 2.t,9S Av. 37 39 205 90 

330 C 100 mg. 75/~ 1192 1545 3252 3,$ 48 295 '?:78 

331 494 693 1437 1407 26 27 '193 ·103 

3)2 804 1~~ 11iB ~i~~ ~1 68 33.~ 112 
,/3:3 636 5- 13 91.,., 

Av. 672 801 1387 2572 Av. 28 47 251 146 

_,, 
~ 



Table 5. Ar.1.alysis of Muscle and Liver for Per Cent :Fat 

Phase I(a) 

Phase I(b) 

Tre, :.tment Ave:cage Total Li1Jid 
11/Iuscle Liver 

Restricted-injected 

Hestricted-uu.inj ected 6. 9 

Unrestricted-injected 13.tJ 

Unrestricted-UL"'1.injected 12. 8 

Restricted-injected 

Unrestricted-injected 11.0 

16.5 

13.7 

26.3 

22.2 
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Discussion 

1Jto1·· llowi:ng the 48 hour blsecUn6 of the bircLs in Phase 
f; 

I ( ¥Yld the 96 hour "bleco.ing PlE~se I (b), r esentative 
i~ 

bi:rcts ~:rom each experimental group vJerc~ sacrific , muscle 

the entir'e 

carcabses inspect Birds from Phase I (a) which had been 

01: a rest::d.eted ration were unif'orraly ece:,ci,)ted, the f of 

bE:ffH:!a.th the ski:n hav been virtually com-

Blrc..s frma Phase I (b) \ihJ.ch 

et were iwt nearly so wabtea ear-

'.:J'.lC8, tl.l::J less f&t was observed the vi f:ce:ca. 

able ) that, ho tb. ·.;_-.- ( ·y, 
·, •_.:cl., 

mu:::icle lipid were obtaim~d in Ph.3.se I (a) b8t',1J8t::;11 full--

res :Let bi ;:, .. s t1· .:i t.tc1r1 not 

produc:e any· detectable change in t:Lssue lipid dur t1"1e 0:x.-

p It shottld 

number of tis~mes a:nalyz precluo.es any final 

conc1usio:ris in this regard. In the grov.p of birds of Phase 

ch were all iDjec th c thyl st1lb,='stro1., a 

decrease in liver fat w~s seen in the birds on a re-

ttle differences were no 1]~ ver 

fat. Iri. vie'.v of these f:Lndings, it is felt tha.t both 

.L- (,'\ 
\ \c.A>j I (b) the technique us for depleting the 

body fctt stores was sati actory. 

Ttu:: tochnique of stering a of estrogen 

' 1 OL~ bE:H.m used only rarely in eJq,1er.:Lrne:i:1tal ;:3tuclies with 

chicken . .s. For the purposes of these e:q,erLEents, hor11ever, it 
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was thought that the response of the bird to a massive dose 

du:ri:ng a li1:ii tE:d. period. of time vmuld be 1Eore in.dicati VB of 

the :nature of its physiological effect on livid metabolism 

than would several smaller doses. 2reliminary studies showed 

that the au.m.inistration of a single lU mg. dose to young grow-

ir.g cocicerels did not proo.uce tne cX1Jf;Cted. rise in total blood 

:rat. The dosage was, therefore, increased to lOC: rn.g. and 

furth,2;:c studies employed at this levol,. 

Loreuz (16) has s tu.died the effects of intramuscular ira-

plants of diethylstilbestrol in chickens. r:uri.ng a 1'Qur 

week periorJ a total of 18.4 m.g. · of the drug were made avail-

able to the bird. This produced definitive cha.ngl';S in the 

seco1~dary sexual clw.ruc·Leris t.tcs of the birds aud prou.uced 

the usual i:r..cred.se in blood lipid. No ex.f.llu.nation. is offered. 

mir:istration. It is possible that rapid absorpt~lon arid e:x­

cretio:n of t} f.: ct.rue: occurs when :i.. t is ad;.;1i1dster 1.:::d. sul.1cutaneously 

in oil, thus allowing its action over a :rel.a ti vely Bhor·c period 

o:f time. 

J?ollowin~ th.e aduinistratio:n of a single ma:ssive dose of 

diethylstilbestrol, the 'blood li}lid showed .no change in 12 

hour·r. reg2.rd.less of t1·eatmont (Phase I (s..)); at E<i hours, 

however, a definite increase was foun.d. The total blood fat 

of the cor;.trol birds rose from un initial vah:e of 411 to 

920 mg. per cent_ In the second experiment the increase w:ii.S 

consideraoly greater, changing from 4B9 to 1275 rng .. per cent. 

This is in accordance with the findings of' Loren~, E,ntenrnan 

and Chaikoff (17), who found after 24 hours a two-fold increase 



in blood fat following the administration of 3000 rat units 

of natural estrogen. in 1000 ur1it 0.osc.~s at L.b hour intervals. 

In these expe:riments, the bloou fat increased still further 

during the peri.oct frora 24 to 48 hours, incre&sing from 920 

to 2090 mg. per cent in the first experin1ent a.Ld from 1275 
-

to 2867 mg. per cent in the second. Iii. the .second experiment 

samples il\tere collected. at 72 0.11d. 96 hours_; these definitely . 
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decreased, falling from 2867 mg. percent at 48 hours to 2005 

and 1309 mg. per cent at 72 and. 96 hours respectively. Several 

treated birds had blood fatty d.Cid values within the normal 

range at 96 hours. 

In general, whole blood cholesterol vs.lues sllowed. small 

and. inconsistent changes in full-feu and restricted birds in 

the absence· of estr·ogen administration. Following such treat-

went, there was a tenaency towaras ~ slight cholesterolemia 

at frou 24 to 72 hours. In e.x.J;..,eriruent I (b), in which a larger 

number of birds were em.i\-1loyed, it appeared that there was a 

tr·end toward. higher values in the full-fed lot. Such changes 

were not statistically significant. 

Further examination of the da.ta in Tables 1 and 2, shows 

the. t under the cor1di tions of' this expcrinent no appreciable 

chru~ge in blood lipid wa.s produced by inalii tion.. It has been 

previously reported (18) that blooC. fat sho-.vs .no ch.? ... nge during 

starvation or may even increase. 

In this expe1·irne:u.t the birds were always receiving a 

substantial part of a maintenance ration a:nd hence were not 

subject to such severe stresses. The average value for all 

the non-injected restricted birds in Phase I (a) was 362 mg. 

per cent with a range of from 321 to 448 mg. per cent. 



Corresfonding values for the full-feci. lots were 371 mg. per 

cent with a range of 303 to 432 mg. 1ier cent. 

While inanition did. not directly affect the blood lipid 

under these comii tions, it did 1·esul t in a dramatic change in 

the response to estrogen administration. Thus in Phase I (a) 

at 24 and 48 hours the full-fed birds had increased blood fat 

values of 920 and 2090 mg. per cent. Only a ver-y slight 

chs.nge was noted in the p .. t.rtialJ.y st.:;,.rved group at ;i4 and 48 

hours, (453 and 691 coruJ!ared with initial el.nd. 12 hour values 

of 427 and 501 :mg. per cent). In the second exyerirne1d:; where 

the degree of depletion was less severe, there \·,as still a 

definite reduction in the degree of response of' blood fat 

level to estrogen administration. A sufficient number of 

birds was included in this second experiment to fe:rro1t a 

statistical treatmeht of the dctta. The data wa:;:; analyzed 

by the IDethod of variance (Snedecor, 19); differences in 

Source d.f. 

Total 119 

Diet l 

Time 4 

dxt 4 

Brr or 110 

Table 6 

Analysis of Variance 

111,020,222 

18,456,655 

391 379,S05 

52,812,029.1 

18, t156, 6!55* 

9,844,876.2 

1,592,908.2 

480,109.4 

-..mt times did not rl~vea.1 statistical sig-

nif'icance (F = 6.l&, F.os = 6.39), although it will be seen 

that the value of Ii' approached that r'equired for significance 

19 
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at the 5 per cent levt:l. Diff ere:nce due to treatmer1t (restricted 

as compared with full-feeding) was, however, statistically sig­

nificant ( F = 11.58, F.05 = 7.'71, F. 01 - 21.,,20). 

These data .suggest that the principle source of' the in­

creased circulating blood lipid followine; hormonal stimulation 

by subcutaneous ir!jection of estrogen is a mobilization of the 

fat fro1n. the depot stores. W1ien these are .tjartially or nearly 

COiilfJletely eliminatBci, the effect is profoundly lessened. 

Pi1ase II was dcslg:.ued. to a.p,proach the pro·b1e«1 of t:i.w source 

supplied to the b:i.rds ill the forr:1 of the three previously 

describ£,,d vartially purifieci. rations. Hation A approxir:oated 

a norLY1al poultry rat:lo:n with respect to fat conte:nt--4:.8 

per cent. Rations B ~0 C were fortified with vegetable fat; 

the carbohydrate fr·action VJ as reducoa corr·cs.tiondingly to main-

tain the three rations isocaloric. f)espite the fact that 

ration C contained 26 per cent fat, none of the tird.s showed 

any reluctance to ea.t the n.t tion at ,u:,!.y time. They gained 

i.c1 weight nor1nally. At no time d.uri11b the perioJ. aio. any of 

birds "go off feed." 

Exarui:nation of the dat;;;. ix. Table 4 shOY.iS that there vl'ere 

no a_p;:reciable dif:t'ereTJ.ces in blood fatty acid. levels of the 

normal birds receivi:ng varying levels of fat. Averages for 

all birds in each lot for all dates of s2;,;-npli:ng were as follows: 

Ration A, 476 mg. per cent (392 - 605); hation B, 507. rag. per 

cent (400 - 72f;); Ration c, 4ti4. mg. 11e1~ cent c·······Q 6,5,~ - 65·3). 

Changes in whole blood cholesterol \·;ere s1:11all and nor consistent. 



These values suggest that at these levsls of fat ingestion 

the chicken does not conform to the general pattern of an 

elevation of plasr:ua or' i.vhole blooa fatty acids with increasing 

fat content of the diet. It will reriu\re .a larger number of 

a:nimals to satisf'cJ..ctorally ans;ver this question. 
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In contrast to the first tivo experiments, all of the 'birds 

injected with diethyl stilbestrol sho•JVed an increase in fatty 

acicts at 12 hours.. At 2Ab and 48 hours, still further increases 

\Vere noted. At these later times there was a tendency £'or 

the birds receiving the highest level of fa.t to have slightly 

higher fatty ~cid values. The liui ted :nruAber of experimental 

birds awi the vdde va..riation .in livid content, however, ~re­

cludes any conclusions being drawr;.. No cholesterolell.lia was 

produced under these i:ondi tions. It aype.:;.rs i'rom these ob­

servations, that the level of fat in the ration k-ier ~ has 

little to contribute to the degree of increase of fatty acids 

ur1.der estroger, treatment arni further likely that the fat in 

the depots of the body make by far the largest cor::.tribution 

to the f'at in the lij;eruic blood. 



ThE: cho.nges in the blood li 1)id .leve1:3 

t?:',trogen tr cockerels on varioW". re.tions, have b1;Jen .ir1-

vesti ted. 

It h~q been demons t no detec ble variation 

in the bleed fat levels of cockerels as the 

resu1 t of z~.n tion treatment. When such birts were 

tr th diethyl stil strol, very sli 

in the blood f • When full-f bird:c:,, 
' 

en 

nc:ltica.bl.0.:: rises i:u blood fat ,,,ere found 

?3.fter 1nj ectio:n with in.c1·e:.:..:,e::: continuing, uri.til :.:1 v::1lue 

\Nas ret:.ched at 118 b.our1:1, not infrequently 6 times the v:"clue 

in normal birds. It is therefore cone the. t tht'.; dr::,pletion 

of boo.y ers the develop-

men t of an estrogen ind.1J.ced lipernis.. 

maintained on a. r,::ttion containing ,iE3 much 

as 26 :per c e:nt 

tion. When biras being fed r~tions containlng 4.78, 13, 

26.6 per cent fat were injec 

.of ethyl sti strol, dram~tic increases in blood f 

e seen, with little differences son 

chick ration rose • C (?Ilt ()fl 

.l1owing estrogen trc,:,tment, not1.rs in 

birds consuI:ii:ng :high f 

• per cent. Thus it it:; conch1di::!d th,:1.t the level 

gnifica.nt effect 
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