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Inhibitory Effect of Pyridoxine Deficiency on Growth of a 
Transplanted Tumor in Rats." (31498) 
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Department of Pathology, University of Maryland School of Medicine, Baltimore 

There have been many attempts to analyze 
differences in requirements of certain nutri- 
tional factors between host and tumor tissue 
(1,2,3,4). Of special interest have been the 
studies on vitamins. Major chemotherapeutic 
advances in the treatment of malignancy have 
resulted from these studies. 

The effect of vitamin Br, as a constituent 
that may influence tumor growth has had an 
interesting but rather enigmatic history. 
Bischoff et aZ reported the retardation of 
growth of Sarcoma 180 in mice deficient in 
pyridoxine; addition of vit. BG to the deficient 
diet caused a significant increase in the growth 
of the tumor (5 ) .  Kline et aZ( 6)  showed that 
in rats partially depleted of pyridoxine, the 
percentage of takes of the Flexner-Jobling 
carcinoma was lower, number of regressions 
was higher, and the size of the tumor smaller 
than in control animals receiving a diet con- 
taining pyridoxine and the same number of 
calories. Similar results were obtained by 
this group for the Yale adenocarcinoma-1 and 
a mouse fibrosarcoma. Boutwell et d ( 7 )  re- 
ported that they could lower the incidence of 
the induction of epithelial tumors in mice only 
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by lowering the concentration of all B vita- 
mins in the diet, and that pyridoxine depletion 
alone did not affect tumor incidence. 

A number of other induced and transplant- 
able tumors have since been observed and 
evaluated for growth characteristics in hosts 
made deficient in vit. B,;. In several investi- 
gations the pyridoxine antagonist, 4-desoxy- 
pyridoxine, was utilized to induce the defi- 
ciencies. Results varied according to tumor, 
host, and experimental procedures(8,9,10,11, 

The experiment described here was for- 
mulated to demonstrate the relationship of 
tumor growth to vit. B6 by quantitating the 
growth of a transplanted tumor in rats that 
were made deficient in vit. B6 by a combi- 
nation of deficient diet and an antimetabolite 
regimen. 

Materials and methods.  Exp. 1. The rats 
used were Marshall 520 strain obtained from 
the National Cancer Institute, Bethesda, Md. 
Eighteen young female animals, ranging in 
weight from 77 to 122 g, were divided into 
3 groups, 2 with 7 animals (deficient group 
and pair-fed group) and one with 4 animals 
(ad libitum group). The groups of 7 were 
subdivided into 3 and 4 animals and caged 
in wire bottom cages so that the collective 
body weights of the animals in each com- 
parable cage were equal. 

The complete diet was as shown in Table I 

1 2 ) .  
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TABLE I. 

g/kg w / k g  &/kg 

Crude casein (83% protein) 240 
Sucrose 640 
Mazola oil 80 
Sal ts  TV (14) 4 0 

Vi tarriiiis (15) 
Thiamine hydroellloride 4 
Riboflavin 8 
Pyridosiiie hydrochloride 4 
C" n lciuiii pa 11 tho t 11 eiia t e 25 
Niacin 40 
Alpha tocopherol 23 
Oleu111 ~'ercomorplrunl 210 

Mciiaclioiie 2.1 
B, 2 300 

(13,14). The deficient diet included all 
ingredients with the exception of vit. B6. 

The deficient group of 3 and 4 animals, re- 
spectively, was given the B,; deficient diet ad 
libitum. After 24 hours the amount of food 
consumed by the group of animals in each 
cage was weighed and the same amount of 
complete diet given to the correspondins rats 
of the pair-fed group. In addition, to ac- 
celerate the deficiency, the deficient animals 
were given 4-desoxypyridoxine7§ .3 mg/ml 
( I S ) ,  in their drinking water ad libitum. This 
was withdrawn at  the time of tumor trans- 
plant, to avoid any direct toxic effect of the 
antimetabolite on the tumor. The ad libitum 
group was given a complete diet without 
restriction. Both pair-fed and ad libitum 
groups were given normal drinking water. All 
animals were weighed at  weekly intervals. 

The tumor used was Osteogenic Sarcoma 
344, obtained from Dr. Snell, National Can- 
cer Institute(l6). This was the 248th trans- 
plant generation of this tumor. I t  grows suc- 
cessfully in 100% of rats after subcutaneous 
transplant with no regressions; no metastases 
have been reported. 

When it had been determined after a period 
of about 21 days that a deficiency state had 
been achieved in the experimental group on 
the basis of classical changes of acrodynia as 
described by others( 1 7 ) ,  1 mm3 sections of 
tumor were cut uniformly by hand and trans- 
planted subcutaneously by trwar into the 
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right inguinal region of the animals. At the 
same time identical transplants were made 
into each of the 2 control groups. Ten days 
later all tumors subsequently measured in this 
experiment were palpable and by 15 days all 
were measurable. One animal in each of the 
3 groups faiIed to develop the tumor early 
enough to include it in the measurements, 
although all animals eventually did develop 
the mass. Measurements were taken daily 
from the 15th to the 22nd day following im- 
plantation. The greatest diameter of the 
mass was measured by placing preformed 
circular cutouts, of known diameter, over the 
growth. On the 22nd day after transplant, 
due to the large size of the tumor in the ad 
libitum group, all animals were sacrificed, the 
tumors were removed, weighed and examined, 
and characteristic frozen sections of tumor 
were taken from each grotup for microscopic 
examination with hematoxylin and eosin 
stain. Every animal was surveyed for 
metastases, but none were found. Two ani- 
mals from the deficient group had died in the 
interim: one on the 17th day and one on the 
18th day following transplant, Autopsy re- 
vealed an interstitial pneumonia characterized 
by a mononuclear cell infiltrate. 

Exp. 2. This experiment was conducted 
using the same procedures as described in 
Exp. 1. Twenty-seven female animals of the 
Marshall 520 strain were used initially. In 
this experiment, however, the rats were more 
mature and of a greater initial weight ranging 
between 114 g and 164.5 g with the vast 
majority weighing between 130 and 150 g. 
With this group it took 24 days before 
changes of rat acrodynia were seen. Daily 
measurements of tumor size were taken from 
the 15th to the 22nd day following transplant. 
In this experiment, as in the first one, several 
animals were omitted because tumors failed 
to appear within the usual time period. Also 
several animals whose tumors showed re- 
tarded growth because of location (i.e., over 
the sacrum) were omitted. 

Results. Exp. 1. Food consumption rec- 
ords revealed that the deficient animals 
averaged approximately 7 g of food intake 
per day per animal before the tumor trans- 
plant; after transplant daily consumption of 
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T A B L E  I T .  Effect of Pyridosone Deficiency 011 Weight of Rat.s. 
~ ~~ ~~~~~ ~~ ~ ~ 

7 hvcwge weight of aniiiials (g)  2 S.D. -, 
Esp I Initial Il'eek 1 Week 2 Week 3 

Deficient (7) * 97.2 f 3.t; 95.0 2 3.1 94.8 k 2.6 91.0 2 2.7 
P,zir-fed (7 )  104.6 2 5.7 105.9 * 5.3 1 0 9 . 8 2  .5.0 115.7 t 4.7 
A d  Zibitzim (4) 8 T . 6 2  3.(i 92.3 & 1.4 105.3 -+ 2.0 112.6 2 3.0 

Deficient (7) * 139.5 2 8. i  136.0 5 7.1 129.0 & 8.2 121.0 2 9.9 
Exp I1 

Pair-fccl (6)  142.5 & 6.8 15.5.0 & 11.3 154.0 2 12.4 166.0 & 13.9 
Ad Zibituut ('7) 139.8 2 20.5 l(i3.5 2 34.4 160.9 2 44.6 195.3 2 50.2 

* Figure in p:trenthcscs indicates No. of aiiimals in group. 

the deficient animals dropped slightly. The 
pair-fed group, by contrast, readily consumed 
its food, often finishing a day's ration within 
2 hours. 

Table I1 summarizes the effect of each diet 
on the growth of the animals prior to im- 
plantation of the tumor. While the pair-fed 
group showed a slight gain in weight and the 
ad libitum group gained moderately (29%) ,  
the deficient animals displayed a mild weight 
loss. 

The results presented in Fig. 1 indicate 
that the tumor in the deficient animals was 
smaller than that of the pair-fed and ad 
libitum group during the course of the meas- 
urements. By termination of the experiment, 
the neoplasm of the deficient group had not 
reached the average size that the tumors of 
the other 2 groups had reached on the first 
day of measurement 8 days previously. Fur- 
thermore, the effects of dietary restriction as 
seen in the pair-fed animals were not sufficient 
to account for the retardation of growth. This 
was substantiated by the fact that the final 
tumor size of the restricted group was re- 
duced by only 14% over the ad libitzim con- 
trols, while the deficient group showed a 
reduction of 50% in final tumor size. 

Another striking difference may be noted 
by comparing the final weights of the tumors 
from each group as shown in Fig. 2.  In 
analyzing these data, however, we must take 
into account that at  autopsy the tumors of the 
ad libitum group were hemorrhagic and ne- 
crotic to a marked degree, the neoplasms in 
the pair-fed group showed moderate necrotic 
foci, and the deficient group tumors were 
almost completely free of necrosis. Un- 
doubtedly this necrosis contributed greatly 

to the final tumor weight of the ad libitum 
group. However, comparing only the pair- 
fed with the deficient animals, the average 
weight of the tumor of the former group is 
over 3 times greater than that of the deficient 
group. This comparison of these two groups 
in which the animals had the same caloric 
intake, and the diets of which differed by only 
one constituent (vit. BG) is revealing. 

Comparing the final tumor weight to the 
final total body weight of the animal (Table 
111), if we again ignore the normal animals 
because of the diffuse tumor necrosis, the 
difference between the neoplasms is note- 
worthy. The pair-fed tumor accounted for 
2.6 times greater percentage of the final body 
weight than did that of the deficient group. 

Histologic sections of tumors from each of 
the 3 groups revealed no microscopic dif- 
ferences other than those attributable to the 
increased necrosis. Exp. 2. The deficient 
animals again consumed 7 g of food per day 
prior to transplant, but following transplant 
their food consumption increased to 8-9 g per 
animal per day. 

Table I1 shows weight trends similar to 
those in Exp. 1 .  There was a mild weight loss 
in the deficient animals, a moderate increase 
in weight in the pair-fed group, and a marked 

TABLE 111. Effect of Pyridoxine Deficiency 0x1 
T 11 ni o r Weight . 
Tumor weight as To of total body 

weight & S.D. 
Diet rcgi inen Exp I Exp I1 

Deficient (4 ) "  5.0% ? 2.170 17.3% 2 4.4% 
Pair-fed (6) 13.070 & 1.3% 25.5% 2 3.070 
A d  l i b i t u m  ( 3 )  25.7% 2 3.6% 21.8% 6.4% 

* Figure in parcntlieseu indicates No. of ariiiiials 
in group. 
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FIG. 1. Average diameter of tumor of deficient 
animals (lower solid line) as compared to that cf 
pair-fed group (middle broken line) and ad libitunt 
group (upper line) over measured period in Esp. 
I and 11. 

increase in the ad Zibitum group during the 
production of the deficiency. 

Results presented in Fig. 1 demonstrate 
that although inhibition of tumor growth oc- 
curred it was not as striking as in Exp. 1. 

Nevertheless, the mean tumo'r size of the de- 
ficient animals was smaller than that of the 
tumors from the control groups throughout 
the experiment. 

Fig. 2 reveals marked differences in final 
tumor weight between the deficient animals 
and the other two groups. Why this difference 
was not reflected in tumor diameter is not 
clear. Again the tumors in the deficient ani- 
mals show far less necrosis than those in the 

EFFECT OF PYRIDOXINE 
DEFICIENCY ON TUMOR 

WEIGHT 
Exp e r i ni en t I 

i- - -, 
! I  

401 
I 

ci vj 20 31 
31 

10 

DEFICIENT PAIR FED AD-LIB IT^^ 

DEFICIENT PAIR FED A D - L l 6 1 T U M  
FIG. 2. Comparison of average weights of tumors 

from the 3 groups. The striking difference in both 
Exp. I and Exp. I1 between Ithe deficient group and 
the other two is readily apparent. However, the 
difference in tumor necrosis between each group must 
be considered. 
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other two groups. Otherwise microscopically 
no morphological differences in the tumors 
were seen. 

Examination of tumor weight as a per- 
centage of total final body weight (Table 111) 
indicates a difference among the 3 groups 
not nearly so striking as that in the first ex- 
periment. I t  was surprising to find such a 
small value for the ad libitum group. 

Discussion. In recent years much light has 
been shed on the intricate and vitally im- 
portant contributions made by pyridoxine in 
the overall scheme of biochemical processes 
( 18). Its essential role in transamination, 
plus its integral part in dehydrase, desulfhy- 
drase and decarboxylase reactions show its 
importance in all aspects of protein metabo- 
lism. Vit. B,; is also known to play a very 
important role in carbohydrate and fat me- 
tabolism( 19,ZO). Much speculation may be 
made as to the exact role pyridoxine defi- 
ciency played in the striking tumor inhibition 
in Exp. 1. However, subtle factors may play 
a part. On repeating this protocol in the sec- 
ond experiment with larger, more mature 
animals, statistically significant effects were 
not observed though definite trends of tumor 
inhibition were established (Fig 1 ) .  The 
exact role this difference in maturity plays 
cannot be definitely stated. Perhaps the older 
animals had greater tissue storage of vitamin 
B(j and were not as depleted as the young 
rats, or the older animals may not have had 
as great a need for the available vit. BG 
although tissue storage of the two groups 
was probably equal. Our criterion for defi- 
ciency may have been, therefore, a qualitative 
phenomenon but not a quantitative one. 
Which and Nichol( l o )  found that degree of 
deficiency plays an important role in tumor 
inhibition. They have shown that inhibition 
of Sarcoma 180 in mice is related to the 
length of time the animals were on a BG defi- 
cient diet prior to transplant of the tumor. 
Therefore it may be worthwhile to repeat the 
procedure using quantitative methods to esti- 
mate deficiency (i.e., tissue levels of BG) or 
semi-quantitative methods (i.e., xanthurenic 
acid index). 

Whether the experimental differences found 
also signify a possible hormonal relationship is 

not certain but there is considerable work in 
the literature regarding the interplay of vit. 
BO and hormones (2 1 ) . That growth hormone 
may be an important factor is also specu- 
lation. However, Beare and his associates 
( 2 2 )  have shown that administration of 
growth hormone to pyridoxine deficient ani- 
mals accentuated both qualitative and quanti- 
tative manifestations of the deficiencies as 
measured by skin changes and B,; content of 
liver. This latter observation along with the 
data from the second experiment may also ex- 
plain the varying results other workers have 
obtained with vit. BG deficiency and other 
tumor-host systems. Further work is neces- 
sary to clarify the precise role that pyridoxine 
deficiency plays in tumor inhibition, and its 
possible usefulness as a clinical tool. 

Summary. Two experiments were con- 
ducted using rats of the Marshall 520 strain 
depleted in vit. Ba by the use of a deficient 
diet and 4-desoxypyridoxine. Osteogenic 
Sarcoma 344 was transplanted into the defi- 
cient animals, a pair-fed group and an ad 
libitum group. Desoxypyridoxine was re- 
moved from the diet of the deficient animals 
on the day of tumor transplant. In Exp. 1 
daily measurements of the tumor showed a 
marked inhibition of the growth of the tumor 
in the deficient animals as compared to the 
control groups. The mean weight of the 
tumor and also the mean weight as a per- 
centage of final mean total body weight were 
also decreased. In a second experiment 
larger, more mature animals were used. Tu- 
mor inhibition in the deficient animals was 
again observed, although it was not so striking 
as in the first experiment. No histological 
differences in the tumor were noted in either 
experiment with the exception of increased 
hemorrhage and necrosis in the neoplasms of 
the ad libitum animals. 

The authors wish to express their sincere thanks 
to Dr. Harlan I. Firminger for guidance in this 
protocol. We are also grateful to Dr. Charles Bar- 
rows for assistance in preparation of the diet and 
Dr. Catherine Snell for supplying the tumor-host 
system. 

1. Henderson, J .  F., Le Page, G. .4., Cancer Re- 

2 .  Shapiro, D. M., Shils, M. E., Dietrich, L. S., 
search, 1959, v19, 887. 



AMINOACIDURIA IN MAGNESIUM DEFICIENCY 403 

ibid., 1953, v13, 703. 
3. Tann,enbaum, A., Silverstone, H., ibid., 1952, 

4. Tannenbaum, A., Ann. N. Y. Acad. Sci., 1947- 

5. Bischoff, F., Ingraham, L. P., Rupp, J. J., Arch. 

6. Kline, B. E., Rusch, H.  P., Baumann, C. A., 

7. Boutwell, R .  K., B'rush, M.  K., Rusch, H .  P., 

8. Loefer, J .  B., ibid., 1951, v l l ,  481. 
9. Brockman, R. W., Thompson, H .  R., Schaeberl, 

10. Mihich, E., Nichol, C. A., ibid., 1959, v19, 279. 
11. Mihich, E., Rosen, F., Nichol, C. A., ibid., 

12. Benton, D. A., ibid., 1963, v23, 1016. 
13. Hegsted, D. V., Mills, R. C., Elvehjem, C. A., 

v12, 744. 

48, v49, 5. 

Path., 1943, v35, 713. 

Lavik, P.  S., Cancer Research, 1943, v3, 825. 

ibid., 1949, v9, 747. 

F. M., Jr., Skipper, H.  E., ibid., 1956, v16, 788. 

1959, v19, 1244. 

Hart, F. B. C., J.  Biol. Chem., 1941, v138, 459. 

14. Barrows, C. H., Jr., McCollum, E. V., Chow, 
B. F., J .  Nutrition, 1952, v47, 525. 

15. Stoerk, H. C., Ann. N. Y. Acad. Sci., 1949-50, 
v52, 1302. 

1 2 .  Stewart, H. L., Snell, K. C., Dunham, L. J., 
Schlyen, S. M., Atlas of Tumor Pathology, Sec. 
XII-Fasc. 40, Armed Forces Inst. of Pathology, 
Washington, D.C., 19.59. 

17. Sullivan, M., Nicholls, J., J .  Invest. Dermat., 
1940, v3, 317. 

18. Snell, E. E., Vit. and Horm., 1958, v16, 35. 
19. Obasawara, N., Hlagino, Y., Kosake, Y., J. Biol. 

20. Sherman, H., Vit. and Horm., 1950, v8, 55. 
21.  Hsu, J. M., Davis, R. L., Chow, B. F., J. 

22. Beare, J .  L., Beaton, J .  R., Smith, F. I., 

Chem., 1962, v52, 162. 

Biol. Chem., 1958, v230, 889. 

McHenry, E. W., Endocrinology, 1953, v52, 396. 

Received July 12, 1966. P.S.E.B.M., 1966, v123. 

Generalized Aminoaciduria in the Magnesium Deficient Rat." (31499) 
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The experimental induction of magnesium 
deficiency in the rat has been demonstrated 
by numerous investigators to cause growth 
failure, renal damage, hypercalcemia, phos- 
phaturia, urinary nitrogen loss, and kaliuresis 
( 1,2,3). These findings prompted our investi- 
gation of urinary amino acid excretion and 
this report documents the presence of patho- 
logic aminoaciduria and changes in renal so- 
dium-potassium activated Adenosine Tri 
Phosphatase (Na-K ATPase) in the magne- 
sium deficient rat.$ 

Materials and methods. Albino female 
rats (Holtzman) of initial weight 150-2001 g 
were divided into control and deficient groups. 
Animds were housed in individual metabolic 
cages with stool-urine separators in a constant 
temperature room with 12-hour light cycles. 
Magnesium deficient diet (General Biochemi- 

~~ ~~ ~ ~ ~ 
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abstract form(4). 

cals, Chagrin Falls, Ohio), demonstrated to 
be nutritionally adequate with the exception 
of magnesium, was homogenized in deionized 
water and an aliquot of the homogenate re- 
presenting 7.5 g of the diet was given to each 
rat twice daily by gavage feeding (15 g diet 
total daily feeding per rat) .  With the ex- 
ception of the addition of 1 mEq magnesium 
acetate per feeding to control rats, diets were 
identical for each group. All rats were fed 
the magnesium-supplemented diet for the ini- 
tial 6 days to establish baseline values. 

24 hour urines were col- 
lected under toluene, refrigerated, and pooled 
in 6 day batches for each rat. Stools were 
collected on a 6 day schedule, weighed, and 
homogenized in a standard volume of deioni- 
zed water and refrigerated until analysis. The 
duration of this experiment was 30 days. 

Control and deficient rats 
were begun with conditions identical to Exp. 
1 except that the magnesium content of the 
diet of the deficient animals was increased to 
0.065 mEq per day to allow a slower onset 

Experiment 1: 

Experiment 2 :  


