
OXYGEN CONSUMPTION 

Schuster and Schramm(3) concluded that the 
deamination of 2 groups was, in average, le- 
thal. It thus does seem probable that all RNA 
inactivating reactions need involve but a small 
fraction of the potentially reactive sites. The 
ability to coaggregate with native protein may 
not be noticeably affected by this extent of 
modification of the RWA structure. 

I t  seems possible that these observations 
may have future practical implications. When 
the nucleic acid free proteins of pathogenic 
viruses will have been isolated in native form, 
these may prove more suitable for immuniza- 
ticn than the “killed” viruses. If, however, 
they should prove less than perfect, because 
they lack the typical virus achitecturet, 
then reconstitution of such a native pro- 
tein with the isolated and thoroughly inac- 
tivated preparation of the corresponding RNA 
might supply the most effective means of safe 
immunization. Unfortunately, reconstitution 
has yet been possible only with TMV and its 
strains. 

Summary. TMV-RNA inactivated by vari- 
ous means, in particular by reaction with pro- 
pylene oxide, retains its ability to form virus- 
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like rods with native TMV-protein. Such re- 
constituted inactive virus is serologically in- 
distinguishable from the intact virus. The 
structural and potential practical implications 
of this observation are discussed. 
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Correlation between Oxygen Consumption and Erythropoiesis in 
Hypophysectomized Rats Treated with Various Doses of Thyroxin.* 
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A4nemia which develops in hypophysecto- 
mized animals is accompanied by a decrease 
in oxygen consump tion ( 1-4) . Therapies 
which have eliminated this anemia, such as a 
combination of thyroxin, cortisone and growth 
hormone (3,4) have elevated oxygen con- 
sumption. It has been proposed(l,2) that 
anemia in the hypophysectomized rat is an ex- 
pression of a decreased need for oxygen of the 
animal, and that the above therapy proved 
beneficial because of increased oxygen need 
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resulting from such treatment. This was 
tested by altering oxygen consumption with 
various doses of thyroxin given in con junction 
with cortisone and growth hormone (4). Oxy- 
gen consumption and erythropoiesis varied di- 
rectly with the dose of thyroxin given. Several 
investigators studied the effect of thyroxin on 
hypophysectomized rats ( 5-8). Partial allevia- 
tion of anemia, bone marrow repair and reti- 
culocytosis have all been reported but no at- 
tempts were made to relate the effect of vari- 
ous doses of thyroxin to changes in oxygen 
consumption and alterations in erythropoiesis. 
If the oxygen need theory is correct, thyroxin 
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'I'ABLE I. Effects of Hypopbpsectomy Alone and H ypophysec toiny Followed by Treatment with Vary- 
illg Doses of Thyroxin on Oxygen Consumption atid Total Erythrocyte Volume in Adult Female Sprague- 

Uawley rats, -L- = ataiid. error. 

Norlwll HYP., Hyp., 0.01 mg Hyp., 0.05 mg EIyp., 0.10 mg 
controls n o  tre:rtment thy . / r l : i~  x 55 thy./cisy X 25 thy./day X 10 

y* of % of $6 of % of 
32 rats 23 rats nor11~11 14 I x t h  norm:rl 16 rats iiorriiul 8 rats normal 

-1-3.80 k 3 . 7 3  2 2 ..-i 0 t 2 . 5 7  44.8 
Body wt, g 267 213 80 191 7 2  163 61 163 6 1  

oxygen ColltiLulIp- 9.01 ci .ot i  67 9.il2 100 11.1'7 124 9.61 107 
tion, l/m2 body k . 1 4  t . 2 0  *.STi k . 2 0  - +.36 
surface/hr 

Plasma vol, ec 8.13 6.63 81 5.48 67 3.96 T3 5.70 70 

I:lootl ' *  .' 15.98 10.9ci 7 3  !I..;-! Gt 11.01 '73 10.18 68 
k . 1 4  - +.il9 2.l); 4.19 2 . 3 4  

2 . 2 0  k . 1 4  2 . 1 4  k . 3 0  2.55 

YOI, C(+ 5 . 1 2  k . 0 7  *.ox k . 1 4  k . 2 4  

bOCl,Y n-t - +.ot i  k . 0 4  - +.I).? t.10 k.11 

T u t a l  c*rytl1rocytc 6.83 1.3R 63 4.06 5 9 5.05 74 4.48 60' 

l < / t ' t t l ,  \ ) c r  1O() g O.5ti 2.04 $0 11. 1:; 83 3.11 1 2 1  2.74 107 

alone. which increases oxygen need, should 
stimulate erythropoiesis and one should be 
able to obtain a variation in erythropoiesis 
with varying doses of thyroxin in the absence 
of cortisone and growth hormone. This ex- 
periment was devised to determine the effects 
of various doses of thyroxin on oxygen con- 
sumption. and to see whether erythropoiesis 
would mimic any changes elicited. 

Female rats, 3 to 
4 months of age, of Sprague-Dawley (Holtz- 
man) strain were fed standard T'urina chow 
nd lib. supplemented once a week with lettuce. 
Completeness of hypophysectomy was checked 
a t  autopsy by examining the organ site with a 
dissecting microscope. Blood volume meas- 
urements were made by the Evans Blue dye 
method as described by Metcoff and Favour 
( 9 ) .  The method used for determining oxy- 

gen consumption has been described ( 1 ) . Hone 
marrows were saved for histological study. 
Femurs were removed a t  autopsy, the ends 
cut off and one side of shaft cut away. The 
remaining bone and marrow was placed in  
Helly fixative, later washed and placed in  
70'j: alcohol. Subsequently the marrow was 
removed from the bone in a long strip, cleared 
in dioxane, embedded, sectioned a t  6 p ,  and 
stained with Giemsa stain. 

Procedure. Ninety-three rats were used; 
3 2  served as normal controls and 61 were hy- 
pophysectomized. After the hypophysecto- 

ilkfaterials and methods. 

mized rats became anemic, they were divided 
into 3 groups as follows: (1 j no treatment, 
( 2 )  daily subcutaneous injections of 0.01 mg 
thyroxin.: (3)  daily subcutaneous injections 
of 0.05 mg thyroxin, and (4)  daily subcutane- 
ous injections of 0.10 mg thyroxin. These 
doses were chosen because these were the 
same as given in combination with cortisone 
and growth hormcne(4). Although it  was 
planned to inject all treated groups the same 
number of days, it was soon apparent that the 
higher doses were causing a severe weight loss. 
Accordingly, those receiving 0.01 mg daily 
were injected for 45 days. those receiving 0.05 
mg for 2 5  days, and those receiving 0.10 mg 
only 10 days. In  spite of this discrepancy in 
time, the data proved interesting. 

Rcszilts are summarized in Table I. Animals 
hypophysectomized and not treated exhibited 
a 3354 decrease in oxygen consumption, ac- 
companied by a 215% decrease in total eryth- 
rocyte volume/100 g body weight. Treatment 
with 0.01, 0.015 and 0.10 mg of thyroxin raised 
oxygen consumption of the hypophysecto- 
mized rats to 100, 124 and 1077$ of normal 
respectively; these elevations were accom- 
panied by erythrocyte volumes/100 g body 
weight 83, 121 and 107%1 of normal. 

Careful study of histological sections of 
bone marrows (Fig. 1-5)  substantiate these 
results. Hypuphysectomy induced the usual 

I>I, thyroxin. 
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FIG. 1. Femur marrow from normal rat 5 months 
of age ( X  80). Note amount of fat and islands of 
dark cells representing erythroid elements. 

FIG. 2.  Femur marrow from hypophysectomized 
animal 4 months after surgery ( X  80). Note increase 
in amount of fat and decrease in size and distinctness 
of islands of erythroid elements. 
FIG. 3. Femur marrow from rat hypophysecto- 

mized for 2 months followed by daily injections of 
0.01 rng thyroxin for 45 days ( X  80).  Note close re- 
semblance to  normal marrow above. 
FIG. 4. Femur marrow from rat hypophysecto- 

mized for 2 months followed by daily injections of 
0.05 mg thyroxin for 25  days ( X  80). Note hyper- 
plasia with loss of fat and increase in size of islands 
of erythroid elements. 

FIG. 5. Femur marrow from rat hypophysecto- 
mized for 2 months followed by daily injections of 
0.10 mg thyroxin for 10 days ( X  80). Note normal 
appearance of marrow. 

decrease in size and scattering of the islands of 
erythroid elements and an increase in fat. 
When slides were thoroughly mixed and treat- 
ments of animals unknown, a correct diagnosis 
of a non-treated hypophysectomized rat was 
made in all but one marrow. Best results were 
obtained with daily dose of 0.05 mg of thy- 
roxin; the marrows in these animals were 
stimulated to a degree that islands of eryth- 
roid elements were larger than those found in 
normal controls and €at was decreased in 
amount when compared to normal. All rats 
were diagnosed as either normal or stimulated 
beyond normal. Treatment with 0.10 mg of 

thyroxin induced a marrow with normal ap- 
pearance of erythroid elements and approxi- 
mately a normal amount of fat. All but one 
of these marrows were diagnosed as nurrnal. 
Treatment with the lowest dose, 0.01 mg, in- 
duced variable results. They were dia3:nosed 
as normal, containing too much fat, or ques- 
tionable. 

Discussion. Decreased oxygen need has 
been proposed as a cause for anemia which de- 
velops in hypophysectomized animals. This 
theory is supported by the fact that oxygen 
consumption is decreased after hypphysec- 
tomy, and that this low oxygen consumption 
is maintained even after the erythrocyte pic- 
ture is returned to normal by transfusions( 1 ). 
Therapeutic measures (except cobalt) proved 
effective in eliminating post-hypophysectomy 
anemia, have also elevated oxygen consump- 
tion; those found ineffective have not(2). 
This theory finds further support when one 
considers that the erythrocyte level after hy- 
pophysectomy does not continue to fall but 
plateaus at  a fairly constant level 30 to 40 
days after hypophysectomy. In addition, mar- 
row in the hypophysectomized rat will respond 
normally under conditions of decreased oxy- 
gen tension ( lo ) ,  or if made more anemic by 
bleeding or by total body irradiation ( 11-14). 
Erythropoiesis does occur in hypophysecto- 
mized animals when the level of erythrocytes 
is lowered below the number actually needed 
by that animal. 

I n  our experiment, injections of various 
doses of thyroxin in to hypophysectomized rats 
induced increases in oxygen consumption 
which were accompanied in animals receiving 
the 2 highest doses by similar changes in total 
erythrocyte voIume/100 g body weight. In- 
creased erythropoiesis in bone marrows was 
observed in these groups. Similar results were 
reported (4) when cortisone and growth hor- 
mone were given in combination with the same 
doses of thyroxin. The 2 experiments differ 
with respect to response to lowest dose of thy- 
roxin. Oxygen consumption was returned to 
normal in both instances, but the erythrocyte 
picture was normal only when thyroxin was 
combined with cortisone and growth hormone. 
However, it is apparent that when one in- 
creases the oxygen demand beyond this low- 
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est level the relationship between oxygen con- 
sumption and erythropoiesis can be demon- 
strated without cortisone and growth hormone. 
This correlation of oxygen consumption and 
erythropoiesis with thyroxin alone provides 
another instance in support of the oxygen need 
theory. 

The marked loss of body fat in our experi- 
ment must be taken into consideration. There 
is certainly no doubt that body size must be 
considered when studying blood volumes as 
well as when determining oxygen consumption. 
It has been suggested that this loss of fat may 
not be similar to loss of a combination of all 
tissues and that the expression of total eryth- 
rocyte volumes/100 g body weight is not cor- 
rect. The fact that these findings in tota1 
erythrocyte volumes/100 g body weight were 
accompanied by similar changes in marrow ac- 
tivity would seem to indicate that our conclu- 
sions are valid. 

One cannot conclude from this experiment 
that post-hypophysectomy anemia is caused 
by a simple hypothyroidism in that the ane- 
mia of thyroidectomy is less severe than that 
of hypophysectomy. Loss of growth and 
adrenocorticotrophic hormones is also in- 

treated with 0.01, 0.05 or 0.10 mg of thyroxin 
daily. Oxygen consumption in the 3 groups 
of animals was 100, 124 and 107y1 of normal; 
total erythrocyte volumes/100 g body weight 
were 83? 121 and 107% of normal. Hypophy- 
sectomized controls exhibited oxygen con- 
sumption 67% of normal with total erythro- 
cyte volume/100 g body weight, 795% of nor- 
mal. These data support the oxygen need 
theory of post-hypophysectomy anemia. 
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