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Chlorpromazine sulfoxide is reported to have 
minimal sedation and potentiation effects in 
mice, rats and rabbits and only one-eighth 
the action of chlorpromazine in dogs. In ad- 
dition its hypotensive properties in dogs are 
of a low order of magnitude( 11). Effects of 
sulfoxide on mental state have not been re- 
ported. Thus it is evident that the sulfoxide 
derivative does not possess clinical properties 
of chlorpromazine, promazine and prometha- 
zine in areas which have been tested, and this 
parallels the findings on inhibition of cyto- 
chrome oxidase and ATP-ase in vitro. Since 
sulfoxide is a major metabolite of chlorproma- 
zine( 11 ) , it seems that chlurpromazine is the 
active principle and does not act through its 
conversion to sulfoxide. 

The prerequisite of a divalent sulfur in the 
ring might imply that other phenothiazine 
derivatives with an unsubstituted sulfur atom 
may also have the inhibitory properties re- 
ported. Collier and Allenby ( 12 ), have re- 
ported that neither phenothiazine, phenothia- 
zine sulfoxide, phenothiazune nor thional were 
inhibitory to rat-liver cytochrome oxidase. 
Thus it would appear that substitution on the 
K atom of the ring might also be necessary to 
produce inhibition of this enzyme system. 

1. Inhibitory propdies of 3 
chlorpromazine analogues show that oxida- 
tion at  the sulfur atom, abolishes inhibition of 

Summary. 

ATP-ase and cytochrome oxidase systems by 
chlorpromazine. 2. Removal of chlorine 
atom from the ring viz: promazine, and alter- 
ation of the N-substituted sidechain viz: 
promethazine, result only in a small diminu- 
tion of the inhibitory properties. 3.  Inhibi- 
tory findings are correlated with known phar- 
macological effects of the drugs. 
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Experimental evidence supporting the the- 
ory that a humoral factor in the blood plasma 
mediates red cell production has been reviewed 
by several investigators(l,2). This factor, 
which has been referred to as erythropoietin 

has not been isolated nor is it known whether 
*Numfber I in this series of papers appears in J .  

Ltrb. Clin. Med., 1955, v46, 671. 

it is a single substance or several. The method 
utilized to determine the presence of ery- 
thropoietin in the plasma of anemic animals 
has been confined largely to evidence of in- 
c r e e d  erythrocyte production in normal ani- 

from animals made anemic by repeated phleb- 
otomy or injections of phenylhydrazine. The 
hematologic technics for determining increased 

by Bonsdorff and Jalavisto(3) and otherS(4), mals that have received injections of plasma 
- ~ _ _ _ - - ~  
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red cell production consist largely of reticulo- 
cyte and red cell counts, hemoglobin or hema- 
tocrit determinations on the peripheral blood. 
and histologic study of erythroblastic activity 
of the blood-forming tissue. As previously 
reported ( 5 , 6 ) ,  Fee-’!’ uptake in newly-formed 
red cells is probably the most reliable single 
method for studying the effect of anemic 
plasma on erythropoiesis. C‘nder ideal es- 
periniental conditions. the findings obtained 
by all these methods correlate well with one 
another, but an amount of plasma equivalent 
to one-half the blood volunie is necessary to 
elicit a response. -4 sensitive method of assay- 
ing plasma from normal or anemic subjects 
is described in this communication. 

Materials and methods.  ( a )  Preparation of 
animals. Young adult inale Sprague-Dawley 
rats, approximately 3 months of age and rang- 
ing in weight from 1 7 5  to 200 g were used 
throughout these experiments. Rats were hy- 
prophysectoniized by a standard technict 
and delivered to us on the day following the 
operation or a t  later intervals thereafter. They 
were maintained on a diet consisting of milk. 
fresh vegetables. and Rockland mouse diet ad 
libitlniir. The control animals were of the 
same sex, age. and weight. ( b )  Preparation 
of plasma. Rats were bled daily for 3 days 
by cardiac puncture until their hematocrit 
was reduced to 25% or less. On the fourth 
day. the animals were anesthetized lightly 
with ether, and as much blood as possible was 
withdrawn by cardiac puncture. To this 
blood was added sufficient heparin to prevent 
clotting (circa 20 units per cc of blood). The 
blood was immediately centrifuged at  3000 
rpm.1 The plasma was separated. pooled with 
other plasma drawn at  the same time, and 
stored at  -1OOC.  This routine was followed for 
preparation of the plasma that we shall here- 
after refer to as “anemic plasma.” Plasma, 
which was prepared from the blood of normal, 
previously unbled rats, served as the control. 
( c )  Tes t  of plasma for erythropoietin. The 
hypophysectomized and normal rats were 
weighed just prior to and at  the conclusion of 

t Obtained from Hormone .issay Laboratories, 
Chicago, Ill. 

International Centrifuge, size 1. 

each experiment. The plasma to be tested was 
administered intravenously to each animal in 
2-cc doses on 3 consecutive days. Two hours 
following the last injection of plasma, 1 cc of 
Fen;!’ citrate solution, diluted with normal sa- 
line to contain 2 to 3 pc of radioactive Fe:!’. 
was introduced into the tail vein. Sixteen 
hours following injection of Fee;!’, a 1-cc sam- 
ple of blood was withdrawn from each rat by 
cardiac puncture. The radioactivity in this 
sample was measured in a Nancy Wood well- 
type scintillation counter. The radioactivity 
in an aliquot of the original Fe:!’ solution 
given each animal was similarly nieasured. 
Using the blood volume of the rats (estimated 
to be 6.37 of body weight, verified by Cri* 
blood volume determinations after the method 
of Gray and Sterling( 7 ) ,  the amount of radio- 
activity injected into the rats, and the radio- 
activity in the 16-hour sample, it is possible 
to calculate the percent of the injected dose 
of Fe-;!’ appearing in the peripheral blood cells 
at  this time interval. In each experiment, the 
percent of Fe.)!’ taken up in a control group 
of rats ( 5  animals per group) was compared 
with the uptake in groups of rats receiving 
anemic plasma or normal plasma. 

( a )  Ef lect  of anemic plasma on 
uptake of FeJ“ in hypophysectomked animals. 
Our first experiments were conducted on rats 
that were hypophysectomized 10 to 13 days 
prior to the injection of plasma. The uptake 
of Fez!’ in hypophysectomized animals that 
were given daily injections of 2 cc each of 
normal plasma for 3 successive days was 5% 
or less : while in the hypophysectomized ani- 
mals that were given anemic plasma, the up- 
take was 16% or more (Table I). The uptake 

Results.  

TAEI,E I .  Effect of Anemic Plasma 011 Rate of 
Eqvtllro1)oit~sis in  the Hypophysectomized Rat, G 

Experiments. * -- Avg yo uptake of Fes8 into RBC - 
S o .  i x t x  Aiieiiiic Normal 

ycr g r o ~ p  1JliISlll;l plasll~a. Saline NO iuj. 

1 2i.4 3.2 5.0 4.0 
3 1ci.3 3.3 
4 I i.1 5.0 
5 18 -. 9 ,T 3.3 
;i 19.3 5.0 
3 21.8 5.0 

* 10 to  15 claps yost-lilrpopliysectorny. 
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TABLE 11. Effect of tlie Interval after Hypopliy- 
sec toniy on Apyareiit Sensitivity of Rat to Aiieinic 

Plasniti. 

-Avg 70 FesB uptake into RBC of r a t s " 7  

iiij. hyp. t post-hyp. post-hyp. post-hyp. 
Plasma Prior to  4 days S days 13 days 

Sor ina l  37.5 9.1 4.0 5.0 
Aiiciiiic 44.(; 18.5 18.1 18.0 

of Fe"!' in normal rats following the injection 
of normal or anemic plasma according to the 
same regimen averaged respectively 37 t 4% 
and 48 t 4%. The data given below are from 
experiments in which hypophysectomized ani- 
mals were used as recipients. 

( b )  Effect of interval post-hypophysectomy 
on senstivity to anemic plasma. A series of 
experiments was undertaken to determine at 
what time after hypophysectomy the animal 
is most sensitive to anemic plasma. Normal 
or anemic plasma was given to rats at various 
periods after hypophysectomy, and the rate 
of erythropoiesis was observed. The results 
are summarized in Table 11. An appreciable 
reduction in Fe59 uptake occurred by 4 days 
after hypophysectomy and reached a mini- 
mum by 8 days. We found it advisable, 
therefore, to wait a t  least 8 days after surgery 
before using the animals for assay purposes. 

( c )  Eflect of various amounts of anemic 
plasma on the uptake of Fe59. Because of the 
greater sensitivity noted in the hypophysec- 
tomized rat, it was thought desirable to in- 
vestigate the possibility of using a single in- 
jection of plasma, testing its efficacy when 
administered at  various intervals prior to the 
injection of Fe5!'. The data in Table IT1 indi- 
cate that the erythropoietic effect induced by 

TABLE 111. Relatioiishiy of Interval between 
Siiiglc 2 - i d  Iiijectioii of Aiieuiic Plasma and Ad- 
~niiiistrntioii of Fe"O to Elicitntioii of the ErPtliro- 

poicltic Stimulus ; 5 Esperiiwiits. 

Avg TO uptake of FeS9 iii RBC of 
hypophysectomized rats 

r-Plasmn given--, 
Rats 4 hr prior 24 hr prior 48 hr prior Normal 
(No.) to FeSo toFera t o F P  plasma 

4 12.1 5.0 
5 11.3 16.8 6.4 
4 1s.5 18.0 4.6 
3 12.0 12.0 
10 4.5 15.5 5.0 

a single 2-ml injection of anemic plasma, owen 
4 hours prior to the FeBn, is not manifest in 
the 16-hour sample, but is clearly seen when 
administered 24 hours prior to the adminis- 
tration of FeZ9. The stimulus is still detected 
2 or 3 days after administration of plasma. 
These points were further substantiated by 
the observations that 2 doses of 2 cc each 
given 4 hours and 24 hours prior to FeS9 injec- 
tion produced no greater effect on FeF9 uptake 
than did one injection given 24 hours previ- 
ously. However, 2 injections, given 24 hours 
and 48 hours before FeS9, gave a greater re- 
sponse. On the basis of these results, we 
elected to use 2 injections of 2 cc each in fu- 
ture assays unless otherwise noted. 

(a') Production of anemic plasma factor b y  
the hypophysectomized animal. Hypophy- 
sectomized animals were bled on 3 successive 
days until their hematocrit was 25% or less. 
Anemic plasma was obtained from these ani- 
mals by the method that is described above. 
This anemic plasma, collected from hypophy- 
sectomized animals and injected into hy- 
pophysectomized animals, produced a signifi- 
cant increase in the uptake of Fe59 (Table 
IV).  In  other experiments it was found that 
plasma from normal animals subjected to 
splenectomy, adrenalectomy, thyroidectomy. 
gonadectomy, or combinations thereof and 
then bled increased the uptake of Fe59 in the 
hypophysectomized assay animal as well as 
did that from normal, bled animals. 

Discussion. The data shmow that the anemic 
plasma factor (s) (erythropoietin) can be as- 
sayed in the hypophysectomized recipient us- 
ing the technic of Feg9 incorporation into 
newly-formed red cells. The mechanism of 
the exaggerated response to anemic plasma 
observed in hypophysectomized animals as 
compared with the response of hypophysec- 
tomized animals given normal plasma is prob- 
ably a relatively simple one. Our data indi- 
cate that by 4 days after hypophysectomy, 
erythropoiesis is already reduced but not to 
the maximum reduction, which occurs a t  8 to 
14 days. The reduction in erythropoiesis that 
we have shown to occur, using Fe59 uptake by 
the newly formed red cell as the criterion, has 
been corroborated by the finding of a reticulo- 
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cyte reduction that coincides with the de- 
creased uptake of Feq-'!'(8). It seems likely 
that an overall reduction in the metabolic re- 
quirements of the animal occurs very soon 
after hypophysectomy. Several workers (9, 
lo)  have shown that a new equilibrium level 
of red cell mass is established within 2 or 3 
months after hppophysectoniy. Following the 
operation. for example, at day 10, the meta- 
bolic requirement of the animal is reduced 
but the new red cell mass equilibrium has not 
yet been achieved. The animal is therefore 
essentially comparable to an animal made 
polycythemic by transfusion. Consequently, 
red cell production falls to a minimum since 
a plethora of red cells already exists. 

The production of erythropoietin probably 
also falls to a minimum under these circuni- 
stances, and! therefore, the administration of 
anemic plasma to the hypophysectomized ani- 
mals produces an exaggerated response. 

It is obvious from our data that the hy- 
pophysis is not directly concerned in the pro- 
duction of erythropoietin since plasma from 
an anemic hypophysectomized animal pro- 
duces an excellent response in the hypophy- 
sectomized assay preparation. We need not 
enter into a discussion of whether a specific 
pituitary factor as suggested by \'an Dyke 
cf NI. (10) and Contopoulos ct at?. (1 1) is in- 
volved directly in red cell production: but on 
the basis of the data reported in this paper 
and other data that have not yet been pub- 
lished. it seems likely that the effect of the 
pituitary on erythropoiesis is only indirect. 

The great sensitivity of the hypophysecto- 
mized assay preparation to anemic plasma has 
made it possible for us to explore the presence 

of the factor (s) (erythropoietin) mediating 
red cell production in the plasma oi normal 
rats and in other species with various types 
of anemia. These studies are ,being extended, 
and many other obvious facets of the prob- 
lem, which are being investigated. will he re- 
ported at  a later date. 

Summary und conclusions. Using incorpo- 
ration of Fe"!' into newly-formed red cells as 
index of red cell production, it has been shown 
that erythropoiesis is gradually reduced. reach- 
ing a minimum in rats a t  8 to 13 days after 
hypophysectomy. A factor of 10 exists be- 
tween incorporation of Fe59 into red cells of 
normal control (37 t 4) and the hypophy- 
sectomized rat (4 t_ 2 )  at this interval. We 
have also found that the hypophysectomized 
rat is an extremely sensitive preparation for 
assay of factor(s) in anemic plasma that 
stimulates or mediates erythropoiesis. Our 
observations may be summarized as follows: 
1. Administration of anemic plasma to hy- 
pophysectomized assay animal increases in- 
corporation of Fe50 3- to 7-fold. 2.  Plasma 
from hypophysectomized animals and un- 
operated controls made anemic by repeated 
phlebotomy increases FeSg red cell incorpora- 
tion to the same extent when administered to 
the hypophysectomized assay animal. 3. A 
single injection of 2 ml of anemic plasma to 
the hypophysectomized assay animal elicits a 
2- to 3-fold increase in FeBo incorporation. 
The mechanism of rapid reduction of ery- 
thropoiesis that follows hypophysectomy in 
rats and its relationship to increased sensi- 
tivity of the hypophysectomized animal to 
anemic plasma are discussed briefly. 
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Adrenocortical Properties of A1~4-pregnadiene-17~,21-dio1-3,11,20-trione 
( M e  ticorten) and A1*4-pregnadiene-l lp,17~,21- triol-3,20-dione 

(Meticortelone) .* (22429) 

S. TOLKSDORF, M. L. BATTIN, J. W. CASSIDY, R. M. MACLEOD, F. H. WARREN, 

Biochemistry Department, Schering Corp., Bloomfield, N .  J .  
AND P. L. PERLMAN.~ 

The therapeutic usefulness of cortisone and 
hydrocortisone prompted a search for agents 
possessing anti-inflammatory actions similar 
to these steroids but producing a lower inci- 
dence of undesirable side effects. Efforts in 
these laboratories led to the development of 
two new steroids, Meticorten (Al~~-pregna- 
diene-17~, 2 l-diol-3,11,20-trione) and Meti- 
cortelone ( A1,4-pregnadiene-1 lp, 17~,’2 14rid- 
3,2 O-dime) , which differ from cortisone 
and hydrocortisone in possessing an addi- 
tional double bond between C1 and Cz in the 
A ring( 1-3). Their effectiveness in the treat- 
ment of rheumatoid arthritis was first demon- 
strated by Bunim et al. (4). 

The glucocorticoid potency of Meticorten 
and Meticortelone was found to be 3 to 4 
times greater than that of cortisone and hy- 
drocortisone by 3 different bioassay methods. 
Further comparison of the adrenwortid ac- 

~ 

* Meticorten and Meticortelone, Schering Corp. 
brand of prednisone and *prednisolone were used. 

t The authors wish to sthank Mrs. Shirley W. 
BolIes, Miss Janet MaIey and Mrs. Alide Tali for 
valuable technical assistance. Mr. Gordon B. Thorn- 
as carried out statisticaI analysis of data, and man- 
bers of the Chemical Research Division provided the 
steroids. 

tivities of the new steroids and their parent 
substances included 1) the life maintaining 
action in adrenalectomizd rats and 2 )  the 
degree of hypercorticism induced in intact 
rats by prolonged steroid administration as 
well as the regression of these changes after 
cessation of treatment. The results of elec- 
trolyte excretion studies will be reported sep- 
arately. Preliminary biological data have 
been reported previously( 5,6).  I t  is the pur- 
pose of this paper to present in detail the 
biological work carried out with Meticorten 
and Meticortelone. 

Methods. 1. Eosinophil response. The 
procedure employed was based on the meth- 
ods of Speirs and Meyer(7) and Rosemberg 
and co-workers( 8). Steroids were screened 
in adrenalectomized CS7 brown, male mice$ 
at a dose of 24 pg without pretreatment with 
epinephrine. Preliminary potency estimates 
were performed with 3-fold dilutions of Meti- 
corten and Meticortelone (6, 2, and 0.67 p g )  
and cortisone and hydrocortisone (12, 4, and 
1.33 pg). The potency was calculated on 

$ Obtained from Roscoe B. Jackson Memorial 
Laboratory, Bar Hanbor, Me. We wish to thank the 
members of our Pharmacology Department for per- 
forming the adrenalectomies. 


