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I t is more and more generally accepted (Beznák, Beznák, Gáspár- 
R ády 1941; B ackman, 1931) that the physiological and biochemical 
mechanism of growth is not the same in its whole course, but varies 
according to age. '

S a c h s  (1874) and Mi n o t  (1907) observed that the general property of the 
absolute growth velocity00 curve is: that it is divided into three periods. The 
growth velocity increases during the first period, maintains its highest level during 
the second, and decreases during the third. According to Backman these periods 
result from the different combinations of three processes: steady growth, acceler
ation, retardation. In trying to work out an equation for the growth of albino 
rats, Donaldson (1924) found that he got the measured and estimated values to 
tally only if he established two equations for the growth period; one for the 
10—80th day and one for the 80—365th day. Consequently, according to Donaldson, 
growth takes place in two periods (a faster and a slower).

One of the chief aims of our work was to examine experimentally 
— by measuring the food and water consumption during the whole 
growth period — whether the physiological and biochemical mechan
ism of growth changes during the different stages of life.

The effecjt of an indispensable nutritional factor has chiefly been

* Part of the results of this work was published at the meeting of the Hun
garian Physiological Society, May 22nd, 1941. (Beznák et al. 1941)

00 The absolute growth velocity means the percentual relation between the 
increase in growth during a given period and the initial-weight at the beginning 
of the same period.
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tested on young animals (by totally eliminating the factor in ques
tion). In reality nutrition differs from experimental conditions in 
these two points: firstly, whatever the mode of nutrition may be, it 
generally covers the whole life span; secondly, small disequilibria in 
nutrition take place rather than a total lack of a definite nutritional 
factor. Recently great quantities of vitamins B, and C have been 
taken, though their effect is known only through relatively short 
experimental periods.

Our experiments answer the question: What is the effect of 
prolonged and greatly over-dosed administration of a single nutri
tional factor (vitamin C) if the diet is otherwise balanced?

The symptoms of C-hyper-vitaminosis have been studied only in, the case of 
such organisms as are unable to synthetise vitamin C (man, guinea pig) and only 
the acute effect of relatively short experimental periods has been observed. R iet- 
s c h e l  (1939) and Centamini (1938) administered vitamin C to rats for longer periods 
but did not observe its effects.

Apart from observing the effects of the prolonged over-dose of 
vitamin C, we are also able to account to some extent for their phys
iological mechanisms and can partly determine which part of the 
vitamin C molecule is responsible for the effedt brought about. D- 
gluconic acid has many qualities in common with vitamin C (es
pecially tha t it is also a fairly strong water-soluble hexuronic acid) 
but it has no anti-scorbutic effect. The effects brought about by 
vitamin C only may be attributed to the anti-scorbutic redox-group 
of the molecule, whereas Ithe common effects are caused by the iden
tical qualities of the two compounds, especially their acidity.

METHODS.

Our work was done on male albino rats. The composition of their diet was 
the following: 25—25% wheat, rye and corn, 15% casein, 3.5% butter, 4% McCol
lum salt mixture, 1.3% cod liver oil. Our experimental animals were the off
spring of mothers) living on a complete diet. During the gestation and suckling 
period the mothers got the above experimental diet, which was also fed to the 
experimental animals straight, after the weaning.

All rats lived in individual cages which made refecation impossible. The 
food consumption was measured daily with an accuracy of +  0.1 g. The rats were 
supplied with measured quantities of tap water and of a 1% solution of NaCl, 
given to them In suitable vessels. The remaining fluids were measured each 
day with an accuracy of 1 ml. From time to time we changed the contents of 
the vessels and their places in the cage also (the salt where the water had 
been and vice versa). We tried thus to exclude the possibility of the rats being
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influenced by the shape of the vessels or their places, rather than seeking the 
composition of the fluid itself.

The rats were divided into three groups. The first one received each day 
through a stomach tube 20 mg ascorbic acid in 0.2 ml distilled water, the 
second 20 mg d-gluconic acid* in 0.2 ml distilled water, the third one only 0.2 
ml distilled water. Each group consisted of ten rats. The experimental period 
lasted from the 18th of March, 1941, to the 6th of November, 1941, that is, 
from the 48th day to the 256th day of the rats’ life. We did not notice any 
difference in the behaviour and condition of the three groups. Intercurrent death 
took place five times, twice in the ascorbic, once in the gluconic acid and twice 
in the normal control group.

The rats were weighed with an accuracy of +  1 g.
Our paper contains the following mathematical formulae: n =  the total

number of the members of the different groups. M =  mean value — S  x . M _
V  n

=  standard deviation, of individual data ina group.— ^-Xl -25; jUx-== standard devia-
n

tion of the arithmetical mean =  -----  -  ; k =  significance of difference between
V n

Mj — M,
the mean value of two groups =  Tr—5— ;— 2 ; correlation coefficient between twoV Mx, +  f*x2

values changing simultaneously =  r12 =  ; b,. x =  r„ , =  ^  regression
n . o'* . @2

coefficient (the magnitude of change of one value corresponding to unit change 
cf the other.)

EXPERIMENTAL RESULTS AND THEIR DISCUSSION.

a) The growth curve.
F i g u r e 1. shows the mean values of our growth curves as well 

as those of D ona ldson  (1924.) which we transcribed for the sake of 
comparison.

As is seen from the F i g u r e ,  the final mean body weight of the 
animals receiving ascorbic or gluconic acid is 11.5% higher than that 
of the normal animals. The mean values of our normal animals are 
almost identical with those given by the D o n a ld so n  curve.

The growth velocity curves (Sachs, 1874) of the three groups 
are also represented in F i g u r  e 1. th a t is, it shows the percentual’ 
correlation between the gain in weight during a 10 days' period and 
the weight at the beginning of the same period. As F i g u r e  1 shows, 
the growth velocity curves of the three groups are almost identical.

* P art of the gluconic acid was furnished by Professor Géza Zemplén, for 
whose kindness we are glad to express our thanks,



Our experiments do not cover the beginning of the growth curves. 
The extrauterine growth (growth velocity according to Sachs) of the 
albino ra t takes place in three phases: 1.) The quickening of the 
growth velocity from, the 10th day (12 g) to the 30th (28 g). 2.) The 
attainment of a peak during the 30th to 40th day (28—38 g of body 
weight). 3.) The slowing down of the growth velocity from the 35 — 
40th day to the 160th day (240 g). To (these could be added as a fourth 
period the phase of steady body weight until the decline of old age.

To decide the question whether ascorbic or gluconic acid had any 
influence on body weight, we calculated in 10 days' intervals the mean
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F igu re  1. a) T he cu rves of body w eig h t: tim e  of n o rm a l ^ ----------- f\  , of ascorbic,
re sp ec tiv e ly  g lucon ic -ac id  fed  q --------- o  > and  of n o rm a l (Donaldson)

• -------- .  ra ts , x -a x is  =  days of r a t s ’ life ; y -a x is  =  body w e ig h t in  gs
b) T he ab so lu te  ve locity  of g ro w th  of n o rm a l ^ ----------- / \ , of ascorbic,
re sp ec tiv e ly  g lucon ic-ac id  fed  Q -------Q ,  of n o rm a l (Donaldson) X ------X

ra ts , x -a x is  =  days of r a t s ’ life ; y -a x is  — velocity  of g row th .
c) T he  d iffe ren ce  be tw een  th e  av e rag es of body w eigh ts  of n o rm al and
of ac id -fed  ra ts  as p e rcen tag es of th e  n o rm a l b. w . □ ----------- □  X -ax is

d ay s of r a t s 1 life ; y -a x is  =  1% d iffe ren ce  =  5 m m .
d) T he  long  v e r tic a l lines in d ica te  lh e  lim its  of th e  phases of growth 
accord ing  to  Sachs, re sp ec tiv e ly  accord ing  to  o u r ex perim en ts .

I
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body weights of the three groups and their significant differences. 
F i g u r e  1. shows these differences in per cent. According to these 
calculations the mean body weights of the groups receiving acid was 
only 3.5% higher than that of the normal groups till the 70th day 
(k =  0.7—1.1. After this 'the difference becomes suddenly greater 
(9—-11.5%) and remains on this level till the end of the experiment.

The third period of the growth curve as devised by S ach s  should 
— according to our experiments — be divided in two: in the first 
the decrease of the growth velocity takes place quickly, in the second 
more slowly. The first period extends in our case to the 70th day, 
in that of D ona ld so n  to the 80th day. We might call the first period 
the 3a phase and the second the 3b phase. As was mentioned intro- 
ductorily D o n a ld so n  expresses growth of rats with two equations, the 
first covering growth in the first 80 days, and the second, growth 
from 'the 80th day onwards. Accordingly, D o n a ld so n ' s first period 
includes S a c h ' s first, second and our 3a phase, his second period our 
3b and 4th phase.

The fact that there was no difference in the mean values of body 
weights in normal and acid-receiving groups till the 70th day, when 
there appeared suddenly a difference of 9%, which increased grad
ually to 11.5%, admits of two explanations. It is possible that at this 
juncture some change in the metabolism of' growing rats takes place, 
in consequence of which some rats attain a greater body weight. The 
other possiblity is [that the difference is caused by the acid adminis
tration. In the first instance the greater mean body weight of the 
groups receiving acid must be attributed to haphazard group forma
tion. The significant difference of the mean body weight values is 
only 2, so tha t we cannot exclude with an absolute certainty the 
possibility of haphazard group formation. Still, if we take into consid
eration a) that the two acid-receiving groups grew suddenly and 
simultaneously, from the same time onwards, better than the normal 
group and b) that, in spite of the fact that the body weight of the 
gluconic acid-receiving groups was the smallest in the beginning, yet 
they grew better than normal and better even than the ascorbic acid 
animals, we must consider it more likely that the difference in weight 
was caused by the acid administration and not by haphazard group 
formation. Again, the acid-adminMration might cause better growth 
just from that point onwards in two ways: a) either the acid must 
be given during several weeks to develop its influence, or b) the 
changed metabolism reacts differently to acids. The circumstance that
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growth of normal rats slows down considerably from thaJt point, 
argues in favour of the second hypothesis.

Thus C hyper-vitaminosis has no specific influence on growth, 
and the small effect observed is the same in the case of another non 
anti-scorbutic hexuronic acid. Contrary to this, B, hyper-vitaminosis 
on a S herm an  C hase  515 complete diet has a definite, sltrong influence 
on growth, so that the B, hyper-vitaminotic animals grew to 450 g, 
25% more than the final weight of our biggest rats (360g) (W a ter 
m an  and A mmerm an  1938).

b) The food, water, and 1% salt-solution consumption.
Growth consists of retaining in the body some elements of the 

food and water consumed. The next question to be considered there
fore is the following: What is the connection during the  different 
phases of growth between the velocity of growth and the quantity 
of food, salt and water consumed. Though the greater part of the 
body is composed of salt solution, attention in the past was mainly 
directed towards food consumption rather than water or salt solution 
consumption.

As regards the relation between growth and food consumption, 
R ubner ' s law of continuous energy-loss (1908) and the L usk-W ilson  
rule (1902) were generally accepted. According to the first, the energy 
quantity (for which the quantity of food consumed may be substi
tuted) needed for the new-born to double its weight is the same wheth
er it grows slowly or quickly. In other words, the plus body weight 
during growth is always the same percentage of the food consumed 
— independent of growth's being a slow or a quick process. The L usk- 
W ilso n  rule is substantially the same as R ubner ' s  law — though it is 
more accurate: „Animals of the same breed and age retain a definite 
and constant quantity of food consumed during the normal develop
ment of the young” (1. c.). According to) these two rules, bigger and 
faster growing animals do not accomplish this (faster and greater 
growth) by greater retention but by eating more.

Our experiments are capable of controlling these two rules with 
the aid of probablity calculation. F i g u r e  2 shows the food con
sumption. The mean consumption counted per 10 days and per animal 
increa;ses rapidly during the first 90 days, then after a slight elevation 
remains on a constant level. Accordingly, the food consumption shows 
a slight elevation parallel with the relatively quicker growth during 
the 3a period. During the 3b period food consumption hardly changes, 
though growth still continues. During .the 4th period of the growth
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curve, when body weight is constant, food! consumption diminishes. 
It is seen from this F i g u r e  that the food consumption of the animals 
receiving either ascorbic or gluconic acid is practically the same, 
during 'the whole growth curve, as that of the normal group. There
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is nowhere a significant difference in the food consumption of the 
animals belonging to different groups.

That R u b n er ' s rule is not valid for all parts of the growth curve 
can be shown by simple calculation. During the 3a period of growth,



that is from the 48th to the 68th day, the animals grow from 55 to 
115 gs; in other words, they somewhat more than double their weight. 
During that time they consume 260 gs. of food. Therefore, to produce 
1 kg. of growth, 4270 gs. of food are needed; that is, the 61 gs. of 
plus body weight represents 23% of the food consumed. In R ubner ' s 
own experiment this was 36 %. However, during the 3b and the fol
lowing 4th period of growth, that is, from the 68th to the 208th day, 
the animals grow from 140 gs. to 269 gs. (that is, 129 gs, almost 
doubling their weight) and consume during that time 2260 gs. of 
food. For 1 kg. of plus body weight the food consumption is 17,520 
gs, so that growth represents only 5.8% of the food consumed. The 
R ubner  rule can therefore not be valid for the whole length of the 
growth period, but (if it is valid at all) only for a small part of it, 
that is, the 3a sub-division.

As growth continues, food consumption remaining the same, it is 
evident tha t food consumption per unit weight and unit time, must 
diminish. The part of food consumption utilised by growth during the 
different periods is shown in F i g u r e 3. It is apparent from this Figure 
that growth has to be divided here too, into two parts .During the 
first (till the end of the 3a period) the part utilised by growth, counted 
per kg and day from the food consumed, per kg and day, diminishes 
quickly, during the second (in the 3b and 4th period) slowly.

Whether the L usk-W ilson  rule is valid or not, can also be deter
mined by our experiments. If the food consumed is built up in the body 
at the same rate by quickly and by slowly growing animals, then there 
should be no correlation coefficient between [the growth in gs during 
identical periods and the precentual relation between growth and food 
consumption (the latter is called efficiency of growth). In our 30 
animals the growth from the 48th to the 60th day was 65 gs (Ju =  ± 
11.7) and growth as percentage of the food consumption was 25% 
% =  ± 3.3). In W il so n ' s experiment this was 18—19%. The correlation 
coefficient (r) betwefen the two groups of data is 0.9, ± 0.034, almost 
the maximum. (The same is obtained by using for calculation only the 
third group). Therefore W ilso n s '  rule is not valid even during the 3a 
period of growth. From this agaim it follows that the R ubner  rule can
not be valid either. The faster growing animals grow faster also because 
they build up in their bodies a greater part of the consumed food than do 
thej more slowly growing ones. If a ra t grows more quickly by one g 
each 20 days that means a corresponding greater retention of 25% of 
the food consumed. The contradiction between R u bner , W ilso n  and our
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results is probably caused by the circumstance that they experimented 
on small numbers of animals and only for a short time. (For example, 
Wilson observed 5 pigs from the same litter for 14—16 days.)

As is seen from F i g u r  e 2, the increase in food consumption stops 
sooner than the increase in body weight. During the period in which 
food consumption remains unchanged growth can evidently' only be

Figure 3. Increase of body weight/kg-day normal •------- •, acid-fed . . . .  rats.
Food consumption/kg-day normal q------- o ,  acid-fed 0 — — Q  rats. 1%
salt solution consumption kg-day normal □ -------□ , acid-fed -------- Grats.
Water consumption/kg-day normal 33--------£(, acid-fed v j ____  -q ' rats.
Short vertical arrows show the standard deviation of the average, 
x-axis upper line =  days of experiment; lower line - days of rats life.

caused by a greater growth efficiency. In attaining a higher final body 
weight a third circumstance may also play a role: that is, the point 
on the growth curve from which the increase in food consumption



stops. If this point is reached earlier by faster growing animals (pos
sessing greater efficiency of growth), then the quantity of food the 
animal is capable of building up in his body plays a more important 
role even during the 3a period than the increase in food consumption, 
in the attainment of the final body weight. This can also be determined 
by employing correlation calculation. The value of r between the effici
ency of growth and the length of the period of increased food consump
tion is 0.51 ± 0.05. That means (that,admitting great individual varia
bility, the period of increase in food consumption is shorter in the 
faster growing animals possessing greater efficiency of growth. This 
shows the great significance of growth efficiency. The sooner the grow
ing animal attains the period of constant food consumption, the sooner 
begins, and the longer will be the period during which it grows only 
because it retains and builds up in its body a greater percentage of 
the food consumed.

Though from our experiments it seems indubitably proved that the 
retention of a greater percentage of the food consumed plays an impor
tant role in the efficiency of growth, it is nonetheless possible that 
greater food consumption also may be important. H o pk in s  (1912) pub
lished results showing that those groups of rats |that ate more per unit 
weight grew better. Nevertheless these better-growing rats used up, 
according to our experiments, a greater percentage of the food consumed 
for growth. To decide this question we calculated the correlation coef
ficient between velocity of growth and the  amount of food consumed. 
The correlation coefficient (r) was found to be 0.55, = ± 0 .1 3 ;  that 
is, there is a certain 'tendency in the faster growing animals to eat 
more, but the correlation between velocity of growth and amount of 
food consumed is not so close as between velocity of growth and 
efficiency of growth. This latter is, therefore, the more important 
factor in determining the velocity of growth. Our conclusion is in 
agreement with that of P alm er  and K ennedy  1930, who with different 
experiments caime ito the conclusion, that „Individual variation in 
efficiency quotient, is a major, if not the controlling cause of indi
vidual variation in gain in weight of animals on the same diet.”

Animals receiving acid attain an 11.5% higher body weight (than 
the normal ones. How does this difference in body weight originate? 
One possibility is tha t hexuronic acids increase the efficiency of growth; 
the second, that, not influencing efficiency of growth, they increase 
the food consumption; the third, that, having no influence on either, 
they increase water retention. T a b l e  1. shows the results calculated

Gluconic acids on growth, food, water and salt Solution, consumption 303
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from all the four periods of growth. According to this, the animals 
that receive acid (and grow 11.5% more) consume 5% less than normal 
ones to build up the same body weight. Therefore the increase of 
growth in dry weight is occasioned in some rats by the fact that acid 
increases efficiency of growth. As the value of k is low —• 1.6 — in 
other animals this mechanism does not work. In these the food consump
tion has to increase, leaving efficiency of growth unchanged. The fact 
that there is a tendency — also with a low value of k — in the acid-

TABLE I.

Food consumed in g. -s. necessary to build up 1000 g, -s of living weight, 
calculated from all the data obtained during the 3a, 3b and 4-th phases of growth

.T r e a t m e n t No. Mean value p

Ascorbic acid 9 Ma. = 7599
Gluconic acid 10 Ms. = 8818
Ascorbic ~  gluconic

acid 19 Ma. g = 8709 + 185 42
Normal 10 M». = 8016 +  711 225

Differences j g °/o k

M — V g. Mn. j—36S —4.5 1.6

receiving (bigger) animals to eat more (see F i g u r e 2.) is in ac
cordance with this hypothesis.

Our results regarding the consumption of l°/0 salt-solution and 
of water, are also shown in F i g u r  e 2. From these results the following 
conclusions can be drawn: the rats on this diet seek salt-solution and 
drink only small amounts of water. During the experimental period there 
were some days when they drank no water at all, but they always 
consumed, though in changing quantity, the salt-solution. The dther 
important difference we observed in their consumption of salt-solution 
and of water is tha t water consumption is almost constant, independent 
of the growth of the rat. Whereas Ithe ra t quadruples its weight from 
the 48th to the 120th day, its water consumption is almost constant, 
independent of the growth of the) 'rat. Contrary to this, salt-solution 
consumption runs somewhat parallel to the growth curve. From the 48th 
to the 60—70th day, during the 3a period, salt-solution consumption
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increases with growth; from Ithere on it remains constant to the 150th 
day, although body weight is doubled during that time. After this sad- 
solution consumption attains a higher level, although growth has 
stopped.

The effedt of acid administration on salt-solution and water con
sumption is to be seen in F i g u r e 2. Acid administration has no effect 
on waiter consumption during the 3a and 3b period, but after the com
pletion of growth, during the 4th period (constarit body weight of 240— 
250 gs) the water consumption of acid-receiving animals increases by 
50%. The acid-receiving animals consume salt solution at a greater rate 
during the 3a period than the normal animals do. During the 3b period 
salt-solution consumption is constant although growth continues. During 
this period there is no difference in salt-solution consumption between 
acid-receiving and normal groups. The increase in salt solution consump
tion after the 3b period is greater in normal than in acid-receiving 
animals. Salt consumption apparently remains on this higher level during 
the whole fourth period.

As the mass of the body is water for the most part, growth can be 
interpreted, as the building up of such molecules as are capable of more 
and more water retention. The answer to the question whether the 11.5% 
higher body weight is caused by greater fluid retention or greater fluid 
consumption, is given in T a b l e  II. From this it is apparent that to 
build up 1 kg living weight, acid-receiving animals take up 15% more 
fluid than normal ones; that is, influenced by acids, the animals retain 
less fluid. As water consumption is almost the same in all groups, the dif
ference refers primarily to salt consumption.

T a b 1 e II. shows these results during all four periods of growth. To 
form a picture of the influence of acids during each period we calculated 
on 6 day averages the salt-solution consumption per day and per kg 
body weight. Acid-receiving animals have consumed at the end of the 
3a period 33% more (k == 2), at the beginning of the 3b period 42% 
more (k =2.3), at the end of the 3b period 12% more (k =  1.1) and at 
the beginning of the 4th period 3% more (k =  0.2) salt-solution than 
normal ones. Taking into account the results of the food consumption, 
we come to the conclusion that ithe higher final body weight is caused 
during the 3a period by greater salt-solution consumption and unchanged 
retention, and during the later periods by greater salt-solution retention.

There are some observations which indicate that there is a greater 
need of salt in organisms with suprarenal insufficiency. R ichter (1938, 
1939). We calculated, therefore, the correlation coefficient between the
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weight of the suprarenals and the average daily salt consumption and 
found r  =  ± 0.185 ± 0.13 This means that among the animals with 
large suprarenals there are some which drink less salt than others with 
small suprarenals, but that this tendency is influenced by many different 
circumstances.

I t is well known that the decreased functioning of the suprarenal 
cortex is accompanied by cessation of growth, and in adult rats by the 
diminishing of the resti|tutional metabolism. We calculated, therefore, 
the correlation coefficient between the suprarenal weight and the effi
ciency of growth in individual rats and found r =  0.7 ± 0.01. This 
value is rather high and it means tha); 0.28% increase in the efficiency
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TABLE II.

Fluid intake (1% salt solution +  water) in g-s, necessary to build up 1000 g-s of 
living weight, calculated from all the data obtained during the 3a, 3b and

4-th phases of growth

T r e a t m e n t No. Mean value p

Ascorbic acid
Gluconic acid
Ascorbic ~  gluconic 

acid
Normal

9
19

19
10

Ma 8600
8818

Ma g ■ 8709 + 1852
7521 + 1478

Differences g- g o/o k

M — Ma. g. n. +  1188 °/ol5 1.9

426
468

of growth corresponds to 1 mg of suprarenal plus, or 1.7 mg greater 
suprarenal corresponds to 1% increase in the efficiency of growth. The 
biochemical mechanism of this definite correlation may be the following: 
1.). Either the greater suprarenal corresponds to greater hormone 
secretion and tha t to greater efficiency in growth, or 2.) as we 
know from D o n a l d so n 's  observations that suprarenal weight varies 
according to the body] weight, this rule may also hold good for the 
suprarenal) as part of the body (that is it attains greater growth by 
greater efficiency). The first mechanism is the more probable, as the 
correlation coefficient between the body weight and efficiency is 0.9, 
whereas between the efficiency of growth and suprarenal weight only
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0.7. The fact that growth is caused by greater retention is more evident 
in the case of the body and its tissues (connective tissue, muscle) than 
in the suprarenal. Moreover, if the suprarenal is affected by illness 
growth stops; th a t is, the efficiency of restitution diminishes.

SUMMARY.

1. A comparison of the alteration in the growth curve caused by 
administration of hexuronic acids with the curve showing food, salt- 
solution and water consumption supports the hypothesis that the 
physiological, and cell biochemical mechanism of growth in mammals 
changes in the different phases of growth . In the growth curves of the 
mammals one can differentiate at least five such phases.

2. Neither the R ubner nor the L l:sk-W ilson rule is valid for the 
velocity of growth. The velocity of growth depends chiefly on the direct 
correlation between velocity and efficiency of growth and the indirect 
relation between the length of the period of increased food consumption 
and the efficiency of growth.

3. Among the animal's with large suprarenals. there are more that 
drink less salt solution than among those with small suprarenals. There 
is a strong positive correlation between the size of the suprarenal 
and the efficiency of growth. The variations in consumption of salt- 
solution and of water bear no relation to one another.

4. The body weight of those rats which receive from their 48th to 
their 250th day, a daily dose of roughly 200 mg/kg 1-ascorbic or d- 
gluconic acid, is 11.5% greater than that of normal rats. Statistical 
calculations and the careful weighing of the experimental elements make 
it likely that the difference is caused by the administration of the acids. 
Besides stimulating growth, ascorbic and gluconiö acids act in identical 
ways on 'the consumption of food, salt-solution and water. These effects, 
therefore, are not due to the anti-scorbutic radical of the ascorbic acid 
but probably to the acid group present in bath acids.

Grateful acknowledgment is made to Mrs. J. Thompson Vass for 
help in the English translation.
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