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was of a lower order of magnitude than that 
encountered in pantothenic acid, pyridoxine 
( 1), and pteroylglutamic acid deficiencies. I t  
seems possible that the increased susceptibil- 
ity of vit. A-deficient animals to disease 
processes may be attributed in part to their 
decreased antibody-synthesizing ability. 

With respect to vit. D-deficiency, it is gen- 
erally agreed that rachitic animal's are no 
more susceptible to infection than controls re- 
ceiving adequate doses of this vitamin ( 15). 
In addition, studies(20,21) of the ability of 
rachitic animals to produce antibodies follow- 
ing antigen injection have indicated that there 
is no impairment of this function. In agree- 
ment with these observations we found no sig- 
nificant difference between antibody levels of 
vit. D-deficient rats and those of control ani- 
mals. 

The experiments reported in this paper 
complete an extensive study of the effect of 
the following deficiency states upon the anti- 
body response of the albino rats (Sprague- 
Dawley strain) to the antigenic stimulus of 
Group 0. Rh positive human erythrocytes: 
pantothenic acid, pyridoxine, riboflavin ( 1 ) , 
biotin, thiamine ( 2 )  , pteroylglutamic acid, 
niacin-tryptophan, vit. BIZ, vit. -4, and vit. 
D. Identical immunological procedures were 
employed throughout these investigations. 
From our results it is possible to classify 

roughly the effects of these deficiencies upon 
circulating antibodies into 3 groups as fol- 
lows: Group I. Severe impairment of anti- 
body response-pantothenic acid, pyridoxine, 
and pteroylglutamic acid deficiencies. Group 
11. Moderate impairment of antibody re- 
sponse-riboflavin, thiamine, biotin, vit. A, 
and niacin-tryptophan deficiencies. Group 
111. No impairment of antibody response- 
vit. BIZ, and vit, D deficiencies. 

Summary. 1. Hemagglutinin production in 
response to inoculation with human erythro- 
cytes has been investigated in pteroylglutamic 
acid, niacin-tryptophan, vit. B12, vit. A; vit. 
D-deficient rats and their respective controls. 
2. Severe impairment of antibody response 
was observed in the pteroylglutamic acid-de- 
ficient rats. Moderate impairment was dern- 
onstrated in vit. A and niacin-tryptophan de- 
ficiencies. Vit. BI2 and vit. D deficiencies had 
no effect on antibody formation. 3. -4 rough 
classification of the effect of 10 deficiency 
states upon antibody production is presented. 
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Panthenol, (u,y-dihydroxy-N- (-3-hydroxy- 
propyl ) +$-dimethyl butyramide) the alcohol 
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analogue of pantothenic acid, was demon- 
strated by Pfialtz(1) to be approximately as 
effective as pantothenic acid in enhancing 
growth and curing pantothenic acid deficiency 
symptoms of the rat. Later Burlet( 2)  showed 
that panthenol was oxidatively converted to 

1. Pfaltz, H., 2. f .  Yitaminforschung, 1943, v13, 

2. Burlet, E., Zbid., 1944, v14, 318. 
236. 
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TABLE I. Relative Effectkeneas of Panbothenic Acid and Panthenol in Stimulating Antibody 
Reeponse of Panbthenic Acid Deficient Rats. 

Pantothenic acid deficient ,-Pantothenic add o o n t r o h  -Pantheno1 controls--7 

Wt ('Lad" Titer Initial Final" Titer Initial Final" Titer Initial 
Wt (g) Wt (g> 

39 
44 
48 
42 
40 
41 
4.4 
41 
44 
36 
40 
41 
34 
41 
37 
47 

Avg 91 

85 
74 
115 
78 
78 
85 
74 
110 
73 
61 
77 
83 
79 
89 
58 
78 
81 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

47 
47 
4l6 
48 
44 
48 
4!4 
46 
46 
45 

46 

261 
25 7 
260 
288 
262 
287 
267 
270 
260 
361 

267 

1 : 5120 
51 20 
5.1 20 
5120 
5120 
2560 
5120 
2660 
5120 
2560 

1 : 4356 

4G 
48 
47 
46 
44 
47 
45 
48 
46 
44 

4!6 

847 1:5120 
2878 2560 
278 2560 
247 5120 
248 5120 
255 5120 
256 5L20 
984 5120 
354 3560 
2.44 5120 

259 1:4352 

At t i m e  of bleeding. 

pantothenic acid in both rats and humans. 
Recently, Rubin and his co-workers(3,4) on 
the basis of urinary excretion studies have 
concluded that panthenol is more available 
to rats and humans than calcium pantothenate 
when fed at high dosage levels. On the other 
hand at  the lowest level tested, the availability 
of the two substances was found to be essen- 
tially the same. 

Since in the course of our studies on the 
relationship of nutrition to immune response, 
we have occasionally noted that the process of 
antibody synthesis is a more sensitive criterion 
of dietary adequacy than that of growth or 
symptomology(S), it seemed of interest t o  
determine whether panthenol is as effective 
as calcium pantothenate in preventing the 
observed suppression of circulating anti bodies 
in pantothenic acid-deficient rats( 6,7). 

Experimental. Thir ty-six male weanling 
albino rats were distributed into 3 groups as 

3.  Rubin, S. H., Cooperman, J. M., Moore, M. E., 

4. Rubin, S. H., Drekter, M. E., and Pankopf, R., 

5. Ludovici, P. P., and Axelrod, A. E., in press. 
6. Axelrod, A. E., Carter, B. B., McCoy, R. H., 

and Geisinger, R., PRW. SOC. EXP. BIOL. AND MED., 
1947, v66, 137. 

7. Ludovici, P. P., Axelrod, A. E., and Carter, B. 
B., Ibid., 1949, v72, 81. 

and Scheiner, J., J .  Nutrition, 1948, v35, 499. 

Ibid., 1950, v40, 265. 

indicated in Table I. Except for the omission 
of sulfasuxidine, the basal diet was identical 
with that employed in the preceding paper( 5 )  
for t.he production of a pteroylglutamic acid 
deficiency. All animals received a daily 
vitamin pill supplying athe following vitamins: 
thiamine, 40 7 ;  riboflavin, 60 y ;  pyridoxine, 
50 7; niacin, 100 7; biotin, 1 y ;  and pteroyl- 
glutamic acid, 1 7 .  The pantothenic acid- 
deficient rats received no further vitamin 
supplement while the pantothenic acid and 
panthenol controls received a daily intraperi- 
toneal injection of 100 y of calcium panto- 
thenate and a molar equivalent dosage of 
panthenol ( 86 ) , respectively. All animals 
were fed the basal diet ad libitum. Immuniza- 
tion was instituted during the 5th week of 
the experiment. The antigen, immunization 
procedure, and the determination of serum 
antibody titers were identical with those de- 
scribed in the preceding paper ( 5 ) .  

Results. The data obtained are presented 
in Table I where it m y  be seen that panthenol 
was equally as effective as pantolthenic acid in 
promoting both normal growth and attainment 
of a high serum antibody concentration. These 
results are in laccord with previous studies by 
other workers ( 1,2,4) demonstrating the quan- 
titative conversion of panthenol into panto- 
athenic acid by the rat. 
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Summary. 1. Pantheno1 was found to be We are indebted to Dr. E. L. Sevringhaus of Hoff- 
equally as effective as pantdhenic acid in pro- mann-la Roche, for the generous supply of pan- 
moting antibody synthesis in pantothenic acid- t h e n o l e  

deficient rats. Received June 11, 1951. P.S.E.B.M., 1951, ~ 7 7 .  
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Poliomyelitis occurring within 30 days after 
tonsillectomy is predominan:ly bul bar ( 1 ) . 
Khen conipared with the incidence of the 
bulbar form in patients who have not had the 
operation within the sanie period of time, the 
difference is greater than can be explained on 
the basis of pure chance and indicates a causal 
relationship between operation and bulbar 
localization. This is particularly true of chil- 
dren. as shown by the two examples from the 
literature given in Table I. 

In human bulbar poliomyelitis. including 
the post-tonsillectomj- cases. the muscles of 
deglutition and phonation. supplied by the 
S cranial nerve and the nucleus ambiguus. are 
practically aha>-s  involved, the facial muscles 
(K.l-11) in about half. and those supplied 
by the \- and XI1 nerves in lesser numbers(4). 
The nuclei of supply in all these are in the 
pons or medulla. Post-tonsillectomy bdbar 
poliomyelitis occurs almost esclusively dur- 
ing epidemics of the disease, and the onset 
of symptoms according to Aycock's( 1) com- 
pilation nearly always occurs 6-24 days after 
operation. with the peak at 14-16 days. These 
figures agree closely with the incubation period 
of poliomyelitis in general, suggesting that 
virus may be introduced at  the tinie of opera- 
tion. Only rare cases have been reported in 
which 'the onset was less than 4 days after 

*-4ided by a grant from the Sational Founda- 
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TABLE I. Bulbar Polioiiiyelitis in PoliomFelitis 
C.n ses With n lid Without Recent TonsiMec t oiny. 

Polioin~elitis  
Bul- Other YC 
bar forms bulbar P* 

-4. ( 2 )  0-10 Tears 
Toiisillectoin-y 2 4  12 66.7 
So tonsillectotiiy T i 1  6063 1l.t; c .001  

Tonsillectom\- 12 4 i 3  
S o  toiisillectoiiiy 91; 393 19.3 <.Wl 

* Froiii chi square of differences Between bulbax 
and other forms. In  both series P indicates that 
probability of diff crences occurriiig by cliance are 
less tl1nn 1 in 1000. 

C.(3) 3-i ? C : ~ Y S  

operation. Previous attempts (5-7) to re- 
produce experimentally the sequence of bul- 
bar paralysis after tonsillectomy have nearly 
always failed, paralysis when produced usually 
having been spinal in type. In  most of these 
studies. notably that of von Magnus and 
Melnick(7) exposure of the throat to the 
virus has been made after rather than before 
operation. Unpublished observations in our 
laboratory have shown that in order con- 
sistently to produce infection in divided nerve 
it is necessary to apply virus to the central 
cut end before it is sealed off by blood. 

In the present study we have explored two 
hypotheses: (1)  that virus already in the 
pharynx is directly introduced into the peri- 
tonsillar musculature, which is unavoidably 
traumatized during the human operation, and 

5. Sabin, A. B., J .  Am. Med.  Assn., 1938, v l l l ,  

6. Toomey, J. A., and Krill, C. E., Ohio Med. J. ,  

7. von Magnus, H., and Melnick, J. L., Am. J .  

605. 

1942, v38, 653. 
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