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STRONG EVIDENCE has accumulated to indicate that erythropoiesis in
mammals is under the control of a circulating principle, the erythropoiesis-

stimulating factor ( ESF ) or erythropoietin.1’2 A similar regulatory system may

be operative in amphibians and birds.3’4 The ESF appears in large quantities

in the plasma of animals subjected to bleeding or low oxygen pressures’ and

its production is inhibited in starved and plethoric animals.5 Among the mam-

mals a lack of species specificity for the ESF is evident. Thus ESF of human

origin stimulates red blood cell ( RBC ) production in mice, rats and humans.1’6

On the other hand, class specificity for this principle appears to exist since

mammalian ESF fails to stimulate erythropoiesis in the frog and bird, while

plasma from bled frogs and birds is ineffective in mice.3’4

In an attempt to derive additional information on the phylogeny of the ESF,

the present studies were performed in the teleost fish commonly termed the

blue gourami ( Trichogaster trichopterus).

MATERIALS AND METhODS

Fish

Maintenance of the blue gourami under laboratory conditions is easy and requires no

special facilities.7’8 Adult male and female fish weighing 4-6 Cm. were used in all experi-

ments. All fish were supplied by Paramount Aquarium, Ardsbey, New York. During the

experimental period, fish were kept in 23i gallon disposable plastic aquaria maintained at

room temperature which varied from 24 to 28 C. All groups of fish (except those

used in starvation studies ) were fed with equal amounts of dried food ( Golden Manna,
Aquarium Stock of New York City ) and a mixture of cooked beef liver and oatmeal
(Beechnut baby oatmeal).

Method of Obtaining Blood

The gourami is relatively large among tropical fishes ( Fig. 1) and adequate amounts of

blood (0.05-0.08 ml.) can be obtained from a single bleeding of one fish. Repeated
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Fig. 1.-Normal adult gouramis (X 1).

l)leedings of these fish at seventy-two hour intervals have been performed with little mortal-

ity. Two workers are needled for the bleeding operation, one to hold the fish, and the other

to take the blood sample. A 0.25 ml. syringe with a 27 gauge needle is used in this opera-

tion. The needle is inserted in the midline of the jugular region of the fish at a point

approximately 5 mm. posterior to the apex of the V formed by the ventral cover of the

opercula. After the initial insertion, the needle is manipulated carefully until it is inside

the pericardial chamber as indicated by the flo��’ of the blood into the syringe. Blood is

then slowly drawn from the heart. No anesthetic is used in the 1)lee(liIlg process.

Estimation of Erythropoiesis

Several criteria were employed to determine the effects of starvation, refeeding, bleed-

ing, anemic fish plasma and mammalian ESF on erythropoiesis in the gourami. These

included tile peripheral RBC counts ( hemocytometer method ) , hematocrit ( estimated with

heparinized microcapillary tubes ) , hemoglobin ( cyanmethemoglobin method ) . Values of

per cent incorporation of 59FeC13 into peripheral RBC were obtained after injecting each

fish intracardiably with 0.05 uC. of the radioiron in 0.05 ml. saline with a 30 gauge needle.

Twenty-four hours later the animals were bled via heart puncture, a 0.05 ml. sample of

blood obtained and counted in a well-type scintillation counter for 2 minutes. Radioiron
incorporation was determined using the following formula:

% RBC-59Fe Incorporation = Blood Volume X Count/0.05 ml./2 mm. X 100
Injected CPM

Blood Volume Determinations

Total blood volume was estimated by the 59Fe- labeled RBC method. Radioiron-

labeled RBC were obtained from fish (bled twice to stimulate erythropoiesis) which had

been injected with 0.1 uC. 59FeC13 two days prior to exsanguination. Blood from these fish

was pooled, following which the RBC were washed and resuspended in saline. A 0.05 ml.

sample of this suspension registering approximately 7,000 CPM was injected in the re-

cipient fish via the heart. Thirty minutes were allowed for mixing after which the animals

were bled and the radioactivity of a 0.05 ml. blood sample determined. Total blood and

total RBC volumes were estimated from these counts as described earlier.9
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Effects of Starvation and Refeeding on Erythropoiesis

Four groups were established. Group I was deprived of food for 10 days and then

killed. Group II was starved for the same period as in Group I. In addition, these animals

received an intracardial injection of 0.05 uC. 59FeCl:� Ofl� day before sacrifice. The

animals in Groups III and IV were starved for 10 days, and then placed on a diet of

dry food for 10 days before exsanguination. The fish in Group IV also received an in-

jection of 0.05 uC. radioiron 24 hours before sacrifice. Peripheral RBC counts, hemoglobin

concentrations and hematocrit values were determined in Groups I and III. The animals in

Groups II and IV were used to ascertain the per cent RBC-59Fe incorporation values.

Influence of Bleeding

All fish were bled as described before. Heparin ( 4 mg/mb. ) served as the anticoagu-
lant. Normal and 10-day starved animals were bled once. The volume of blood drawn

from each fish ranged from 0.05 to 0.08 ml. ( approximately 25-30 per cent of the total

1)100(1 volume ) . The animals were then maintained as before ( i.e., no food was given to
the starved group ) for 5 additional days. At the end of this period they were c’xsanguinated

and the various indices of erythropoiesis determined.

Assay of Anemic Fish Plasma and Mammalian ESF in the Blue Gourami

Plasma was obtained from normally fed fish which were bled once 48 hours earlier.

The erythropoietic activity of this plasma and that of mammalian ESF was tested in

starved fish* according to the following schedule. The fish were starved for 4 days prior to

receiving a single intraperitoneal injection of 0.15 ml. anemic plasma or ESF dissolved in
0.15 ml. saline. Forty-eight hours after the injection, each fish was administered 0.05 tiC.
of radioiron. The animals were killed by exsanguination 24 hours later and the per cent

RBC-radioiron incorporation values determined. Food was withheld from these fish for the

duration of the assay.

Effect of Anemic Gourami Plasma and Mammalian ESF on 5”Fe Uptake By

Peripheral RBC in vitro.

Since circulating nucleated erythrocytes of submammalian species are known to synthe-

size hemoglobin,10 the effect of ESF and anemic fish plasma on this process was deter-

mined in vitro. This study was also performed to provide information on the possible direct

effects of these factors on the peripheral circulating RBC within the animal. Suspensions,

consisting of whole blood ( 0.5 ml. ) or washed RBC from 0.5 ml. whole blood resuspended

in saline (0.5 ml. ) together with 0.10 uC. radioiron ( in 0.1 ml. saline ) and either

anemic plasma ( 0. 1 ml. ) or ESF (4 units in 0.1 ml. saline), were incubated for 1 hour at

28 C. in a water bath with frequent shaking. At the end of the incubation period, the

radioactivity of the contents of each vessel was determined. The cells were washed with

saline until no further activity appeared in the wash. The cells were then brought to their

original volume with saline and counted. Radioiron uptake was determined using the

following formula:

% RBC Uptake = CPM after wash X 100
CPM before wash

RESULTS

Table 1 indicates that lack of food caused a significant decrease in the rate

of erythropoiesis in the gourami. This is shown by the lower values of the RBC

counts, hemoglobin concentrations, hematocrits and per cent incorporation of

#{176}Attempts were made to develop a pobycythemic gourami assay. However, transfusions

of gourami RBC into these fish resulted in a high mortality. The basis for this toxicity is

being investigated.
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Table 1.-Effect of Starvation on Erythropoiesis in Gourami

Normal Courami Starved Gourami#{176}

14.84±0.43 (40)RBC (X10-5)/cu. mm. 30.64±0.73f(20fl
WBC (X10-3)/cu. mm. 18.00±1.00 (8) 19.40±1.45 (7)
Hematocrit (%) 27.30±1.47 (15) 13.14±0.42 (36)

Hb (gm %) 10.42±0.36 (20) 5.41±0.21 (40)

Total Blood Volume

(% Body Weight) 4.46±0.83 (15) 3.97±0.54 (15)

Total RBC Volume
(% Body Weight) 1.22±0.14 (15) 0.52±0.08 (15)

Per Cent RBC-59Fe
Incorporation 19.08±2.16 (14) 3.94±0.32 (32)

#{149}Fish were starved for 10 days.

Standard error of the mean.
Number of animals.

Table 2.-Influence of Refeeding on Erythropoiesis in Starved Gourami

Starved Gourami#{176} Starved-Limited Starved-Unlimited
Food� Foodt #{149}

RBC (X10-5)/cu. mm. 17.92±0.78�(8)” 21.06±1.31 (5) 41.12±1.82 (5)

Hematocrit (%) 16.80±1.98 (8) 20.35±2.10 (5) 29.10±0.82 (6)

Hb (gm %) 5.90±0.90 (8) 7.99±0.76 (8) 11,09±1.92 (5)

Total Blood Volume

(% Body Weight) 4.11±1.00 (7) 4.91±1.10 (5) 476±170 (4)

Total RBC Volume
(% Body Weight) 0.69±0.16 (7) 1.00±0.18 (5) 1.39±0.21 (4)

Per Cent RBC-59Fe

Incorporation 6.81±1.11 (8) 21.10±2.32 (7) 32.86±2.92 (8)

Fish were starved for 10 days.

f These fish were fed for 10 days 3� the amount of food given to unlimited group.

I Full diet for 10 days.
� Standard error of the mean.

Number of animals.

radioiron into circulating RBC in these fish. Although the total volume of blood

was not altered significantly, starvation resulted in a significant decrease in the

total circulating red cell volume. It is also apparent that the depressive effect

of starvation on erythropoiesis in these fish can be overcome by refeeding

( Table 2 ) . When the amount of food given these previously starved animals

was restricted to approximately % their normal intake, the rate of erythro-

poiesis was only partially increased. Full replacement of diet, however, corn-

pletely reversed the inhibitory effects of food deprivation on erythropoiesis in

these animals (Table 2-unlimited food ) . In fact, in this group, per cent RBC-

radioiron incorporation values were considerably above normal ( Table 1).

RBC regeneration after bleeding in the gourami occurred with great rapidity

(Table 3). Thus, by as early as the fifth day following bleeding in both fed

and starved fish, considerably greater values than those in non-bled fish were

obtained for the various erythropoietic indices including radioiron incorpora-

tion into the circulating RBC.
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Table 3.-Effect of Bleeding on Erythropoiesis in Normal and Starved Gourami

Normal Courami Starved Gourami#{176}

Before After Before After

Bleeding B1eeding� Bleeding B1eeding�

RBC (X 105)/cu. mm. 30.60±1.731 41.22±2.95 17.12± 1.95 39.80±1.42

(6)� (5) (8) (5)

Hematocrit 28.30±2.58 33.75±1.44 12.88±0.90 34.20±2.60

(%) (8) (5) (8) (5)

Hb (gm %) 9.30±0.42 13.63±1.30 4.16±0.42 14.46±2.10

(8) (5) (8) (5)

Total Blood Volume

(% Body Weight) 5.01±1.16 4.73±1.76 Not det’d. Not det’d.

(5) (4)

Total RBC Volume

(% Body Weight) 1.42±0.19 1.60±0.31 Not det’d. Not det’d.

(5) (4)

Per Cent RBC-59Fe

Incorporation 22.81±3. 10 42.90±4.68 8.14± 1.63 50.11±6.92

(5) (5) (8) (5)- * Starved for 10 days.

f Five days after bleeding.

� Standard error of the mean.

� Number of animals.

Table 4.-Influence of Anemic Gourami Plasma and

Sheep ESF on Erythropoiesis in Starved Fish#{176}

Material Tested Number of Assay Fish % RBC-”Fe Incorp.

0.15 ml. Saline 20 4.08±0.58f

0.15 ml. Normal Gourami

Plasma 15 6.76±0.99

0.15 ml. Anemic Gourami

Plasma 30 24.61±1.96
1 IRP unit Sheep Plasma ESFf in

0.15 ml. Saline 10 22.12±1.98

* Fish were starved for 4 days prior to use and were kept starved for the duration of the

assay.

� Standard error of the mean.

t Supplied by the Erythropoietin Committee of the National Heart Institute (Step III A,

Lot # 147-192 A).

That an erythropoiesis-stimulating principle was evoked in these fish by

bleeding is supported by the data in Table 4. Administration of 0.15 ml. of

plasma obtained from anemic gourami to fish with suppressed erythropoiesis

due to starvation resulted in a highly significant increase in the rate of radioiron

incorporation into the red cells of these animals. Plasma obtained from normal

fish possessed only border-line activity (Table 4). Table 4 shows that adminis-

tration of mammalian ESF to starved fish also caused a significant increase in

radioiron incorporation into the circulating RBC.

To determine the relative sensitivity of these fish to mammalian ESF, the

effect of graded doses of ESF on erythropoiesis was examined. The results
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Table 5.-Effect of Human Urinary ESF on Erythropoiesis in Starved Gourami

Material Testedf (IRP units)t Nuinberof Assay Fish % RBC-”Fe Incorp.±SErn�

Saline 10 6.30±1.10

0.01 ii 8 5.81±0.90

0.05 u 8 8.76±0.74

0.20 ii 8 10.21±0.98

0.50 u 8 10.67±0.60

0.80 ii 8 21.85±2.16

1.00 ii 8 28.63±1.48

4.00 ii 8 36.84±2.91

0 We thank Dr. Lawrence Madoff for supply of urine from a child with severe hypo-

plastic anemia. The ESF was concentrated by the carbowax method.14’�

�I All injections were made in 0.15 ml. saline.

� International Reference Preparation of ESF.

� Standard error of the mean.

shown in Table 5 reveal that erythropoietic effects did not occur until large

doses of ESF were used. The first clear response was obtained only when 0.80

IRP units of ESF was administered ( this corresponds to about 16 units! 100

Gm. body weight ) . The polycythemic mouse is sensitive to approximately

0.2 units! 100 Gm. body weight5 ( i.e. mice are 80 X more sensitive than blue

gourami ).
The possibility that the observed stimulatory effect of anemic fish plasma

and mammalian ESF on RBC radioiron incorporation in the gourami was due

in part to a direct effect on the circulating erythrocytes was examined in vitro.

The results shown in Table 6 indicate that while these cells take up radioiron

in vitro, no stimulatory effect on this process occurred upon addition of anemic

gourami plasma or mammalian ESF to the incubation mixture. It is of interest

that RBC from starved gourami accumulated radioiron in vitro to a smaller

degree than cells obtained from normally fed fish ( Table 6).

DISCUSSION

The present experiments show that in the fish, as in mammals,1 amphibians3

and birds,4 erythropoiesis is influenced by a circulating principle. The data

also demonstrate that erythropoiesis in fish can be quantitated by the same

investigative procedures as are employed to assess RBC formation in mam-

malian species. In this regard, starvation, a depressant of erythropoiesis and

bleeding, an erythropoietic stimulant, appear to influence erythropoiesis in the

gourami in the same manner as they affect RBC production in the mammal.

Fish ESF probably functions similarly to the mammalian ESF. Thus while

stimulating erythropoiesis in vivo, gourami ESF does not appear to affect the

synthesis of hemoglobin in the circulating nucleated erythrocytes of fish in

vitro.

Evidence has been reported for the existence of humoral factors which

control erythropoiesis in the amphibian3 and bird.4 However, attempts to

stimulate RBC production in these species with mammalian ESF have been

unsuccessful. Thus human ESF of plasma origin has failed to stimulate erythro-
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Table 6.-Effect of Anemic Gourami Plasma and Human ESF on the

Uptake of Radioiron by Peripheral Erythrocytes in vitro

Material Added to
Donor Fish State of Blood Blood in addition % RBC���tFe Uptake

to Radioiron

Normal#{176} (40)f Whole Blood None 7.57±1.51t

Normal (38) Washed RBC None 7.36±1.70

Starved� (46) Whole Blood None 2.10±0.50

Starved (46) \Vashed RBC None 3.27±0.68

Normal (38) Whole Blood Anemic Gourami Plasiria” 6.80±0.80

Normal (35) Washed RBC Anemic Gourarni Plasma 8.51±1.49

Starved (49) Whole Blood Anemic Gourami Plasma 4.51±2.30

Starved (39) Washed RBC Anemic Gouranii Plasma 3.28±0.26

Normal (35) Whole Blood Human ESF�T 6.06±1.27

Normal (38) Washed RBC Human ESF 10.09±2.35

Starved (41) Whole Blood Hunian ESF 6.37±0.72
Starved (43) Washed RBC Human ESF 4.38±1.19

a The values for normal blood have been corrected for the differences in heniatocrit levels

in the normal and starved groups.

f Nuiiiber of donor animals.

� Standardl error of the mean.

§ Ten day starved fish.

F, � ml. plasma/0.5 ml. blood.

#{182}:4 IRP units of ESF/0.5 nil. blood.

poiesis in frogs3 and birds.4 The present results show that in the gourami, very

large doses of sheep plasma and human urinary ESF ( 16 units! 100 Gm. body

weight) were effective in augmenting RBC production. The only other report

indicating a similar action is that of Krzymowska et P’ showing that plasma

concentrates from anemic sheep stimulated erythropoiesis in another species of

fish, namely the carp ( Cyprinus carpio L. ) . On the other hand, in the lower dose

range, quantities of mammalian ESF that evoked a wave of erythropoiesis in

mice12 failed to increase RBC production in the gourami. In this regard, the

reported failure of mammalian ESF to stimulate erythropoiesis in birds and

frogs3’4 may have been due to the use of insufficient amounts of this factor. It

is conceivable that all vertebrate erythropoietins possess a common biologically

active core but that slight differences in attached chemical groups are respon-

sible for the class specificities reported. Thus giving very large doses of one

type might produce an effect in another class despite the existence of physi-

ologic class specificity.

It would obviously also be of interest to determine whether plasma from the

anemic gourami is effective in the mammal. In this connection, plasma from

anemic frogs3 and birds4 did not influence erythropoiesis in the polycythemic

mouse. We have attempted to determine the effects of plasma from anemic

gourami on erythropoiesis in hypoxia-induced polycythemic mice. However,

gourami plasma was found to be highly toxic to these mice and extensive

dialysis against saline, distilled water and 0.005 M disodium ethylenediamine

tetraacetate13 failed to reduce the toxicity of the fish plasma. Another difficulty

is that, for experiments of this type, more than 200 fish are required for one

assay of the plasma in 5 mice.
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The finding that the starved gourami is suitable for testing the erythro-

poietic effects of anemic fish plasma and large doses of mammalian ESF sug-

gests its use as an assay animal to assess the erythropoietic effects of prepara-

tions from other non-mammalian forms ( e.g., frogs, birds ) shown to be active

in their respective species.3’4 It is possible that these samples may stimulate

erythropoiesis in the gourami whereas they fail to evoke a response in the

mammal.

SUMMARY

Evidence is presented for the existence of a circulating erythropoiesis

stimulating factor in the bled fish (blue gourami).

Erythropoiesis is inhibited by starvation and increased following a single

bleeding in the gourami.

Administration of serum from the bled gourami to the starved gourami

evokes a highly significant increase in erythropoiesis. Serum from normal

non-bled fish fails to produce this effect.

Large doses of sheep plasma ESF and human urinary ESF ( 16 units/100 Gm.

body weight) stimulate erythropoiesis in the starved gourami. Smaller

amounts, highly active in the polycythemic mouse, are without effect in the

gourami.

No in vitro stimulatory effect on radioiron uptake by peripheral red blood

cells of the gourami was exerted by anemic gourami serum or mammalian ESF.

The starved gourami may find use as a test animal for erythropoietic factors

from other lower vertebrates.

SUMMARIO IN INTERLINGUA

Es presentate evidentia pro be existentia de un circubante factor stimulatori del erythro-

poiese in exsanguinate pisces ( gourami blau).

Le erythropoiese es inhibite per affamation e augmentate per un sob sanguination in le

gourami.
Le administration de sero ab be gourami sanguinate al gourami affamate evoca un alte-

mente significative augmento del erythropoiese. Sero ab normal ( non-sanguinate ) pisces

non produce iste effecto.

Alte doses de factor de stimulation erythropoietic ab plasma ovin e de factor de stimula-

tion erythropoietic ab urina human (in un dosage de 16 unitates per 100 g de peso cor-

poree) stimula be erythropoiese in be affamate gourami. Plus basse quantitates (be quales es

abtemente active in muses pobycythemic) remane sin effecto in le gourami.

In vitro nulbe effecto stimulatori super be acceptation de radio-ferro per erythrocytos

penpheric del gourami esseva producite per sero de gourami anemic o per factor mam-
malian de stimulation erythropoietic.

Le affamate gourami promitte esser un utile modello experimental in be studio de factores

erythropoietic ab abtere vertebratos de basse ordine.
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