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nous parathormone. Lemon (2) used a change 
in the urinary phosphorus-to-calcium ratio 
as method for bio-assay of parathormone-like 
activity. In the present experiment the phos- 
phaturic effect is used as index of this activ- 

ity. I t  is demonstrated (Fig. 1) that commer- 
cial parathyroid extract, under the conditions 
of this experiment, does cause increase in 
urinary phosphorus. A similar effect was ob- 
served in 8 of 22  groups of mice receiving 
hypercalcemic rabbit plasma, and statistical 
analysis indicated this to be highly significant 
difference from groups receiving normal rab- 
bit plasma. 

Histopathologic study of hypercalcemic 
VX-2 carcinoma rabbits shows absence of 
parathyroid hyperplasia. Also excision of tu- 
mor reverses hypercalcemia, indicating likeli- 
hood that circulating parathormone-like sub- 
stance is produced by tumor. 

Summary and conclusions. Serum from hy- 
percalcemic VX-2 carcinoma rabbits has a 
phosphaturic effect similar to exogenous para- 
thormone when injected into mice. The most 
likely explanation is production of parathor- 
mone-like substance by tumor tissue. 
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Food Restriction and Lipogenesis in the Rat. ' (29195) 

J. A. F. STEVENSON, V. FELEKT, A. SZLAVKO AND J. R. BEATON 
Department of Physiology, University of Western Ontario, London, Ontario, Canada 

Restriction of feeding time of rats to a 
period of 1-2 hours per day has been re- 
ported to increase activity of lipogenic mecha- 
nisms Over that observed in animals Per- 
mitted to eat SPOntaneouslY throughout the 

grants from D ~ -  
fence Research Board anid Medical Research Council 

day(1-4). Hollifield and Parson(5) have re- 
cently confirmed that the lipogenic mecha- 
nisms are markedly increased in rats allowed 
access to food for only 2 hours per day and 
added the interesting and practical observa- 
tion that, within a few days after this time- 
restricted feeding program Was initiated, the 
rats trained to eat in a 2-hour period con- 
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sumed greater quantities of food than did 
their controls on spontaneous, ad libitum 
feeding. Hollifield and Parson noted that 
after 10 weeks of experimental feeding, time- 
restricted fed animals were 30% heavier than 
were the controls. This observation led the 
authors to interesting speculations regarding 
the causes and treatment of obesity. 

It has been our observation that restriction 
of feeding time of rats usually results in a 
body weight gain less than that of ad libitum- 
fed controls. We therefore, attempted to re- 
produce the experiment of Hollifield and Par- 
son(5) and the results are reported here. 

Methods. Male rats of the Sprague-Dawley 
strain were housed in individual, screen-bot- 
tomed cages at  an environmental temperature 
of 23 3- 1°C and with 12 hours of light each 
day. In  the 2 experiments to be reported, the 
animals were fed either Purina Chow labora- 
tory pellets (3.6 cal/g; 69, 23, 5% from car- 
bohydrate, protein, fat) or a high carbohy- 
drate diet (HCD) (3.9 cal/g; 71, 21, 5% 
from carbohydrate, protein, fat). Rats on 2- 
hour feeding regimen were fed ad libitum 
from 9:OO a.m. to 11:OO a.m. daily. Food 
intake was measured 5 days each week and 
body weight once weekly. At termination of 
experimental feeding ( 10 weeks or 4 weeks) , 
rats were fasted for 24 hours, then allowed 
food for 2 hours and sacrificed under sodium 
pentobarbital anesthesia ( 6  mg/100 g intra- 
peritoneally). Incorporation of a ~ e t a t e - 1 - C ~ ~  
into lipids by adipose tissue (epididymal fat 
pad) in vitro was determined by a modifica- 
tion of the procedure of Baruch and Chaikoff 
(6).  Free fatty acid content of adipose tissue 
was measured by the procedure of Dole(7). 
Livers were quickly removed, frozen and gly- 
cogen determined by the procedure of Rus- 
sell and Bloom(8). Carcass water was esti- 
mated by drying for 72 hours (to constant 
weight) a t  80°C under vacuum. On aliquots 
of ground, dried tissue, total fat was meas- 
ured by a Soxhlet procedure using acetone 
and ethanol as solvents; nitrogen was meas- 
ured by a micro-Kjeldahl procedure. Protein 
was calculated by multiplying the nitrogen 
value by the factor 6.25. Ash was determined 
by the method of Brown( 9) .  

Restricted feeding time in young male rats. 

Thirty-two young rats weighing approximate- 
ly 125 g were divided into 4 groups of 8 
each. Group I was fed chow ad Zibitum, 
Group I1 chow for 2 hours daily, Group I11 
HCD ad libitum, Group IV HCD for 2 hours 
daily. After 10 weeks of experimental feed- 
ing, all animals were killed and analyses were 
performed. 

Restricted feeding time in aduZt male rats. 
Twelve adult rats averaging 347 g in weight 
were divided into 2 groups of 6 each. Group 
I were fed ad libitum and Group I1 HCD 
for 2 hours daily. After 4 weeks of experi- 
mental feeding, all animals were killed and 
analyses were performed. One rat of the ad 
libitum control group was lost so that analy- 
ses for this group were done on 5 animals. 

Results. Food and water intakes of young 
male rats are shown in Table I. Rats on 2- 
hour feeding ate significantly less than did 
ad libitum controls regardless of diet, and 
water intake was proportional to food intake. 
Rats on 2-hour feeding lost weight during the 
first week of feeding, then showed a gain in 
weight less than that of ad libitum controls 
and, at the end of 10 weeks, had average 
weight 045% less than that of the controls 
(Fig. 1). On both diets, incorporation of ace- 
tate-l-C1* into lipids (Table 11) was signifi- 
cantly increased in animals fed for 2 hours 
compared with ad libitum controls. Although 
free fatty acid content of adipose tissue was 
lower in “restricted” groups than in controls, 
the differences were not statistically signifi- 
cant. Liver glycogen was increased in 2-hour 
fed animals on both diets but this increase 
attained significance only with HCD. Results 
of carcass analyses (Fig. 2 )  indicate that, if 
anything, 2-hour fed animals had less fat and 
a slightly higher proportion of water and ash 
than did ad libitum controls. 

Food intakes, and liver glycogen concen- 
trations in adult animals are shown in Table 
111. As with young rats, adult rats on the 
2-hour feeding regimen ate significantly less 
food than did the ad Zibitum controls. The 
liver glycogen concentration of the 2 hour-fed 
animals was significantly higher than that of 
the ad libitum controls. These animals lost 
weight in the first week and failed to gain 
throughout the experiment, their final aver- 
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TABLE I. Effect of Restricted Feeding Time (2  hr/day) on Average Food Int'ake and Water Intake 
in Young Male Rats. 

Group 
time Food Water Food Water Food Water Food Water 
(wk) int  (g) int  (g)  int  (g) int  (g) int  (9) int  (g) int (g) int  (g) 

I (Chow ad lib) (8) I1 (Chow 2 hr/day) (8) I11 (HCD ad lib) (8) I V  (HCD 2 hr/day) (8) 

1 "19.1 28.2 4.7 11.0 16.3 18.3 5.2 9.7 

2 22.6 33.2 8.1 15.9 18.1 24.9 10.4 14.7 

3 23.7 33.7 9.4 19.0 18.4 31.3 10.9 17.8 

+ .66 k .94 2 . 3 1 t  2 .86t k .85  22 .41  2 .32 t  51.52: 

+ 5 6  k1.59 +.28t k .62t 5 . 1 3  lt4.12 +.lit k1.396 

+- .37 21.16 5 . 4 2 t  5 .95t 2 . 5 6  24 .41  k .63 t  22.509 

- 

- 

4 23.8 

5 24.1 

6 22.4 

7 22.7 

8 21.6 

2 .43 

& .53 

2 .37 

2 .75 

35.0 
21 .31  
36.1 

21.45 
38.8 

k2.04 
40.8 
- +2.33 
40.3 

10.4 
k . 3 9  t 
11.6 
2 . G l t  
11.1 
+.6 l t  
10.2 
2 . 5 3  t 
10.4 

22.0 
k1.02 
23.4 

51 .58  
23.4 

rt1.99 
21.5 

21.64 
20.9 

19.1 
k .89  
18.9 
2 . 7 4  
1 i.7 
2 .68  
18.5 
k . 6 8  

18.9 

27.3 
k2 .95  
28.1 

22 .03  
29.3 

23.69 
31.8 

24 .11  
32.4 

11.2 
2 . 5 2  t 
12.7 
k . 6 7 t  
11.8 
-1.73 t 
10.1 
5 . 6 3 t  
9.8 

20.5 
~ 2 . 5 3  
22.1 

k2 .57  
20.2 
- +2.20 
24.7 

23.30 
20.9 

-1 .43 k2.76 +.66t k1 .90t  2 . 5 1  54 .68  &.50t k2.356 

+.66t 22 .226  2 .54 22 .81  f .67 t  k1 .58t  k . 5 5  k3.63  - 

k1.58 k3.52 +.82t 21.85: 2 . 5 5  23.63 k .66 t  22.03-t 

9 22.8 41.4 10.5 21.5 19.1 32.8 11.5 20.4 

10 22.1 36.3 11.0 22.5 19.1 31.7 11.4 19.1 

* Mean k S.E.M. t P < . O O l  $ P < . O l  
( ) indicates number of animals. 

P <.05 compared with ad lib group on same diet. 

TABLE 11. Effect of Restricted Feeding Time (2 hr/day) on Average Liver Glycogen, Free 
Fat ty  Acids of Adipose Tissue and Acetate-l-C?' Incorporation into Adipose Tissue in Young 

Rats. 

Radioactive acetate 
Liver glycogen Free-fatty acids incorporation 

Group (%) (LfiM/lOO mg fat)  (count/min/g fat/O mass) 

I (Chow ad lib) (8) "2.62 2 .35 .95 & .12 1837 & 150 
I1 (Chow 2 hr/day) (8) 3.21 5 .58 .58 ? .15 55143 5 1 1 0 4 4 t  

I11 (HCD ad lib) (8) 4.17 2 2 8  .64 k .ll 4833 2 1577 
I V  (HCD 2 hr/day) (8) 6.45 I+ .44t .39 f .071 141379 k 1 9 3 5 2 t  

* Mean 2 S.E.M. 
t P < O . O O l  compared with ad lib group on same diet. 
( ) indicates No. of minials. 

TABLE 111. Effect of Restricted Feeding Time ( 2  hr/day) on Average Food Intake in Older 
Male Rats. 

c Time (weeks) \ 

Food intake (g/day) 1 2 3 4 

I-HCD ad lib (5) *14.4 & 1.10 18.9 2 1.06 20.1 & .84 19.5 f 1.25 
II-HCD 2 hr/day (6)  4.0 5 .21t 9.4 2 .70t 11.5 2 .70t 12.3 2 .65t 

Liver glycogen (yo) 
I-HCD ad lib (5) 3.55 f .16 

II-HCD 2 hr/day (6) 5.27 .51$ 

" Mean & S.E.M. t P < O . O O l  $ P <0.02 compared with ad lib group. 
( ) indicates No. of animals. 
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FIG. 1. Body weight changes of young male 
rats provided with chow or high carbohydrate diek 
(HCD) for 24 or 2 hr per day. 

FIG. 2. Body cornpolsition of young male rats 
provided with chow or high carbohydrate diet 
(HOD) for 24 or 2 hr per day. S.E.M. is depicted 
by vertical bars. 

FIG.  3. Body weight changes of adult male rats 
provided with high carbohydrate diet (HCD) for 
24 or 2 hr per day. 

D~SGUSS~OTZ.  Hollifield and Parson ( 5) noted 
that incorporation of acetate- l-C14 into lipids 
by adipose tissue was increased and free fatty 
acid content of adipose tissue fell as rate of 
lipogenesis increased in rats allowed access 
to unlimited quantities of food for only 2 
hours each day. They also noted increased 
liver glycogen in these animals. Our results 
with young male rats fed either Purina Chow 
or a high carbohydrate diet for 2 hours each 
day are in agreement with the findings of 
Hollifield and Parson. However, we have 
been unable to confirm their observation of 
an increased food intake and weight gain in 
2-hour fed animals and, indeed, our results 
in these respects are opposite to theirs. The 
reason for these differences in results is not 
readily apparent. 

In our investigation with chow-fed, young, 
male rats, the strain, sex and starting weight, 
of the rats, the diet, feeding times and dura- 
tion were similar to those used by Hollifield 
and Parson ( 5 ) .  A comparison of body weight 
changes in our experiment with those ob- 
served by Hollifield and Parson reveals that 
the weight gain of their ad libitum controls 
was considerably less than that of our control 
animals (140 g compared to 250 g in 10 
weeks) which, in our experience, is a normal 
rate for this strain of rats. Tepperman and 
Tepperman ( 2 ) , studying rats trained to eat 
a day's ration in one hour noted that, after 
a preliminary period of weight loss, growth 
rate for "trained" rats nearly equalled that 
of controls. However, these workers chose 
only those rats which were gaining weight 
regularly a t  the end of the training period; 
these animals did not gain sufficient weight 
to attain the body weight of the controls in 
the experimental period. 

Summary. 1. Using young male rats fed 
chow for only 2 hours daily, the increased 
lipogenesis in vitro and liver glycogen concen- 
tration reported by others has been con- 
firmed, The phenomena have been demon- 
strated also in young male rats fed a purified, 
high carbohydrate diet for only 2 hours daily. 
2. In contrast to the findings of Hollifield and 
Parson, young rats whose feeding time was 
restricted to 2 hours daily had a lower food 
intake and body weight gain than did ad 
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Zibitum-fed controls whether provided with 
chow or the high carbohydrate diet. These 
“restricted” animals had slightly lower pro- 
portion of carcass fat and higher proportion 
of water and ash. 3. Adult male rats when 
provided with the high carbohydrate diet for 
only 2 hours daily, ate less than ad Zibitum- 
fed controls and failed to gain weight. 

The authors wish to express their gratitude to Dr. 
K. Sitrickland, Dept. of Biochemistry of this Uni- 
versiity for helpful advice in C14 measurements. 
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A Humoral Antibody Associated with Endotoxin Resistance.* (29196) 

LOUIS H. MUSCHEL AND JEAN E. JACKSON 
Department of Microbiology, University o j Minnesota, Minneapolis 

The endotoxins of the gram-negative bac- 
teria are highly toxic, but considerable re- 
sistance or tolerance to their pyrogenic and 
other effects may be induced easily by a se- 
ries of injections of endotoxic preparations in 
experimental animals( 1 )  or by infections in 
man(2). In many of their physiological ef- 
fects, the endotoxins derived from different 
bacterial species are quite similar. Animals 
injected with a particular endotoxin become 
resistant generally not only to the homolo- 
gous endotoxin but to serologically unrelated 
endotoxins derived from other bacterial spe- 
cies. Moreover, the resistance cannot be cor- 
related with specific antibody titer (3) and 
may be induced in agammaglobulinemic sub- 
jects (4). Thus, a classical antibody or anti- 
toxin response has not been invoked to ex- 
plain endotoxin resistance. The mechanism 
responsible for endotoxin resistance has been 
considered generally to be an accelerated non- 
specific phagocytosis of endotoxin by the 
reticuloendothelial system (RES) . This con- 
cept was based primarily upon the reversal 
of endotoxin resistance by blockade and other 

*This investigation was supported by a I?. S. 
Public Health Service grant from Nat. Inst. of Aller- 
gy and Infect. Dk. 

studies associating endotoxin resistance and 
the functional activity of the RES. 

Recent evidence has implicated also a hu- 
moral factor. Freedman reported that signi- 
ficant endotoxin resistance could be achieved 
by passive transfer of serum although he did 
not invoke a specific immunological mecha- 
nism to explain his results( 5 ) .  Greisman, 
Carozza and Hills showed further that plas- 
ma from resistant animals conferred signifi- 
cant resistance in recipient subjects prepared 
by RES blockade and postulated that an 
opsonin may be involved in endotoxin resist- 
ance( 6).  Lastly, Watson and Kim( 7 )  have 
demonstrated a notable degree of specificity 
in endotoxin resistance, in contrast to earlier 
work which indicated a lack of serological 
specificity. By means of extensive pyrogenic 
cross resistance tests they obtained results 
compatible with the presence of non-recipro- 
cal cross-reactive antigens in different endo- 
toxins. These findings and other ancillary 
evidence led these investigators to propose 
that endotoxin resistance was related to a 
classic immune response. 

The present study was undertaken to de- 
tect the postulated antibody involved in en- 
dotoxin resistance by a classical serological 


