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Stimulation of Platelet Production by Serum of Platelet-Depleted Rats. 
(26958 1 

T. T. ODELL, JK., T. Y. J1cL)o;u~~u AND T. C. UETWILER 
Biology Divisioli, Oak Ridge :Yational Laboratory,* Oak Ridge, Tenn. 

Investigations into tht- e1tt.ct.s o f  1)latelc.t 
depletion on periphera 1 plat el et CY )titi t 5 ; i l l (  1 
on inegakaryocj-tes o i  thc 1)ont. iii;trrou- 
( 1-41 have dtm~iistratetl that such throtn- 
bopenic measures hriiig about. a ftcr ;i delay 
of a day or tkvo, ;in incrcased rate oi entry 
o f plat el e t s into the per i 1) h t. ra 1 c i rcul :i t i c  )11, 

platt.let nunibcrs rising to values niorc' t h i i  

1>< times nornial le\*els. 1:otIi the tlel;ty in 
response and the changes sc'cti in the 11icg;i- 
karyocytic series have itidicatt-cl th; t t  the rt-- 

sponse is caustttl 1))- ; i n  iricre;i.st-cl procluct i c  111 

of platelets r;itlicr thaii b!. ;I c l i i i c k  r e l c ~ ; i ~  
iroiii ;I pool. Thus, it appe:trs that a .sub 
normal level o f  platelets in t h e .  circulatioii 
triggers an incrt-asetl protl uct i ( ) i i  ( )  t' t h  es(h 
blood elemrnts. 1 t has also l)t-t-11 reyortt-tl 
that normal Iiuiiian st-ruiii iiijectcI(1 in to  
a sylenectomizect thrombopenic p;ttieiit ( 5 ) .  

and extracts of nornial hum:iii seruni in- 
jected serially into rabbits ( 6 )  producwl ;in 
i nc Tease i 11 I 1 ti i I I hc r o f 1- i r c u 1 ;it i ng 11 I : t t c 1 e t s , 
presunia bly 1))- sti iiiulati ng 1'1 ;it elet produc- 
tion. Xi1 increutb in protluct ion iiiiglit re- 
sult either by the action o f  a stimulating 
agent or  by reinoval of an inhibitor. T f  ;i 

stimulating agent werr respoiisihle, it shouI(1 
be present in great e r - t h ;I I 1 - I 1 ( ) 1-1 1 1 : t I ;I I 11 ou 11 t 5 
in the blood of platelet-depletrcl individuals. 

Therefore, we have assayed in untreated 
and in splenectoinized rats serum obtained 
from platelet-depleted rats, using peripheral 
platelet counts as tht- nie;tsurt' o f  (affect. Wc 
observed increases in platclet counts to 
about 150% of control values 5 days after 
serum injection. 

M8aterial.r and methods. Lire. u x d  male 
Sprague-D;t\\-le!- rats for serum tlonors ;tiit1 

for assay animals ; the latter u-eigliccl 3.50 

*Operated by Unimon Carbide Corp. for U. S. 
Atomic Energy Commission. 

t o  4.50 g. Jteduction in number of platelets 
4 )i b t m i i i i  donors was accomplished in either 
o f  2 ivays. Onc method \\-as to remove by 
t-;ir(liac puncture 40% of the blood volume 

t;il;en ;is S%, of body weight) a t  about 9 
;i.m. and another 255% at about 2 p.m. After 
c.;ic*h \vithtlraw;il, a volume of Tyrode's solu- 
t i o i l  equal to half the amount of blood re- 
1 1 1 0 \  ed was injected intraperitoneally. By 
this iiwthotl, ;is inuch as 50% of the circu- 
Liting platelet inass was removed (4) .  A 
wcoi i c l  method of platelet depletion was to 
inject rat-platelet antiserum that was made 
i l l  r;ilhits. T_'su;dly 2.5 in1 of a 5% suspen- 
h i (  u i  oi rat platelets were injected intra- 
I c i io~ ih1~-  into rabbits twice a week for 3 
\vt*el<s, ant1 serum \\-as collected about 10 
tl;i!*s after the last injection. In  some in- 
.st;itices, platelets were mixed with Freund's 
i-t-;tgent and injected into footpads and axil- 
I:ii-!- m t l  inguinal regions. Similar titers 
:ig;iiiist rat platelets were obtained by both 
iiic~hotls. Serum collected from the platelet- 
iiijrcted rabbits was heated at 56' C for 
4.5 iiiiiiutes and then absorbed 3 times with 
; i i i  equal volume of homologous rat erythro- 
c*!.tes to remove anti-rat antibodies not spe- 
cific. to rat platelets. Red cells were prepared 
for  this purpose by defibrinating normal 
rat blood to remove platelets (4). Tntra- 
peritoneal injection of 0.25 ml of this anti- 
wruin reduced platelet counts in most rats 
t o  less than 10% of normal values. 

L4pproximately 24 hours after the initial 
1)leeding or after injection of rat-platelet 
antiseruiii, the rats were anesthetized with 
ether and bled from the abdominal aorta 
into silicwiiized syringes. The yield was 3 
to 4% o f  body weight collected in about 2 
niiriutes. This blood was expressed into 15- 
in1 centrifuge tubes, allowed to clot, then 
centrifuged. The serum was pipetted to 
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FIG. 1. Peripheral platelet counts of rats inj. with 
serum of bled donors. Counts were plotted as a per- 
cent of the initial count of each r a t  (Initial Count 
= 100%); Active serum-& 4 X 12 ml (N = 2) ; 
e,4 X 6 m l  (N := 2 ) ;  A , 4  X 3 m l  ( N  = 4). 

Control serum-0, 4 X 6 ml (N = 5 ) .  

other tubes and frozen for storage. Serum 
recipients were injected twice daily, morn- 
ing and afternoon, for 2 days. Serum was 
injected subcutaneously in amounts of 1 to 
12 ml per injection, or a total of 4 to 48 ml 
per recipient. 

Peripheral platelet counts were taken be- 
fore the initial injection and at intervals 
thereafter. In  some experiments counts were 
taken daily and in others only at 5 days 
after initial injection. Blood samples, taken 
in a red cell pipette from a puncture in the 
lateral vein of the hind limb, were diluted 
with ammonium oxalate. Counts were made 
by the direct phase microscope method of 
Brecher and Cronkite (7). In some experi- 
ments, total white blood cell counts were 
also made before the initial injection of 
serum and again 5 days later. 

Injection of serum from plate- 
let-depleted rats caused increases in peri- 
pheral platelet counts as high as 167% of 
the initial counts (Fig. 1 ) .  No appreciable 
change took place during the first 48 hours 
after the injections (Table I ) .  The increase 
was rapid, however, between 48 and 120 
hours. The peak count occurred at 5 days, 

TIME AFTER INJECTOJ (m) 

Results. 

and by the 7th or 8th day platelet numbers 
liacl returned to normal levels. Equal 
;iiiioutits of serum from untreated donors 
did not produce such an cffcct. 

The results (Fig. 1 )  suggest that the 
4 X 6-ml dose (4 injections of 6 ml each) 
produced a greater response than the 
4 X 3-ml dose. Additional groups of rats 
were injected with these 2 doses of active 
serum, obtained either from bled donors or 
from donors injected with rat-platelet anti- 
serum, and the 5-day gains in numbers of 

TABLE I. Early and 5-Day Platelet Response to 
Serum of Bled Rats (4 X 6 ml).* 

Platelet count 

Hour No. of rats count ( X 10-*/mm3j 
% of initial range 

0 
1 
8 

18 
24 
36 
48 

120 

100 
92 

105 
102 
89 
94 
97 

158 

730-1085 
620-1120 
745-1240 
990-1055 
705- 895 
870- 970 
780- 945 

1230-1770 

* Platelet counts were taken on all recipients 
twice before treatment (a t  -24 and 0 hr) and at 1, 
8, and 120 hr after treatment. A t  other intervals, 
counts were taken on alternate halves of the total 
group, as indicated. 

platelets were determined (Table 11). The 
data were examined using the covariance 
analysis method, with gain as the variable 
and initial platelet count as the covariable; 
TABLE 11. Gain in Platelet Count at 5 Days; 2 

Doses and 2 Sources of Active Serum. 

r Recipients 7 

Mean platelet 
Treatment No. of gain 
of donors Dose (ml) rats ( X 10-3/mm3) 

Bleeding 4 x 3  16 348 
4 x 6  3 1  473 

Antiserum 4 x 3  7 209 
4 x 6  11 42 7 

7) 

7 9  

the level of rejection was taken as 5%. Re- 
sponses to the 2 dose levels were signifi- 
cantly different. However, at  each dose 
level it made no difference whether the ac- 
tive serum was obtained from bled or from 
antiserum- in j ec ted donors. 
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TABLF: IIT. Conipnrison of Platelet Rwpoiiw of 3 Untreated s l i d  of 3 Splencctomizccl Rats to 
Sertini of Rlrcl Hat5 (4 X 3 lnl) ." 

Wpleiiec. toniize~l IJntraateti 

0 915 i35-1050 100 1008 885-1105 100 
5 1330 1255-1435 146 1343 1235-1475 133 

* Platelet counts were made twice 011 both cla.ys, 0 and 5, arid the 2 counts from each rat were 
averaged. Range includes all counts. 

Splenectomized rats w r e  also used as as- 
say aninials. The response to active serum 
inay have been somt.\.vhat greater in splen- 
ectomized than in normal rats (Table 1 I I ) ,  
but the data are not conclusive. 

We also found that serum of bled rats 
that M - ~ S  kept frozen for 50 clays or  kvab 
1)-oyhilizecl retained its yl~tt.let-stimulatirig 
activity . 

White blood cell counts w-erc not altered 
5 days after injection of active serum that 
produced increases in platelet numbers. 

Discussion. The results demonstrate that 
subcutaneous injection of large amounts of 
serum from platelet-depleted rats into nor- 
mal or  splenectomized assay animals pro- 
duced a substantial increase in number o i  
platelets in the recipients' peripheral circu- 
lation. The increase seems not to be the re- 
sult of a release of platelets from a platelet 
pool, since it did not commence until about 
2 days after we began the injections of ac- 
tive serum. Experiments on the effects of 
bleeding on megakaryocyte and platelet re- 
sponse in rats also indicated the absence of 
a rapidly mobilizable pool of platelets (3,4). 

The increase in number of platelets in cir- 
culation to levels higher than normal be- 
tween the 2nd and 5th days indicates that 
platelet input, and thus platelet production, 
was greater than normal during this period 
(or  that survival time of platelets was 
temporarily lengthened). Thereafter, the 
rate of platelet production apparently de- 
clined since platelet numbers returned to 
normal levels on the 8th day. Since we have 
reported that platelet life span in Sprague- 

I>;iwley rats is about 4.5 days (S) ,  the rapid 
tlroy suggests either that some of the plate- 
Irts produced between the 2nd and 5th days 
had a shorter than normal survival time in 
the circulatory system, or that the rate of 
1)latelt.t production was temporarily reduced 
t)elow normal between the 5th and 8th days. 
('ronkite (9) showed that transfusion of 
largt. numbers of platelets into rats caused 
peripheral platelet counts to fall to subnor- 
mal levels over a period of several days, 
presumably by inhibiting production. 

The mechanism responsible for increased 
1)latelet production is not yet known, but 
i1.e assume that one or more chemical agents 
play a mediating part. The increased pro- 
duction that occurs after removal of plate- 
lets from the circulation (3, 4) could re- 
sult from removal of an inhibitor to produc- 
tion, possibly residing in or emanating from 
platelets (9). Theoretically, such a sub- 
stance could either directly inhibit mega- 
karyocytic cells from producing platelets or 
could inhibit elaboration of an agent that 
is stimulatory to megakaryocytic cells. The 
platelet increase seen after injection of ac- 
t ive serum seems more readily attributable 
to the presence of a stimulatory agent in the 
donor serum. Thus there may be a balance 
in normal individuals between an inhibiting 
agent that derives from platelets and a 
stimulatory agent, the source of which is not 
presently known. This type of humoral bal- 
ance occurs commonly, as, for example, be- 
tween thyroid hormone and thyroid-stimu- 
lating hormone. 

An alternative mechanism can be imag- 
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ined, namely that a diminution in number of 
platelets, rather than in concentration of 
:in inhibitor deriving. f rom platrlets, brings 
;iC)out soiiie functional imhalaiic*e that in t u n 1  
is responsit)le for itiitiatiiig ylalwratioii o f  
n stimulatory agetit. 

We believe that seruin of platelet-depleted 
rats contains an agent that stimulates pro- 
duction of blood platelets. This agent might 
act on the megakaryocyte compartment of 
the bone marrow and spleen either by in- 
creasing the rate of maturation of mega- 
karyocytes, or by increasing the rate of cell 
division among the earlier cells in the mega- 
liaryocytic series, or both.. Examination of 
the effects of platelet depletion by bleeding 
on the total and differential counts of cells 
of the megakaryocytic series suggests that 
both processes may play a part (4). 

The lack of response to similar quantities 
of serum from untreated donors shows that 
the observed platelet response is not due 
simply to injection of relatively large 
amounts of serum. 

I t  is interesting that an increase to a level 
of about 150% of normal platelet numbers 
usually constituted the maximum response 
to injection of active serum. Perhaps the 
marrow is not capable of producing any 
greater short-term response, or  an opposite 
regulatory action ( platelet-derived inhibi- 
tor?) may come into play by the time these 
platelet levels have been reached. 

Spector has been engaged in siniilar ex- 
periments with rabbits. The results ( lo), 
presented concurrently with ours on rats 
( 11 ) , demonstrated that serum from donor 
rabbits that had been depleted of platelets 
by specific antiserum or by treatment with 

Myleran produced an increase in platelets 
when injected intravenously into untreated 
or splcnectotnized rabbits. 

I;'ou r su bc-u taneous i i i  j ec-t i c  )]is, 
given duririg a 24ay  p t h t l ,  o f  serum from 
platelet-dttpletetl rats into untreated or 
splenectomized rats caused an increase in 
the number of circulating platelets to as 
much as 167% of the initial count. The rise 
in peripheral platelet count began 2 days 
after the first injection, reached a peak at 
5 days, then declined to control values at 8 
days. Equal amounts of serum from un- 
treated donors did not produce this re- 
sponse. The results indicate that the active 
serum contains an agent (thrombopoietin) 
that stimulates production of blood platelets. 

The authors are grateful to Dr. M. Kastenbaum 
of the Mathematics Panel for analysis of the data. 

S214411~iary. 

1. Craddock, C. G., Adms, W. S., Perry, S., Law- 
rence J. W., J .  Lab. Clin. Med., 1955, v45, 906. 

2 .  Witte, S., Acta huemat., 1955, v14, 215. 
3. Matter, M., Hartmann, J. R., Kantz, J., de- 

Marsh, Q. B., Finch, C. A., Blood, 1960, vl5,  174. 
4. Odell, T. T., Jr., McDonald, T. P., Asano, M., 

Acta haemat., in press. 
5. Schulman, I., Pierce, M., Lukens, A., Currimb- 

hoy, Z., Blood, 1960, vl6, 943. 
6. Steinberg, B., Dietz, A. A., Martin, R. A., Acta 

haemat., 1959, v28, 78. 
7. Brecher, G., Schneiderman, M., Cronkite, E. P., 

Am. J .  Clin. Path., 1953, v23, 15. 
8. Well, T. T., Jr., Anderson, B., in The Kinetics 

of Cellular Proliferation (4. by F. Stohlman, Jr.), 
Grune & Stratton, New York, 1959, p278. 

9. Cronkite, E. P., in Homeostatic Mechanisms, 
1958, Brookhaven Symposia Biol., No. 10, p96. 

10. Spector, B., Fed. Proc., 1961, v20, 67. 
11. Odell, T. T., Jr., McDonald, T. P., Fed. Proc., 

1961, v20, 51. 

Received July 27, 1961. P.S.E.B.M., 1961, v108. 




