
54 ANEMIA IN SWIXE 

plicate this measurement, for example, the 
catheter aperture opens into the stream of 
blood in the vein and is oppositely situated in 
the artery. As a result the kinetic energy fac- 
tor is added to lateral pressure in the first 
case and subtracted in the second. For this 
reason one cannot, without velocity measure- 
ments or their equivalent, give absolute lateral 
pressure values. I t  is possible: however, that 
with bradycm3ia the pulmonary vascular pres- 
sure gradient direction is actually reversed in 
diastole. -4 slow diastolic rise in pulmonary 
artery pressure Seen only in this case would 
conform with this interpretation. The maxi- 
mum systolic pulmonary arterial pressure is 
greatly increased in bradycardia. 

In  one case the cardiac output was meas- 
ured by the direct Fick method before, during 
and immediately after vagal stimulation. The 
values obtained for the cardiac outputs were 
3.2, 2.0 and 2.4 L. per min. in the 3 
situations in the order named. The systemic 
venous pressures rose 2-6 cm HzO during the 
vagal stimulation periods and the mean fe- 
moral arterial pressure fell slightly although 
the pulse pressure increased. 

In  two experiments with acetylcholine and 
one with acetyl-beta-methylcholine adminis- 
tered in such doses as to lower the heart rate 
to a half or less of the control value similar 
changes in pulmonary vascular pressures were 
recorded. 

The observations recorded herein are entire- 
ly in harmony with predictions from classical 
hemodynamics. They are being reported prim- 
arily because ithey have a bearing on the mech- 

anism of production of pulmonary congestion 
and edema, in. states of bradycardia. In  one r e  
spect the effects of acute vagal stimulation 
appear to differ from the results when com- 
parable bradycardia occurs gradually after 
increasing the intracranial pressure. In  the 
latter case the pulmonary artery pressure rises, 
in contrast to the fall reported herein for acute 
vagal bradycardia. It should be noted that 
when vagal stimulation was continued fur 10 
minutes, the bradycardia being maintained, the 
pulmonary artery pressure rose to values above 
the control level. The pulmonary venous 
pressure remains elevated. The mechanism 
of the delayed rise in pulmonary artery p~es- 
sure has not been analyzed. It is obvious 
from thne observations reported here that 
simple bradycardia can account for the eleva- 
tion in pulmonary venous pressure seen when 
cardiac slowing results from elevations in 
intracranial pressure. Since in the latter situa- 
tion the ensuing pulmonary edema is correlat- 
ed with the pulmonary venous pressur&{ one 
can also link the genesis of the edema with 
bradycardia. 

Summary. The bradycardia produced by 
vagal stimulation and by the administration 
of acetylcholine or acety I-be t a-me t h ylcholine 
resulted in ar, elevation of mean pulmonary 
venous pressure and a smaill fall in mean pul- 
monary artery pressure. These observations 
are discussed in relation to the genesis of 
pulmonary edema in situations in which 
bradycardia occurs. 
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In 1946 it was reported from this labora- 
tory1 that a pig maintained on a diet in which 

*Aided by a grant from the Tynitcd States 
Public Health Service and the Upjohn Company, 
Xt1lamaz00, Mich. 

purified casein (Borden’s Labco ‘‘vitamin- 
free”) was substituted for crucie casein (Shef- 
field’s Kew Process) and to which 2 per cent 

phre-ys, 6., J.  %a&. and Cllin. Med., 1946, Sl, 423. 
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sulfasuxidine was added, failed to grow nor- 
mally and developed a normocytic anemia. 
Following treatment with a highly purified 
antipernicious acemia liver extract, growth 
was resumed and. after a definite although not 
marked reticulocytosis, the blood returned to 
normal. This observation has been con- 
firmed by Cunha et a1.* However, Welch et 
aLR fed a similar diet to two 63 day old pigs 
and failed to observe either retardation of 
growth or anemia. Cunha et al. reported that 
the development of the anemia was prevented 
by the administration of pteroylglutamic acid 
and, to a lesser extent, by antipernicious an- 
emia liver extract. 

More recently it has been demonstrated in 
this laboratory4T5 as well as by Welch and 
Heinle,O--" &at swine fed a similar purified 
casein diet supplemented with sulfasuxidine 
to which a folic acid anbgonist is added, de- 
velop severe macrocytic anemia, leukopmia, 
slight thrombocytopenia and h p r p l a s i a  of 
the bone marrow. In  the bone marrow there is 
an increase in immature nucleated red cells 
which, furthermore, resemble the megaloblasts 
seen in the marrow of patients with pernicious 
anemia. This anemia responds rapidly to the 
administration. of pteroylglutamic acid. Puri- 
fied liver extracts manifest some hernopietic 
activity in such animals but the activity is 
considerably less than that of pteroylglutamic 
acid P 9 

The purpose of the present study was to 
determine if our original observation could be 

2 Cunha, T. J., Clolby, R. w:, Bustad, L. K., 
and Bone, J .  F., J .  Xutrition, k948, 36, 215. 

3Welch.. A. D., Heinle, R. W., Sharpe, G., 
George, W. L., and Epstein, PRoC. SOC. XXP. 
BIOL. AKD Mm., 1947, 65, 364. 

4 Gartwright, (3. I?., Fay, J., Tatting, B., and 
Wintrobe, M. M., J .  Lab. and G l k .  Med., 1948, 

3 Gartwright, G. E., Tatting, B., Ashenbrucker, 
H.: and Wintrobe, N. M., Blood, 1949, 4, 301. 

GICeinle, B. W., Welch, A. D., George, W. L.. 
Epstein, M., and Pritchard, J. A., J .  Lab. and 
Clin. Med., 1947, 312, 1398. 

7 Welch, A. D., Heinle, R. W., Pritchard, J. A., 
and Solis, H., Fed. Proc., 1948, 7, 300. 

S Heinlc, R. W., Welch, A. D., and Pritchard, 
J .  A., J .  Lab. and Clin. Med., 1948, 33, 1647. 
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confirmed and, if so, whether the anemia so 
produced differs either morphologically or in 
its response to therapy, from the anemia pro- 
duced. in swine given a folic acid antagonist. 

Experinaefital. A total of 75 weanling Ches- 
ter-White pigs, 2 1 t o  28 days of age were used. 
The animals were divided into three groups as 
follows : 

Sulf aspxidine$ 
Group No. pigs Type casein % 
-I--.-_ . -.--.-I - -- --- 

T 12 Purified* 2 
42 Crude t 0 

I11 21 7 7  2 
I1 

All animals received the following vitamins: 
A, D, thiamine, riboflavin, nicotinic acid, 
pyridoxine, pantothenic acid, choline and in- 
ositol. In $addition, those in group I1 were 
given pteroylglutamic acid, animals in group 
I were given para-aminobenzoic acid and those 
in groups I1 and I11 were given biotin. The 
percentage of casein fed is indicated in Tables 
I and 111. Full details of the experimental 
methods, the composition of the basal diet and 
the amounts of vitamins administered have 
been given in previous r e p ~ r t s . ~ * ~ ~ ~ * ~  

Resdts. The hematologic studies in the 1 2  
animals in group I are presented in Table I. 
Anemia develgped in each instance. The 
anemia was mild (volume of packed red cells 
30 to 35 mli100 ml) in 5 pigs, moderately 
severe (volume of packed. red cells 25 to 30) 
in 4 pigs, and severe (volume of packed red 
cells less than 25) in 3 pigs. The anemia was 
normochromic and in general normocytic al- 
though the mean corpuscular volume was 
greater than 65 cp in 4 pigs. Differential cell 
counts on marrow aspirated from the stern- 
um revealed a decrease in the leukocyte- 
eryithroid ratio with m y  immature nucleated 
red cells present. These cells did not differ 
significantly in their morphologic character- 
istics from those,okrved in the marrow of 

* Either Rordcn's Labco "vitamin-free" casein 
or Shcffield 's special alcohol extracted casein.1 

t Slidfield's New Process (Crude) Casein. 
$ Kindly furnished by Sharp and Dohmc, Inc., 

Philadelphia, Pa., through thc courtesy of ]Ira, W. 
A. Feirer. 

9 Wintrobe,. *M. M., Miller, J. L., and Lisco, H., 
Hull. Johns Hopkins Hosp.,~1940, 67, 377. 
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TABLE I. 
IIeii~toiogie Obsrrratioiis in Pigs Receiving Purified Casein and Sulfasuxidine (Group I) .  

RBC 
Casein niillions Hgb. 

Pig in diet, Da-j- of per gm, VPRO XCV, XCH, MCHC, 
xo. 5% c'sp". c .ln111. 70 n11/100ml cp YY % 
9-31 

33 
32 
53 
66 
67 
69 

10-66 
68 
69 
7 1  
82 

18 
18 
26 
26 
12 
12 
1.8 
26 
26 
26 
''6 
2 f i  

135 
206 
136 
85 

130 
130 
130 
190 
190 
139 
153 
94 

3.70 
3.93 
5.19 
5.64 
3.57 
4.6i 
3.03 
4.68 
4.15 
4.52 
4.60 
5.13 

ii . (i 
9.4 

10.4 
9.0 
8.1 

10.1 
6.9 

12.4 
11.3 
9.1 
9.2 
9.9 

21.0 
28.0 
30.5 
30.0 
24.5 
30.0 
19.5 
34.8 
33.0 
28.2 
28.0 
29.G 

57 
i1 
59 
34 
69 
64 
64 
74 
77 
62 
63 
58 

18 
24 
19 
I6 
23 
22 
23 
26 
2; 
20 
21 
19 

31 
34 
33 
33 
33 
34 
36 
36 
35 
32 
33 
33 

VPRC refers to rolume of packed red cells; MCV refers to mean corpuscular volume; MCH 
refers to mean corpuscular liemoglobin ; WCHC. refers to mean corpuscular hemoglobin con- 
centration. 

TABLE 11. 
Response of .the Anenii:i i n  Group T to Pteroylglutaniic .hid (PGA) aud Liwr Extract Therapy. 

Reforc therap? r \ 

Pig DOSV VPRC, Retics, <-> 7- 

s o .  Subst;rnce T.M. nil/lOO nil % c/'c day nil/lOiI nil day 

After therapy 

c \ Rctic peak Vol. pkd. RBC 

9-31 
32 
66 
67 
69 

10-66 
68 
69 
69 
7 1  
i l  

PGA 
PGS 
'PGh 
PCA 
PGA 
PGA 

Liwr extr." 

PGA 
Liver extr." 

P (;-4 

9 9  9 ,  

50 mg 
50 mg 

50 mg 
20 mg 
I50 u 
160 u 
20 mg 
75 u 
20 mg 

50 mg 
50 mg 

24.5 
28.0 
24.5 
30.0 
19.5 
35.0 
32.0 
28.2 
31.0 
27.0 
35.0 

0.6 5.4 3 
0.8 3.6 4 
1.0 16.0 5 
1.0 11.8 3 
0.2 8.0 7 
2.0 6.0 7 
0.8 5.0 2 
2.0 8.0 5 
0.8 12.0 5 
2.2 6.0 ,5 
1.0 14.0 5 

3i.0 
42.5 
44.0 
40.0 
39.5 
45.5 
48.0 
35.0 
455  
37.0 
42.0 

17 
10 
14 
18 
14 
14 
28 
14  
21 
14 
11 

* Parke, Dark and Company, 15 U.S.P. units per ml. 
u refers to C.S.P. units of liver extract. 

pigs receiving a crude methyl folic acid an- 
tag~nist.49~ However, in general the changes 
were not as marked. 

The results of therapy with pteroylglutamic 
acid and with liver extract are presented in 
Table IT. The administration of pteroylglu- 
tamic acid resulted in a significant reticulo- 
cytosis and a rise in volume of packed red 
cells to normal. The administration of liver 
extract was followed by a slight reticulocy- 
tosis and a significant although suboptimal 
rise in volume of packed red cells. In two 
of the pigs so treated the administration of 
pteroylglutamic acid resulted in a second re- 
ticulocytosis and a further increase in tbe 
volume of packed red cells. 

The hematologic studies in the animals in 
groups I1 and I11 are presented in Table 
I11 where are compared the volumes of 
packed red cells and the mean corpuscular 
volumes of pigs fed various proportions of 
crude casein with and without pteroylglu- 
tamic acid and sulfasuxidine. It is clear from 
these data that, like the animals receiving 
purified casein (group I, Table I), the in- 
clusion of sulfasuxidine in a pteroylglutamic 
acid-"free" crude casein diet also resulted in 
the development of significant anemia (group 
111). The anemia was comparatively more 
severe in the pigs fed casein at  a 10 per cent 
level than in those receiving a diet containing 
26 per cent casein. In animals given a folic 
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TABLE 111. 
Hematologic Obserra tions in Pigs Receiving Crude Casein. 
(Groups 11 and 111). Mathematical Averages and Ranges. 

Group I1 Group 111 
Dietary r 7 7- \ 

casein, VPRC, XCV, VPRC, MCV, 
% No. pigs m1/100 ml c.p. No. pigs ml/100 ml c .p  

26 

18 

10 42.0 53 
(39-47) (51-63) 

10 37.1 56 
(34-41) (60-62) 

is 3'7.3 58 
(31-41) (57-63) 

10 29.7 58 
(25-37) (51-62) 

10 22 35.7 55 6 24.6 56 

Group I I received pteroylglutamic acid and no sulfasuxidine. 
Group I11 received no pteroylglutamic acid but were given sulfasuxidiue. 
VPRC refers to volume of packed red cells. 
MCV refers to mean corpuscular volume. 
Figures in parentheses represent range. 

(31-32) (51-63) __-- (34-40) (49-65) ~ _ _ _  

acid antagonist, it has also been found that 
pteroylglutamic acid deficiency develops more 
rapidly on a diet low in protein.5 

There were certain dissimilarities between 
the anemia produced on a crude casein diet 
and the anemia produced on the diet contain- 
ing purified casein. No anemia (volume of 
packed red cells greater than 35 m1/100 ml) 
was present in 6 ( 2 9  per cent) of the pigs fed 
a crude casein diet. The anemia when it de- 
veloped was mild (volume of packed red cells, 
30 to 35) in 4 pigs (23 per cent), moderately 
severe (volume of packed red cells, 25 to 30) 
in 8 (38 per cent), and severe (volume of 
packed red cells less than 25) in only 2 (10 
per cent). Thus the anemia was not produced 
as consistently, nor was it as severe, as in 
pigs fed the purified casein. I t  developed 
somewhat more slowly and when present, was 
normocytic. Furthermore, after the develop- 
ment of anemia in the animals fed crude casein 
in each instance reticulocytosis appeared spon- 
taneously and this was followed by the com- 
plete disappearance of the anemia (Fig. 1). 
The reticulocytosis was gradual in its de- 
velopment and persisted for several weeks, 
giving a low, flat curve. A sharp peak, such 
as .follows the admninistraticm of pteroylglu- 
tamic acid (Fig. l ) ,  was not observed. The 
degree of reticulocytosis varied from 6 to 23 
percent and usually reached 10 to 15 per 
cent. 

Pigs maintained on a diet in Summary. 

which purified casein was substituted for crude 
casein and to which 2 per cent sulfasuxidine 
was added developed anemia which responded 
partially to purified liver extract and complete- 
ly to pteroylglutamic acid. This anemia re- 
sembles that which has been produced in pigs 
given a folic acid antagonist. 

Pigs maintafned on a diet containing crude 
casein and to which 2 per cent sulfasuxidine 
was added developed less pronounced anemia 
which disappeared spontaneously. 

I I I 

25 50 . 75 100 I25 150 175 
I 

Days on €xprf'ment 
E'lct. 1. 

Pig 9-72 (Group 111) received crude casein 
(12v0). Note tho development of anemia and the 
spontancous reticulocytosis with relief of the ano 
mia. Pig 9-66 (Group I) reccivcd purified casein 
(12%). Note the persistent anemia and the rapid 
response with a sharp reticulocyte peak which fol- 
lowed the administration of pteroylglutamic acid. 
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