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Enhancement of Hematopoietic Action of Hydrocortisone by Cobalt in

Adrenalectomized Rats.

(24561)

JaMmes W. Fisuer* (Introduced by W. F. Cantrell)

Dept. of Pharmacology, University of Louisville, School of Medicine, Louisville, Ky.

We have recently reported that adrenalec-
tomy interferes with the hematologic response
to cobalt in the rat although rats subjected to
a sham operation respond to cobalt as readily
as normal rats(1). Further analysis of this
effect seemed to require experiments in which
adrenalectomized rats were treated with both
cobalt and adrenal hormones. Several reports
indicating that adrenocortical hormones stimu-
late erythropoiesis in the bone marrow of the
adrenalectomized and intact rat(2-5) and in-
duce an elevation in total circulating red cell
volume in the normal rat(6) suggested that
the hormones of the adrenal cortex should be
investigated in this way. The present report
describes the results of concurrent adminis-
tration of cobalt and hydrocortisone to
adrenalectomized rats in which it was found
that these substances together stimulate eryth-
ropoiesis considerably more effectively than
hydrocortisone alone.

Materials and methods. Male albino rats
of the Wistar (Purdue) strain were studied in
2 experiments: (I), 8 control rats, 8 adrenal-
ectomized rats receiving 2 mg hydrocortisone
per kg daily and 8 adrenalectomized rats re-
ceiving a combination of 2 mg hydrocortisone
and 2.5 mg elemental cobalt per kg daily for
a period of 28 days after operation. (TI) 8
control rats. 8 adrenalectomized rats receiving

* Public Health Service Fellow of Nat. Heart Inst.
in Dept. of Pharmacology, Univ. of Louisville. Pres-
ent address: Dept. of Pharmacol., Univ. of Tenneseee,
Memphis. Supported by grants from Heart Assn. of

Louisville and Jefferson County and Research Di-
vision of Lloyd Bros., Cincinnati, O.

1 mg hydrocortisone per kg daily, and 8
adrenalectomized rats receiving a combina-
tion of 1 mg hydrocortisone and 2.5 mg ele-
mental cobalt per kg daily for a period of 28
days after operation. Erythrocyte counts,
hemoglobin and hematocrit determinations
were made at 10, 20 and 28 days. The hy-
drocortisone and cobalt injections were started
on the day following the operation. Total
red cell volumes were determined at 28 days.
(obalt chloridet was given as an intraperiton-
eal injection daily at a dosage of 2.5 mg ele-
mental cobalt (10 mg CoCls + 6H;0) per kg
of body weight. The hydrocortisone acetate!
was suspended in 0.9% NaCl solution and in-
jected subcutaneously daily at various sites
under the skin of the back. Blood was ob-
tained for erythrocyte, hemoglobin and hema-
tocrit determination by anesthetizing the rat
with ether and clipping the tail. Erythrocyte
counts were done with U.S. Certified blood
pipettes and the improved Neubauer counting
chamber. Hematocrit determinations were
made with Van Allen hematocrit tubes (1.6%
aqueous sodium oxalate as diluent) which
were spun for 30 minutes at 3,000 rpm with a
radius of 17 cm. Hemoglobin determinations
were made on the Klett-Summerson colori-
meter by the acid hematin method(7). Body
weights were determined at the time of the
hematologic studies. Red cell volume was

tAnalytical grade CoCl,*6H,0 with maximum
limits of impurity for lead of 0.005%.

{ Hydrocortisone acetate supplied through courtesy
of Upjohn Co., Kalamazoo, Mich.
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Effects of Combined Injections of Hydrocortisone and Cobalt on Blood Picture of Adrcunaleeto-

mized Rat.

No. Red cell
Day rats B.W. RBC Hemat HB MCV MCH MCHC vol
EXP. I
N No treatment
] 8 3574234 95+ .78 444 +2.7 160+13 47.7+ 1.7 168+ .95 358 +1.1
10 8  362.7 227 9511 445+21 16.7+1.0 457+ 7.0 176=+13 374+1.6
20 8 380.5+225 94410 43117 154+13 455+ 41 16 6+20 358=+3.2
28 8 391.0x306 80=+18 47.0+ 14 150+ .78 49.3 + 47 180-+5.0 31.1+14 268 +.45
Adrenalectomized—hydroeortisone—=2 mg/kg/day
0 8 3354 +269 82+ .97 436+ 1.6 151+ .81 540+ 8.2 18.7+29 34615
10 8 2743 +28.7 135+ 12 473 +33 172+19 353+ 26 134+ .60 384 +22
20 7 281.0 +33.6 114 +14 455+34 173+ 1.7 394+ 53 153 +12 38519
28 5 258.0+36.7 11.4+20 48.0+55 16.6 + 1.7 425+ 42 14821 347+ 2.6 2.40 .46
Adrenaleetomized—ecobalt—hydrocortisone—2 mg/kg/day
01 8 3254365 95+11 441 +28 165+12 4692 6.5 17.7+25 3756+
10 8 270.0 =241 114 +14 503 3.8 192+ .94 444 + 44 17.0 = 2.0 383 =+
20 72760 +280 135+14 55046 19624 41.1+ 64 146+ 18 35.6+
28 5 223.0 + 25.3 14.7 =18 65.6 =38 193 +1.7 450+ 45 13.2+14 204+ 9.06+1.08
EXP, 11
Nonadrenaleetomized—No treatment
0 8 3206 +31.6 87+ .87 41.2+20 14.6+ .60 475+ 54 169 +15 354+13
10 8 3406 =325 9.6+13 43.2+1.0 147+ .45 457+ 6.9 156 +23 344+1.6
20 8 357.8+284 92+ .96 41.8+2.4 147+ .80 455+ 40 16.2+19 353 +12
28 8§ 379.0-+298 96+ 11 47.0+2.0 150+ .96 49.3 + 48 158 +3.5 32,020 2.61+.10
Adrenalectomized—hydrocortisone—1 mg/kg/day
0 8§ 32144209 84415 41.8+22 143+ .93 506+ 8.9 17.2+2.7 340323
10 8 2821 +9242 100420 404 +45 139+20 41.6+ 86 14133 328 4.0
2() 8 260.8+15.7 88 +25 42.0+3.5 144+ .98 53.1+119 161 +40 355+1.2
28 8 252.0+14.6 9.0+19 48.0+2.0 135+ .79 52.5+10.7 15.7 +3.5 28222 3.58 +.28
Adrenalectomized—eobalt—hydrocortisone—1 mg/kg/day
] 8 2993 +241 9.0+17 40.8+1.2 144+ .99 48.7+ 94 16.6 =3.7 353 £ 1.7
10 8 274.0+205 106+ 14 437 +3.7 147+11 418+ 54 142+24 33.8+22
20 72620475 11.9+1.6 47655 173 +19 403+ 45 147419 364 +£2.6
28 5 241.0+51.0 12515 60.0+49 18.6 +2.1 489+ 4.0 15.0=+1.9 32.1+3.6 6.66+.66
Day = Day treatment; B.W. = Body wt in g; RBC = Red cell count in nulhons/rmn3 Hemat — Hema-

toerit in 9% ; HB = Hemoglobm in g/100 ml; MCV = Mean corpuseular vol in u°; MCH — Mean corpus-

cular lmmoglobm in yug; MCHC = Mecan corpusculal hemoglobin eone. in % ;

cell vol = ml red cells/100 g B.W,

determined with P* tagged erythrocytes by
the method of Hevesy and Zerahn(8) as modi-
fied by Berlin et al.(9). The tagged cells were
injected into a vein, exposed by an incision on
the inner aspect of the thigh, and a blood sam-
ple removed vig heart puncture for counting
after 10 minutes. The blood was dried on
aluminum planchets and counted with an end
window Geiger-Mueller counter. Bilateral
adrenalectomy was performed under ether
anesthesia by a short transverse incision
through the skin and lumbar muscles just be-
low the last rib on each side. In order to in-
sure against leaving behind any closely adher-
ing accessory adrenal tissue, the fat surround-
ing the gland to a distance of ¥4 to 1 cm was

+ — Stand. dev. and red

removed on each side. Each animal adrenal-
ectomized was given 10,000 units of Procaine
Penicillin intramuscularly at time of opera-
tion and on the following day. The adrenal-
ectomized rats were maintained on 0.9%
NaCl. At the end of the study, the adrenalec-
tomized animals were examined for evidence
of accessory adrenal tissue. P values were de-
termined by Fisher’s “t” test.

Results. The data presented in Table I
indicate that the anemia of adrenalectomy was
prevented, for the most part, by administra-
tion of hydrocortisone at a dose of 1 mg/kg/
day. After 28 days of treatment with 1 mg
hydrocortisone there was an increase of 15%
in hematocrit, 7% in rbc count and a 6% de-
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crease in hemoglobin. The MCV was mark-
edly decreased at 10 days but was slightly
above normal at 20 and 28 days. The red cell
volume was 3.58 ml per 100 g body weight.

Hydrocortisone at a dose of 1 mg/kg per
day given concurrently with cobalt at a dose
of 2.5 mg/kg dailv induced a marked eleva-
tion in hematocrit (479%). rbc count (399 )
and hemoglobin (299%). The red cell volume
was 6.66 m1’100 g at 28 days. MCV was de-
creased at 10 and 20 days but returned to nor-
mal at 28 days. The adrenalectomized rats
progressively lost weight when treated with 1
mg hydrocortisone with or without cobalt.

The 2 mg- kg dose of hydrocortisone in
adrenalectomized rats resulted in 109 in-
crease in hematocrit. 399 increase in rbc
count. and 10% increase in hemoglobin
at 28 days. However. total red cell vol-
ume was only 2.4 ml! per 100 g. The
combination of 2 mg hvdrocortisone and co-
balt induced a pronounced rise in hematocrit
(499 ). rbc count (55%) and hemoglobin
(17%). The red cell volume was elevated
to the extremely high value of 9.1 ml per 100
g. Adrenalectomized rats treated with either
2 mg hydrocortisone or the combination pro-
gressively lost weight, the former decreasing
30% and the latter 46% in 28 days. Autop-
sies at 28 days revealed no evidence of acces-
sory adrenals in any adrenalectomized animal
receiving either hydrocortisone alone or the
combinations.

Discussion. 'The remarkable increases in
hematocrit and red cell volume evoked by the
combination at 20 and 28 days suggest a syn-
ergistic (more than additive) action between
cobalt and hydrocortisone. A thorough
analysis of this synergism becomes quite in-
volved because (1) adrenalectomy alone pro-
duces temporary anemia(1.4): (2) cobalt in
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the adrenalectomized animal may correct the
anemia during the first 20 days, although sat-
isfactory statistical evidence for this is lack-
ing(1); (3) cobalt clearly stimulates the
adrenalectomized rat during the second month
after adrenalectomy(1); (4) the complete
dose-response curve for hydrocortisone in the
adrenalectomized rat is not available; (5)
loss of weight in certain groups introduces an
extraneous variable and (6) the large number
of different groups needed makes it quite dif-
ficult to carry out a complete experiment in
which all variables are studied simultaneously.

Summarv. In the rat, hydrocortisone pre-
vented the anemia of adrenalectomy and in
one experiment caused a moderate increase in
total red cell volume. Hydrocortisone and co-
balt injected concurrently in adrenalectomized
rats produced a marked elevation in hemato-
crit, rbc count, hemoglobin and total red cell
volume. This joint action of cobalt and hy-
drocortisone at least equalled the sum of the
separate effects.
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