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Determination of a Skin-Related Erythropoietic Substance (32833) 
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The propotsal of a feedback control of 
erythropoiesis by the products of destruction 
of the red blood cell was advanced by Kepinow 
( 1) and independently by Isaac (2). Re- 
cently, ilt was shown that m e  compounds 
involved in the synthesis and breakdown of 
the red blood cell, especially the heme frac- 
tion, elicit an erythropoietic response when in- 
jected into a fasting “dehydrated” rat (3). 
The present report is a continuation of that 
work and describes the isolation of an eryth- 
ropoietically active extract from skin tissues 
a t  the site of hemin injection. Several in- 
vestigators, including Rambach et al. (4),  
Naets (S), Jacobson et al. (6) and Lucarelli 
et al. (7) have repontd on the effect of vari- 
ous tissues on the erythropoietic response; 
and Ryan (8 )  has suggested that porphyrins 
play a part in (the formation of an amorphous 
substance in the skin of patients with por- 
phyria. However, Ithis is the first evidence that 
the skin may be actively involved in the con- 
trol of erythropoiesis. 

Methods. Preparation o j  tissue extract. 
Generally, albino female rats (300400 gm) 
of lthe Sprague-Dawley (Holtzman) strain, 
were used as tissue donors. These were main- 
tained on either a complete nutritional diet 01 

in a modified fasting “dehydrated” state (3). 
In a few cases, animals of other species were 
used as donors. Daily subcutaneous injections 
of a 10 mg/ml hemin (Mann, N.Y.) sdu- 
tion (adjusted Ito pH 7.2 with N h O H )  were 
made into donor rats on the basis of 3 mg/ 
100 gm of body weight. Three successive in- 
jections were given. Control animals were in- 
jected with an equal amount of similar dilute 
NH40H. Twenty-four hours after the third 
subcutaneous injection the animals were 
sacrificed. The discolored skin at lthe in- 
jection site was then removed, cut into pieces 
about 1 cm2 in area and combined in a com- 
mon donors’-skin pool. From this pool, 141- 
gm portions were treated as follows: 47 gm 
were mixed with 50 ml of 0.9% NaCl solu- 

tion and homogenized for 1 min at  14,500 rpm 
in a Servall Omni-mixer. 

The fluid material expressed from the 
homogenate was used for successive home 
genimtions of ithe second and third 47-gm 
portions of skin. An additional 10 ml of fresh 
saline was added each time. The pooled fluids 
were stored in the refrigerator. The mince was 
serially washed with three 2Gml portions of 
saline and each wash was added to the re- 
frigerated pool. The combined supernatant 
pool was centrifuged at  room temperature at 
35OOg for 15 min. The floating pellicle was 
discarded. The supernatant was collected and 
centrifuged a second time; both pellet and 
pellicle were discarded. The supernatant was 
then dialyzed against 1 5  liters of distilled 
water, with shaking, at 4OC for two 16-hour 
geriods. 

The dialysand was centrifuged al 3500g for 
15 min at 4°C. The resultant supernatant was 
spun at  37,OOOg for 30 m h  at 0°C in a 
Servall RC2 refrigerated centrifuge, and the 
subsequent supernatant was centrifuged at  
145,OOOg for 1 5  min. The final supernatant 
and pellet or precipitate (hereafter referred to 
as HSS and HSP respectively) were then 
lyophilized. The procedure used in prepring 
the extracts is outlined in Fig. 1. 

Bioassay procedures. For assay, dried test 
materials were taken up in either water, 0.9% 
saline, 0.1 M phosphate buffer (pH 7.6), or 
dilute NH40H (pH 8.5) at  concentrations of 
0.07-4.0 mg/ml as needed. These were in- 
jected subcutaneously for 3 days into fasting 
“dehydrated” recipient rats (160-200 gm) as 
previously described (3). Two hours after 
the last subcutaneous injection., ferrous cit- 
rate-“”e was injeoted intravenously. Twenty- 
four hours later blood was taken from the 
tail for hematocrit and reticulocyte counts 
and blood was drawn from the abdominal 
aorta and counted (3). Total blood volume 
was computed on the basis of 5.18 d / l m  gm 
of the final body weight (9). 
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TABLE I. Effect af Hemin-Injected Skin Extract on Fasting “Dehydrated” Rats.” 

Treatmentb No. of rats HCT (%)” mFe uptake (TO) Reticuloayte (%) 

C“ Supnt. 5 46.0 2 2.0 8.6 & 2.8 0.5 -I- 0.2 
Ha Supnt. 6 46.0 -I 1.1 8.8 2 2.3 0.6 k 0.3 
C” Ppt. 5 48.8 6.3 7.2 & 1.7 0.7 ? 0.2 
Ha Ppt. (HSP) 6 49.0 2 5.1 24.9 & 6.5 1.8 2 0.4 

a Rat wB. at sacrifice: 170-180 gm. 
Recipient rats received 3 daily 1.0-mg injections. 
Indicates extract from test solvent-injected donors. 
2 Standard deviation. 

* Indicates extract from hemin-injected donors. 

In one experiment, ]test material was as- 
sayed in plycythemic rats by a modification 
of the methad of Jacobson et d. (10). Twelve 
rats weighing about 2 0 0  gm were twice in- 
jected intraperitoneally, 24 hours apart, with 
3.5 ml of a normid saline solution containing 
80% saline-washed packed homologous red 
b I d  cells. Thinty hours after the first intra- 
peritoneal injection, the first of two sub- 
cutaneous injections of 4.0 mg of HSP was 
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FIG. 1 .  Preparation of final extracts from hemin- 
injected skin tissues. Donor skins were homogenized 
in 0.9% NaCI. 

administered -to 6 rats. Six rats received the 
control solvent. The second subcutaneous in- 
jection followed at 50 hours. Radioiron was 
injected intravenously at 72 hours and blood 
was taken for hematomits, reticulocytes, and 
radioiron uptake (as above) at 144 hours. 
All plycythemic rats were maintained on a 
normal diet throughout the experiment. 

Results. Table I shows the adivities of the 
HSS and HSP obtained from the steps 
diagrammed in Fig. 1. Fasting “dehydrated” 
assay animals were injected with 1.0 mg of 
sample material (in 1.0 ml of saline) from 
donors that had been injected with hemin or 
the solvent in which hemin was dissolved. 
The data show increased 59Fe uptake and 
reticulocytosis produced by the hemin-in- 
jected skin precipitate fraction as opposed to 
the supernatant fraction from the m e  source 
and both extracts from control rats. 

To evaluate the response of test animals to 
various levels of HSP, a starting solution of 
4.0 mg/ml of HSP in dilute NH40H was pre- 
pared such that the final pH was 8.5. Samples 
of this solution were diluted with NHlOH 
(pH 8.5) to the required HSP concentration. 
One ml was then injected for 3 days into 
test rats as before and the protocol followed 
for 6QFe uptake, hematocrits, and re t icub 
cytes. The relationship between the 1% dose 
of HSP inje&d subcutaneously (on 3 suc- 
cessive days) into fasting “dehydrated” rats 
and the radioiron present in the peripheral 
red cells is shown in Fig. 2.  The changes ob- 
served in the reticulocytes present in the 
peripheral b l d  are also given. The plats of 
log dose and linear response shown a signmid 
relationship for radioiron uptake and peri- 
pheral reticulocytes. 
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TABLE 11. Comparison of Erythropoietin Standard B to HSP. 
~ ~ ~~ 

A. Response of fasting “dehydrated” ratsa 

Treatmentb No. of rats IICT (%)“ wFe uptake (G) Reticulocyte (yo) 

Standard B 4 53.2 2 3.0 19.5 * 1.9 1.0 k 0.1 

HSP (1.0 mg) 4 53.0 & 1.8 21.0 * 2.1 1.1 & 0.1 
(0.65 EPF units) 

Con tr ol 3 52.7 & 2.5 5.9 & 0.5 0.6 & 0.2 

B. Readings on spectrophotometerd 

Standard B 
HSP 

0.595 
1.350 

0.700 
1.400 

0.85 
0.96 

a Rats wts. at sacrifice: 160-170 gm. 
Recipient rats received 3 daily subcutaneous injections. 
2 Standard deviation. 
Readings made using saline as  a control. Concentrations were 1.0 nlg/1.5 ml of saline. 

A comparison (Table 11) showed that 1.0 
mg of HSP from the rat produced 69Fe up- 
take, hematocrit, and reticulocyte responses 
that are comparable to 0.65 units of eryth- 
ropoietin Standard B from human urine 
(Dept. of Biol. Standards, Nat’l. Inst. for 
Med. Research, London). Allthough the 
speotra were not completely identical, the 
Dscio/D2so ratio for the HSP fraction and 
the human urine standard were similar. 

T o  determine the effect of heating on the 
HSP aative fraction, pyrex test tubes were 
used in the preparation of 15-mg samples of 
HSP in 3.O-ml aliquots of 0.1 M Sijrensen 

5i 

1 

! 
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M 

FIG. 2 .  Log dose response curves. Recipient rats 
were injected subcutaneously for 3 consecutive days 
with HSP. Each point represents the average re- 
smnse value for 6 rats. Wt. of rats at sacrifice was 

buffer a t  pH 7.6 (11). As a standard, a 
sample was maintained at  room temperature. 
Another aliquot and a tube containing 3.0 ml 
of buffer only were agitated in a boiling water 
bath for 10 min and then were allowed to 
cool to morn temperature. The volume in 
each tube was next increased to 22.5 ml With 
additional buffer. On 3 successive days, 1.5 
ml was injected subcutaneously into fasting 
“dehydrated” recipient test rats as before. 
Heating HSP showed no significant effect on 
the *j9Fe uptake or rerticulocyte response. 

Table 111 shows the response of recipient 
rats to HSP from the skins of hemin-injtxted 
(3 mg% of heminltotal body wt.) donors from 
several species. All donors were maintained on 
a normal diet. A dose of 0.7 mg HSP in 1.5 mI 
saline was injected, as before, into fasting 
“dehydrated” rats. In one experiment, 1.0 rng 
of mouse HSP was injmted into somewhat 
larger recipient rats. A 0.9% saline solution 
was injeoted into control animals. The data 
confirm the activity of Ithe HSP fraction from 
the hemininjected skin of the cat, guinea 
pig, rabbit, rat, and mouse. 

T o  investigate the effect of inflammartion 
on the production of erythmpoietic substances 
in Ithe skin, donors were injected with sub- 
stances known to produce inflammation (tur- 
pentine ( 12), talcum). Fasting “dehydrated” 
donor rats weighing 2 0 0  gm were subcutane- 

150-160 gm, ously injected on 3 consecutive days with 6.0 
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TABLE 111. Response to HSP  from Various Species." 

HSP donor No. of rats HCT (%)" 501'e uptake (TO) Reticulocyte (YO) 

A. Recipient rats received 0.7-mg sample daily for 3 daysb 
0.9 & 0.2 

Guinea pig 6 52.0 f 2.0 16.1 f 3.3 1.1 f 0.2 
Rabbit 5 53.8 & 0.6 10.9 L- 1.0 1.0 f 0.1 

Cat 6 55.0 k 2.3 15.3 k 0.7 

Rat 6 54.1 f 1.8 16.8 -t 1.2 1.1 2 0.3 
0.4 -t 0.1 Control 6 49.2 t 2.6 

B. Recipient rats received 1.0-mg sample daily for 3 daysb 
Mouse 4 50.7 f: 2.8 24.3 f 4.7 1.5 k 0.3 
Control 4 50.3 f 2.5 7.6 t 1.6 0.6 f: 0.2 

4.7 f: 0.8 

" Recipients were fastirig "dehydrated" rats. 
Rat wts. at sacrifice: Expt. A. 150-160 gin; Expt. H. 180-1130 gni. 
2 Standard deviation. 

TABLE IV. Effeet of Skin Extracts from Other Iiiflttmination Producing Substances. 

Recipient" 
treatment Mean HCT 

Donor treatment (mg) No. of rats (yo) 6DFe uptake (%) * 

Turpentine (0.5 ml/day for 3 days) 1.0 5 54.5 5.8 L- 0.6 
1.5 5 53.0 6.3 L- 1.5 

Talcum (6 mg/dny for 3 days) 1.0 5 55.0 6.9 * 1.1 

Control 5 54.5 5.0 L- 0.3 
(saline) 

" Fasting " dehydrated " rats received 3 daily subcutaneous injections of Iyophilized skin 
ppt. Rat  wts. at sacrifice: 160-170 gm. 

k Standard deviation. 

TABLE V. Effect of HSP  on Polycytlieniic Rats." 

Treatmentb Polycythemic rats HCT (To) Uptake (%) Reticulocytes (%) 

HSP 6 61.5 & 2.3 24.0 k 3.9 .42 f .06 
Control 6 61.7 k 1.6 14.6 t 0.4 .12 L- .05 

"Ra t  wts. at sacrifice: 210-220 gm. 
Polycythemic rats received 2 daily 4.0-ing iiijectioiis. 
L- Standard deviation. 

mg of talcum or 0.5 ml of turpentine. The 
skins were extracted as before and samples 
(1.0 mg and 1.5 mg) of the precipitate frac- 
tions were tested in recipient rats. The results 
(Table IV) indicate that the subcutaneous 
injection of turpentine and talcum did not 
produce erythropoietically active material 
in the skin. 

Table V shows the results of an experiment, 
using recipient polycythemic racts, to establish 

the activity of HSP in a system other than the 
fasting "dehydrated" rat. Significant increases 
( p  = <.002) are produced in both radio- 
iron uptake and reticulocytes. 

Discussion. Extraction of the skin tissues 
from the site of hemin injection involves 5 
general steps from the homogenate to the 
erythropoietically active HSP fraction. It 
should be noted that these steps do not effect 
complete separation since slight erythropoietic 
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effects were found in recipient rats upon the 
injection of an excessive (10 mg) amount of 
lyophilized HSS. 

For dose response, all test animals were 
treated from a polrtion of a single HSP solu- 
tion that was diluted to the required concen- 
tration for injection since specific activities 
were found to vary from extract to ex!tract. 
The log dose response curves resemble the 
sigmoid curves of Schlueter et ~ l .  (13), 
rather than the straight line curves of Hodg- 
son et d. (14). 

Microscopic examinations on thin sections 
of rat skin, obtained from the site of hemin 
injection, showed a nonspecific inflammatory 
infiltrztion with many polymorphonuclear 
leukocytes, a scattering of plasma cells and 
an occasional lymphocyte. These facts 
presented the possibility that inflammation 
alone could produce an erythropoietically 
active substance. Since the examinartion of 
tissues at the site of injection of turpentine 
and talcum revealed a similar inflammation 
reaction, both of these substances were used 
for the preparation of extracts in the same 
way that HSP was prepared. Since the re- 
sultant extracts induced no erythropoietic ac- 
tivity when tested, it was concluded ithat the 
production of an erythropoietically active sub- 
stance was not inflammation-dependent per 
se . 

Other studies in this laboratory indicate 
that the production and effect of HSP may be 
highly specific for skin. Since this specificity 
is not due to the inflammatory cells, a rational 
explanation of the interaction of subcutaneous 
hemin and the skin, as well as the mode of 
action of HSP, must await the results of 
continuing studies on isolation and characteri- 
zation. 

Summary. A method is presented for the 
extraction of a hemin-stimulated, heat stable 
erythropoietically active fraction (HSP) from 
the skin of subcutaneously injected animals. 
The production of HSP is not species specific; 

similar substances were produced by the 
enderonic tissues of the cat, guinea pig, rabbit, 
rat, and mouse. While the production of HSP 
is coincident with inflammation produced by 
hemin injection, the production is not inflam- 
mationdependent per se since other inflam- 
matory substances ,tested do not stimulate 
production. The HSP compares favorably 
with erythropoietin Standard B (from human 
urine) for erythropoietic activity in the fasting 
“dehydrated” rat. Its activity has also been 
confirmed in the polycythemic rat. The dose- 
response curve for HSP administration shows 
a definite response to as little as 70 pg. The 
maximal response plateaus at  a dose of 
about 1 mg. 
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