
MEDICAL GRAND ROUNDS PARKLAND MEMORIAL HOSPITAL 

December 5, 1963 

THE PHARMACOLOGICAL USE OF ANABOLIC STEROIDS 

case  Agnogenic Myeloid Metaplasia ....---

This 68 year old man was first admitted to the  in  of 1960 
with a twelve month history of intermittent pruritis, headache, confusion, disorientation, 
and angina. Physical examination revealed an elderly plethoric man with engorged retinal 
veins and a palpable spleen. Admission laboratory studies revealed a Hgb. of 18.0, Hct of 1 

70, WBC of 26,500, a uric acid of 9 mgm percent, and an incomplete left bundle branch 
block. Following phlebotomy of 500 cc the sensorium cleared, and the EKG returned to nor
mal. A second phlebotomy was performed, and he was discharged (Hct 56) on 2 mg myeleran 
bid to be followed in the Parkland hematology clinic. The myeleran was discontinued ap
proximately two weeks later (WBC 5,000 and Hgb 14.5 gm). 

- During the next two years the hemoglobin and hematocrit remained stable at around 
14-15 and 40. He was admitted five times to the  and to  because of 
episodes of confusion and disorientation without localizing signs, thought to be due to 
arteria I insufficiency. 

By early 1963 he was noted to have lost weight; progressive enlargement of the spleen 
and I iver were documented in successive visits to the outpatient clinic, and the hemoglobin 
and hematocrit tel I (detailed below) . Anisocytosis, poikilocytosis, nucleated RBC , and oc
casional myeloblasts were present in the peripheral smear. The leukocyte alkaline phospha
tase was elevated to 172, and repeated attempts at bone marrow aspiration were unsuccessful. 
Bone marrow needle biopsy in May revealed predominantly fibrous tissue with megakaryocytic 
hyperplasia, sheets of platelets, and a paucity of red blood eel I and white blood eel I pre
cursors. These findings were alI interpreted as compatible with agnogenic myeloid meta
Plasia developing in the wake of polycythemia vera~ 

Testosterone propionate (10 mgm qid sublingual ly) was started on May 23. There has been 
no change in .the si~e of the I iver or spleen. 
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ANABOLIC STERO IDS !N CURRENT USE 

Chem ica l Name 

Testoster one 
Testosterone-17-propionate 

17a- methyltestosterone 

4- dihydrotestoster one 

61-17a-methyltestosterone 
(61-methyltestosterone) 

9- fluoro-1 I-OH, I7 - methyltestoster one 
( fluoxymesterone) 

Trade Names 

Mult iple Names 
Mult iple Names 

Methandr en, et c. 
(Upjohn and other s ) 

Stan·;) I one 

Dianabol 
(Ciba) 

Halotestin 
(Up john) 

o~cx:r--
.~~~---------------------------------------------------------------

methyla ndrostened iol 

17a-ethy l- 19- nortestoster one 

17a-ethy l- 19- nortestoster one-1 7-
phenylpropionate 

2-0Hmethylene-1 7amethyi - 17~0H-3 
androstanone (oxymethalone) 

Stanozolol 

Methandriol 
Cr estabo I i c 
Mestenediol 
Metacryst 
Metandiol, etc. 
(severa l compani es )) 

Nandro lone 
N i I evar 
Norethandrolone 
Du r abo I in 
(Searle ) 

Adroyd 
Anadrol 
(Syntex) 

Winstrol 
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These papers represent the fundamental stud ies of the effects of tes t oster one de
rivatives on nitrogen balance i n man. Testoster one- propionate pr oduces a r educt ion in the 
urinary excretion of nitrogen, sod ium , potassium, and chlor ide together with a ga i n i n we i ght 
( in castrates only ) . The max imal nitrogen retent ion (0 .03 gm . per kg . per day ) in the normal 
men was half that of the eunuchoid men , and nor ma l men under balance cond it ions do not ga i n 
weight. The positive nitrogen balance also occur s in elderl y men , i n pat ients with car c inoma, 
in patients with Cushings Disease and Add ison 's Disease , in nep hros is (accompanied by an in 
crease in edema and proteinuria ), i n cachect ic ind iv iduals , and in a vari ety of deb ilitated 
states. The positive balance can be rever sed by any minor stress (such as a cold ) and is 
short-1 ived in alI s ituations other than eunucho id ism (pr obab ly last i ng no longer than one to 
two months). The decrease in n it r ogen excret ion can be accounted for by a decreased urea for
mation. Estrogens ar e much weaker anabel ic agents t han ar e andr ogens and pr obab ly do not 
exert at physiolog ical levels an anabel ic act ion on non- sexual tissue. 

THE FATE OF THE RETA !NED N !TROGEN 

14. Kochakian, c. D. Sympos i um~ Stero id Hor mones. Un iver s ity of Wiscons i n Pr ess , 
1950 ' p 113. 

15. Scow, R. 0., and S. N. Hagan. Effect of testos t er one pr op ionate on myos in, col lagan, 
and other prote in f r actions in striated musc le of gonadectom ized r ats . Endocr in
ology 60 :273 , 1957. 

16. Scow, R. 0., and S. N. Hagan. Effect of testos t er one pr op ionate on myosin, col lagan , 
and other prote in f r actions in striated mus cl es of gonadectom ized male gu inea pigs . 
Am • .J.. Phys io l . 180 :3 1, 1955. 

17. Scow, R. 0. Effect of testoster one on musc le and ot her t issues and on car cass com
position in hypophysectomi zed, thyroidectom ized , and gonadectom ized ma le rats . 
Endocrino logy 21: 42 , 1952 . 

18 . Kochakian , C. D. Mechan isms of androgen act ions . Laboratory Invest igation ~: 538, 
1959. 

19. Szirmai, J, A. Histo log ical aspects of the acti on of androgens and oestr ogens, ch. 
in Protein Metabolism, Berlin : Springer -Verl ag , 1962 , p45. 

Of the increase in body we ight ( 14% ) in gonadectom ized rats g iven testoster one, 25% 
of the weight gain (and possibly a larger percentage of t he reta ined nitrogen ) occur s in the 
accessory sex tissue. Testoster one has no appr ec iab le effect on the we i ght of th igh muscle , 
heart, I iver, and bone or on the percentage of car cass pr otein. Furthermor e, only a sma l I 
number of striated muscles (such as the levator an i musc le of the r at, the tempor a l is muscle 
of the guinea pig, and the pectoral muscles of the bul I) ar e testosterone- sens it i ve. !n the 
normal male rat given testoster one t he only increase in weight, accor d ing t o Kochak ian , i s 
probably due to an increased food intake. Histo logical ly, the r esponse can be shown to be 
an increase in the diameter of muscle f ibers and f ibri Is. 

20. Kenyon, A. T., K. Knowlton , and I . Sand ifor d . The anabol ic effects of the androgens 
and somatic growth in man. Ann. Int. Med. 20 : 632 , 1944. 

21. Russell, J , A., and A. B. Wilhelmi: in The Structu r e and Funct ion of Muscle. New 
York: Academic Press , 1960 , vol. 2. 

The most careful anth r opometr ic and histo log ical studies of sexua l d i ffer ences in 
musculature in humans. These studies suggest that the pector a l and shou lder musc les are the 
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most respons i ve muscles to testos t er one in man. Most musc les proba~ i y show a -graded r espons ive
ness; in gener a l , in most an imal s and pr obab ly i n man , the most sens i t ive s ke leta l muscl es to 
testosterone are those wh ich suppor t the I imbs and part icu larly t e fore! imbs. 

DISSOC !ATWN OF ANDROGE N ~ C AND ANABOU C ACn ONS 

22. Dril I, v. A., and B. Rie ge l . Str uctu r a l and hor mo na l act iv ity of some new ster o ids . 
Recent Pr ogr ess ~Hormone Resear ch 11~ 29 , 1958. 

23. Desau l les, P. A., and C. Kr ahenbuh l . Eva luat ion an d mode of act ion of a nabo li c ster 
o i ds ~ d i ffer ent iati on of action of vari ous anabo li c s t er o ids, ch. in Prote in~
bol ism, Berl in ~ Spri nger-Ver lag, 1962 , p i70. 

24. Over beek , G. A., J. Van der Vi es, and J. de Visser. Eva luat ion of long acti ng ana 
be l ic stero ids , ch. in Prot e in Metabo li sm , Berli n ~ Spri nger-Verl ag, 1962, pl85 . 

25. Over beek, G. A. , J . de Vi sser , and A. De lver. Pharmaco log ical compari sons of ana 
bot ic s tero ids. ACTA Endocr inologica Supp . 63 , p6 , 1962 . 

26. Tepperman, J , Metabo li c and Endocr ine Phys io logy. Chicago : Year book Med ica l Pub -
1 ishers , 1962, p56 . 

27. Dor fma n, R. i ., and R. A. Shi p ley. Androgens , New Yor k ~ John Wil ey & Sons, 1956 , 
p343 . 

Also , see ref. 13. 

These paper s r ev i ew the pharmaco log ic techn i ques by wh ich anabo li c funct ions of 
steroid hormones ar e defined; t he d i ffer ence in we i ght between the sem inal ves icles of t r eat ed 
and untreated rats g ives a measur e of androgenic act iv i t y wh i lst t he d i ffer ence i n we ight of 
the levator ani muscle gives a measure of the myotroph ic {anabol ic ) act iv ity of t he stero ids . 
In the usual test ing procedur e , a g iven hormone is compar ed with a r efer ence hor mone (usuall y 
testosterone ) . The weaknesses of such testin g have .been po i nted out by Tepper man and by 
Dorfman and Shi p ley. Desau l les convinci ngly ar gues that these do not r epr esent d i ffer ent 
actions of the same hor mone but only r epr esent d i ffer ent affi nit ies, concentration, degrada
tion , etc. of specific hormones by specif ic t issues . No pur e ly anabo li c hor mone wit hout andro
genic effects has ever. been found . 

28. Wi lkins , L., and W. Fl eischmann . The inf luence of vari ous androgen ic ster o ids on 
nitrogen ba lance and growth. 1· Cl in. Endocr ino l . £:383, 1946 . 

29. Henderson, E., and M. We i nberg. Methylandr os t ened iol. 1· Cl in . Endocr ino l . I I ~ 
641 J 1951. 

30. Partridge , J . w., L. Bo l ing , L. de Wind, S. Mar ger, and L. Kinsel I . Metabol ic and 
cl inical effects of methylandrostened io l i n human subjects . 1· Cl in. Endocri no l . 
Q~ 189 , 1953. 

31. Kosdon, S.C . , W. H. Fishman, R. M. Dort , C. D. Bonner , and F. Hamburger. M~thyl
a _n9_ro.st~_ned l o l in palliat ive t r eatment of br east cancer . JAMA 1 48 ~ 1212 , 1952. 

These papers are rep r esentat ive of mos t car e f u l human stud ies with the o lder "ana
bel ic" steroids. In gener a l , most anabo l ic agents so far tested in ma n have a weaker and less 
sustained effect on n it r ogen metabo l ism than does testoster one . Andr ogen ic s ide effects 
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nearly always occur at levels wh ich cause a s i gn i f icant e ff ect on n it r oge n ba lance . jn in 
stances - in which posit i ve ni t r ogen ba lance is not t he t her apeut ic a im such as br east ca ncer 
(Ref. 3 1) i t may be poss ib le to give lar ger doses with less virilizat ion, and, in fact , a 
greater surv iva l rate has been c la imed f6r the weak ly a ~abo lic ster oi d methy landr oster ed iol 
than for testosterone i n th is cond it ion. 

32. Nowakowsk i , H. Metabo l ic stud ies with anabo ii c ster o ids. Acta E. docr i no logica 
Supp. 63, p37, 1962. 

33. van Wayjen, R. G. A. , and G. Buyze. Cl in ica l-phar maco log ica ! eva luat ion of cer t a in 
anabo li c ster oids. ACTA Endocr ino log ica Su pp . 63 , p iS, 1962 . 

In doses of 50- 100 mg. ever y 14- 24 days Nandro!one was ab ie to · nduce a pos it ive 
n it r ogen ba lance i n 14 pat ien s, even in the face of a pr edn iso lone indu ced negat ive nit ogen 
balance. Unfor tunate ly, these ar e very short term stud ies . 

34. Lidd le, G. W. , and H. A. Bur ke, Jr. Anabo li c ster o ids in c l in ica l med ic ine. 
He lvet ica Med ica ACTA 27 ~ 504, 1960. 

The only pub li shed paper i n wh ich the act ions of t hr ee anabo i ic ster o ids (Na ndr o lone, 
fluoxymesterone, and 6 1-methyltestoster one ) have been compar ed in man with methy lt estoster one. 
In these stud ies 61-methy ltestoster one had by far t he most pot ent effect on n it ogen meta
bolism ( 10 X that of an equa l we i ght of methy ltes t ost er one ). Further mor e, max imal e f fects on 
nitrogen balance can be produced by doses ( 1.25- 2 o5 mg . per day in adu lts ) wh ich a lmost never 
produce virilism, acne, or BSP r etent ion. ~ t appear s t hat at the pr esent t ime 61 - methy ltestos
terone is the .Q!l.!y_ anabo l ic ster oi d in wh ich ·in humans , t he anabo li c an d an drogen ic effects can 
be different iated in most cases. ~ t is ver y impor tant t o r ecogn ize, however , that th is hor mone 
has not been shown to be myotroph ic in humans, t hat t he fate of the r eta i ned n it r ogen is un 
known, and that its effect is pr obab ly short I ived . 

CL INICAL USEFULNESS OF ANABOL~C STERO !DS 

I. Undernutrit ion and Deb i I it at ion 

35. Leathem, J. H. The inf luence of nu t r it ion and nutri t iona l status on the effect of 
androgens and anabol ic agents, ch. in Pr ot e in Metabol ism, Ber t i n~ Spri nger - Verl ag, 
1962, p202. 

In the rep let ion of rats after starvat ion, anabo li c ster o ids have v ir tua l ly no ad 
ditional effect above that of refeed ing a lone, e.g . when pr ote i n synt hes is is max ima l it can
not be fu r ther accelerated by anabo li c agents . 

36. Abbott, W. E., J. W. Hir shfe ld, H. H. Wi II iams, M.A. Pe l I ing, and F. L. Meyer . 
Metabolic a lterations fo l low i ng thermal bur ns. Su r gery 20 ~ 284, 1946. 

37. Forsyth, B. T. The effect of testosterone prop ionat e at var ious pr ote in and ca lori c 
intakes in ma lnutr it ion after trauma. l· Lab. Ci in. Med o 43 : 732, 1954. 

38. Howard, J , E., J , Wi nter n itz, w. Par son, R. S. Bi gham , and H. Eisenber g . Stud ies on 
fracture conva lescence. ~· Johns Hopk ins Hosp. 75 ~ 209, 1944. 

39. Cooper , I . S., E. H. Rynear son, c. S. MacCar ty, and M. H. Power . 
pionate as a nitrogen - spari ng agent af t er sp ina l cor d inju r y. 

Tes t os t er one pr o
JAMA 145 ~ 549, 195 ! . 
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40. Hayes , M. A. , P. E. Hodgson , and F. H. Coller . The use of testosterone in prevent
ing postoperative I iver dysfu nction in the poor risk surg ical patient. Ann. Surg. 
136 :643 , 1952. 

In humans recover i ng f rom sever e t r auma or sur ger y, t es t oster one adm inistr ati on can 
usually produce a further increase in positive nitrogen balance . Th is slight ga i n has not been 
demonstrated to be of therapeutic benef it. 

41. Watson, R. N. , M. H. Bradley , R. Callahan , B. J . Peter s , and R. C. Kory. A s ix month 
evaluation of an anabel ic drug , norethandr o lone , i n underweight persons. Am. ~· 
Med. 26 : 238 , 1959 . 

42. Kal I iomaki, J. L , A. M. Piri Ia , and 1. Rui kka . A t her apeut ic trial with ethyl 
estrenol in geriatr ic patients. ACTA Endr ocr inolog ica Supp. 63 , 1962, pl24. 

43. Si monson, E. , W. M. Kear ns , and N. Enzer . Ef fect of methyl testosterone treatment 
on muscular performance and central nervous system of older men. l · Cl in . Endo
crinol. ±: 528 , 1944 . 

44. Vernon, P. E., and M. McK inlay . Effects of v itam in and hormone treatment on sen i le 
patients. l· Neural. 2:87, 1946. 

Any effect of anabol ic steroids on we i ght i n under nouri shed or debi I itated indivi 
duals is probably due to enhanced appetite. In double bl ind studies of elderly ind ividuals 
no effects on weight, strength , or. psychological tests have been document ed tol lowing ana
bolic steroid therapy. 

I I . Osteopor osis 

45. Kowalewski, K. Effects of s t eroids on bone format ion , ch. in Protein Metabol ism , 
Berlin : Springer-Verlag , 1962 , p238. 

This paper reviews the r elat ionship between anabel ic s t eroids and the metabolism of 
the connective tissue of bone. Anabel ic steroids (part icularly 6 1-methyltestosterone) can 
clearly prevent cortisone induced osteoporosis in r at s and ch ickens. 

46. Reifenstein, E. C., and F. Albr ight. The metabo li c eff ects of steroid hormones in 
osteoporosis. l· Cl in . Invest. 26 : 24 , · 1947 . 

47. Albright , F., and E. c. Reifenstein. The Par athyro id Glands and Metabol ic Bone 
Disease , Baltimore : The Wi l Iiams & Wi lk i ns Co ., 1948 , pl45. 

48. Schoene , R. H. A clinical appr oach to senile osteopor osis. Ohio State Medical 
~· 48: 126, 1952. 

49. Bartter , F. c. Osteoporosis. Am. l · Med. 22 : 797 , 1957. 

50 . Reifenstein , E. c. The rationale tor the use of anabel ic steroids in contr ol I ing 
the adverse effects of cortico id hormones upon prote in and osseous t issues . 
South. Med. Jour. 49 : 933 , 1956. 

3 1. Henneman , P. H. , and s. Wa ) lach. A r eview of the pr o longed use of estr ogens and 
androgens in postmenopausal and sen i le os t eoporosis. Ar ch . Int. Med. ~: 715 , 
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