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Whenever the reaction between a substance A and the substance B brings
about the reaction between the substance C and the substance B, then the
first reaction is said to induce the second reaction. In the absence of A from
the reaction system, the substance B does not interact with the substance C
under the conditions in which A interacts with B. But, when all the three
substances, A, B and C are brought together, A and B react and this reaction
provokes or induces the reaction between B and C. This phenomenon is
called chemical induction. The reaction between A and B which occurs
unaided is called the primary change and the reaction between B and C which
does not oceur in the absence of A is called the secondary change. An example
will make this clear. Sodium sulphite (A) in dilute aqueous solution under-
goes ready oxidation by interaction with atmospheric oxygen (B), while
sodium arsenite (C) does not undergo reaction with oxygen under the same
conditions. According to the customary nomenclature, the substance A
which induces the chemical change is known as the ‘inductor’, and the sub-
stance B which takes part in both the changes is called the ‘acceptor’.

A Jarge number of reactions have been studied with sodium sulphite as
inductor by various investigators. Only one reaction has so far been reported,
where sodium sulphite acts as the acceptor. Gordon (J. Phys. Chem., 1913,
17, 47) and W. D. Bancroft (J. Phys. Chem., 1929, 33, 1188) suggested that
the process of photographic development involves chemical induction. Verma,
and Dhar (J. Phys. Chem., 1931, 34, 1770) and Pandalai and Gopala Rao
(Z. anorg. Chem., 1933, 215, 23) showed that in this reaction sodium sulphite
acts as the acceptor. The primary reaction between the organic reducer
(such as hydroquinone, pyrogallol, p-amino-phenol, etc.) and the silver halide
induces the secondary reaction, namely the reduction of silver halide by sodium
sulphite. Pandalai and Gopala Rao have also been able to elucidate the
mechanism of this induced reaction. Recently, Gopala Rao and Subba Rao
(Current Science, 1941, 10, 24) have discovered another example where sodium
sulphite acts as an acceptor. They have found that the reduction of silver
chloride by ascorbic acid induces the reaction between silver chloride and sodium
sulphite.

In the examples of chemical induction referred to in the preceding para-
graphs, we were concerned with two reducing agents and one oxidizing agent ;
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one of the reducing agents acts as the inductor while the other reducing agent
acts as the acceptor. The oxidizing agent is shared between the two. There
is another type of chemical induction discovered by Dhar (J. Chem. Soc.,
1917, 111, 690) in which we have to deal with two oxidizing agents and one
reducing agent. When an aqueous solution of mercuric chloride is boiled with
oxalic acid, there is no reduction of the mercuric chloride to the mercurous
state. But if we add a small quantity of a dilute (N/10) solution of potassium
permanganate, there appears a copious formation of mercurous chloride. Dhar
has shown this phenomenon to be of quite common occurrence. The primary
change between the oxalic acid and the permanganate induces the reaction
between the oxalic acid and the mercuric chloride. The phenomenon of
chemical induction is of great importance. Dhar and collaborators (Dhar,
Presidential Address, Eleventh Annual General Meeting of the Indian Chemical
Soctety, Jan. 4, 1935, Calcutta) have in a large number of publications elaborated
the idea that biological oxidation processes involve chemical induction. They
have demonstrated that various substances like glucose, fructose, cane sugar,
tartrate, citrate, etc., which are not directly oxidized by atmospheric oxygen
at ordinary temperatures, can be oxidized by passing air through aqueous
solutions of these substances in the presence of sodium sulphite, or freshly
precipitated ferrous, cerous, manganous or other hydroxides, all of which
undergo oxidation readily. The results of Dhar, that (1) all sugars are readily
oxidized to carbon dioxide and water by air in the presence of cerous hydroxide,
and that (2) the cerous hydroxide employed acts as a simple inductor, have
been confirmed by Ghosh and Rakshit (J. Ind. Chem. Scc., 1935, 12, 358)
using the refined manometric technique of Warburg. Ghosh and Rakshit
also made the important observation that amino-acids retard the oxidation
of sugars. This lends support to the theory of Dhar that proteins act as nega-
tive catalysts in the oxidation of carbohydrates and vice versa in the animal
body.

There exist in the animal and plant tissues autoxidizable substances like
glutathione, insulin, ascorbic acid, carotene, lactoflavine, cytochrome, etc.
It is probable that these substances act as inductors for the oxidation of the
metabolites, in the same way as sodium sulphite, cerous hydroxide, etc. It
was, therefore, thought desirable to study a large number of induced reactions
with inductors of biochemical significance. The study of such reactions and
their mechanisms will help us in unravelling the mystery of life.

It is with this aim that the present investigation with ascorbic acid was
undertaken. Ever since the isolation in the pure state of ascorbic acid by
Szent Gyorgyi and the elucidation of its constitution and synthesis by W. N.
Haworth and co-workers, it has been a compound of much absorbing interest
to chemists and biochemists, The constitution of ascorbic acid as given in

I) is now generally accepted as correct.
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The hydroxy groups attached to the doubly linked carbon atoms have the
remarkable property that they are both capable of easy dehydrogenation
(oxidation) and stepwise dissociation into H+ ions. Ascorbic acid is capable
of reversible oxidation and reduction according to the equation.
o
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CH,O0H.CH.OH.C—C—-C—-C =0
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Ascorbic acid thus easily passes into dehydroascorbic acid IIT by losing two
hydrogen atoms; and the reaction can be easily reversed. We conceived the
idea that this property of ascorbic acid will make it an excellent inductor for
several reactions, including those of biochemical interest.

We found that ascorbic acid works as an excellent inductor for the reduc-
tion of silver chloride by sodium sulphite. Under the conditions of our ex-
periments sodium sulphite does not reduce silver chloride, while ascorbic
acid does so readily. But when ascorbic acid and sodium sulphite are present
together, a given amount of ascorbic acid produces a much larger reduction
of the silver halide than when it is alone. The results of this investigation
are presented in detail in this paper.

EXPERIMENTAL.

The ascorbic acid employed in the present investigation was the synthetic
product supplied by the British Drug Houses, Ltd. The other chemicals such
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as sodium sulphite, silver nitrate, potassium chloride, etc., were of Merck’s
A.R. quality.

The experiments were conducted in brown bottles and silver chloride
was formed én situ by adding to each bottle 10 ml. of 0-1N silver nitrate and
10 ml. of 0-1N¥ potassium chloride solution. The requisite volumes of sodium
sulphite solution and ascorbic acid solution were then added, followed by
enough distilled water to make up the total volume to 50 ml. After three to
three and a half hours, the contents of each bottle were poured through a filter
(Whatman No. 42, for fine precipitates). The residue on the filter was carefully
washed until free from the soluble salts. The funnel with the filter is then
put over a 250 ml. volumetric flask and the residue on the filter treated with
1:1 dilute analytical nitric acid. The corresponding brown bottle was also
treated similarly and the liquid poured on the same filter. The treatment was
repeated three times to ensure complete solution of any metallic silver formed
by reduction. Tt is well known that silver chloride does not dissolve in 1:1
nitric acid. The filtrate in the 250 ml. flask was made up to the mark and the
amount of silver in an aliquot portion estimated volumetrically by titration
with standard potassium thiocyanate solution, using ferric alum as the
indicator.

In the following table are recorded the results on the influence of time on
the reduction of silver chloride by ascorbic acid.

TasLe 1.

5 ml. of ascorbic acid (5 mgms.).

: Amount of Ag
Time. tAmoun; of AgClAn obtained by
erms o1 mgms. Ag. | reduction, in mgms.
1 hour 1079 1-13
2 hours 107-9 2:05
3 hours 107-9 2-26
4 hours 107-9 2:26

It will be seen from the above table that the reaction is complete in three to
four hours. Experiments have been made to see if sodium sulphite alone can
reduce silver chloride with negative results. Even by microchemical qualitative
tests we could not demonstrate any reduction of silver chloride by sodium
sulphite. The results in the following table show that in the presence of
sodium sulphite a given amount of ascorbic acid produces a much larger reduc-
tion of the silver halide than when it is alone.
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Tasre II.
Experiment. Amount of AgCl Amount of Ag
Time 3} hrs. in terms obtained by
Total volume 50 ml. of mgms. Ag. reduction in mgms.
10 ml. of Na,S03 (0-025 Molar) 107-9 Nil.
5 mgms. of ascorbic acid 107-9 2-28
5 mgms. of ascorbic aecid
+10 ml. of Na,S0; (0-025
Molar) 107-9 9-04

The results indicate that ascorbic acid induces the reduction of silver chloride
by sodium sulphite. The primary reaction between silver chloride and the
organic reducer ascorbic acid provokes the secondary reaction between sodium
sulphite and the silver chloride. Hence ascorbic acid is the inductor, sodium
sulphite is the acceptor and silver chloride is the actor, according to the nomen-
clature mentioned in the introduction.

If we now vary the concentration of the acceptor, keeping the concentra-
tion of the inductor constant we find that the rate of reduction of silver chloride
increases. This is shown by the results in the following table.

TasLe IIT.

5 mgms. of ascorbic acid. Time of experiment 3} hours.

Volume of Nay,S04 Amount of AgCl Amount of Ag
golution, in terms of obtained by
(0-025 Molar). mgms. Ag. reduction in mgms.
0 107-9 2-88
5 ml. 107-9 -6-26
10 ml. 107-9 9-04
15 ml. 107-9 9-71

If we keep the concentration of the acceptor (Na;SQg) constant and vary the
concentration of the inductor (ascorbic acid) then also the rate of reduction
of silver chloride is increased, as shown by the results in the following table.
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TasLe IV.
Total Volume 50 ml. Concentration of Sodium sulphate 0-05 Molar.

Amount of Ag
Amount of ascorbic acid. tAmount of AgCl in obtained by
erms of mgms. Ag. | reduction in mgms,
(3 hrs.)
5 mgms. 107-9 7-08
10 mgms. 107-9 12-13
15 mgms. 1079 17-00

InFLUENCE OF pH.

In the following experiments 2 ml. of N/2 silver nitrate solution and 2 ml.
of N/2 potassium chloride solution were added to each brown bottle, then
40 m]l. of the requisite buffer solution followed by 1 ml. of ascorbic acid solution
(containing 5 milligrams per ml.) and enough water (5 ml.) to bring the total
volume to 50 ml. The bottles were kept in the thermostat for three hours with
occasional shaking. At the end of three hours the contents of each bottle
were analysed according to the method already described for determining the
amount of silver formed by reduction.

In another series of experiments the reaction was allowed to proceed in
the presence of sodium sulphite. The bottles were set up exactly as described
above, but with the addition of 5 ml. of N/10 sodium sulphite solution in place
of 5 ml. of water.

TasBLE V.
Influence of pH.

j Milligrams of silver formed by reduction.
pH '

‘ With ascorbic acid alone. With ascorbic acid +sodium
‘ sulphite,

4-047 ! 2:23 2-83

7-0 [ 3-53 564

8-0 { 398 6-22

From these results it is evident that as the pH is increased (as the reaction
of the solution is made increasingly alkaline) the reduction of silver salt by
ascorbic acid is facilitated.- Even in the alkaline solutions there is greater
reduction in the presence of sodium sulphite than in its absence. The influence
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of sodium sulphite in increasing the amount of silver formed by reduction is
thus due to a true induced reaction and not merely due to its capacity to raise
the pH of the solution slightly.

Discussion oF REsuLts.

From our results it will be seen that silver chloride can be reduced to
metallic silver by ascorbic acid. In this property ascorbic acid resembles
hydroquinone, pyrogallol, p-amino-phenol, etc. The reduction is greater in
alkaline than in acid pH. If we represent the organic redncing agent as AH,,
the reduction of silver chloride can be represented as

- AH, 4+-2AgCl —— A4-2Ag+2HCI

It is more rational to express oxidation-reduction processes in terms of
transference of electrons. Ascorbic acid undergoes reversible dissociation.

AH, = AS© 42"
ASO L 20" 5 2Ag4+A

The silver ions take up electrons from the anion of the reducing agent and are
reduced to metallic silver.

Ascorbic acid can be regarded as a dibasic acid undergoing reversible
dissociation represented by the following equation :—

Y o WO

CH,OH.CHOHC—C=C—C=0

H o On

1
— 00—

CH,0H.CHOH.C—C—C—C = O
Lo
H- 090© +2H*
or simply
AH, = A®O o+

This ionization will be favoured by an alkaline pH, for then the H™
ions combine with the OH- ions to form undissociated water. We have a
higher concentration of the anion of the organic reducer in alkaline than in
acid pH. Hence the following reaction resulting in the reduction of ionic

Ag™ to metallic silver occurs more readily in alkaline than in an acid pH.

ASO LoAgt L A42Ag
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Our results show that the amount of silver obtained in the presence of
sodium sulphite is much greater than in its absence. We may conclude
in the customary nomenclature that the reduction of silver halide by ascorbic
acid induces the reaction between silver halide and sodium sulphite which
normally does not occur. To investigate the mechanism of this induced
reaction, we have made experiments to study the influence of dehydroascorbic
acid on silver halide. We have found that while dehydroascorbic acid is
unable to reduce silver halide by itself, it can do so when sodium sulphite is
also present. These results suggest the following reaction :—

A + Na,80; + H,O0 —> AH,  + Na,S0,
Dehydroascorbic Ascorbic
acid acid

Ascorbic acid by itself can reduce silver halide to metallic silver, becoming
itself oxidized to dehydroascorbic acid.

A +Na2803 +H20 — AHz +Na2804
Dehydroa_.gcorbic
acl

The sodium sulphite regenerates the ascorbic acid from the dehydroascorbic
acid. Thus in the presence of sodium sulphite a given amount of ascorbic
acid produces greater reduction than in the absence of sodium sulphite.

The dehydroascorbic acid used in our work was prepared by the catalytic
oxidation of ascorbic acid in the presence of dilute acetic acid with Norit
charcoal as the catalyst.

Perhaps our view explains the results of B.I. Tanovskaya (Voprosus
Pitansya, 1935, 4, 51) who found that the process of sulfitizing black currant
juice for storage seemed to preserve the vitamin C activity, which was lost
in the untreated, stored juice. 8. N. Matzko (ibid., p. 59) found that the
expressed juice from cooked, dried, white cabbage, which had been sulfitized
for storage protected guinea-pigs from scurvy.

Ascorbic acid is easily oxidized by atmospheric oxygen in vitro. Yet the
vitamin occurs in its reduced form in the plant and animal tissues, a fact
which is attributed to the presence of stabilizing substances which reduce the
auto-oxidation to the minimum. To the authors it seems that it is more
rational to assume the presence in living tissues of reducing mechanisms
through which the oxidized form of ascorbic acid, the dehydroascorbic acid, is
converted by reduction to ascorbic acid. F. G. Hopkins and E. J. Morgan
(Biochem. J., 1936, 30, 1446) and H. Borsook and C. E. P. Jeffreys (Science,
1936, 83, 397) find that glutathione can reduce dehydroascorbic acid,
Hopkins and Morgan believe that the reduction of dehydroascorbic acid to
ascorbic acid is catalyzed by the enzyme, ascorbic acid oxidase. According
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to Borsook and Jeffreys the reduction of dehydroascorbic acid by glutathione
can be rapidly effected by glutathione, when it is present in concentrations
of 100-200 mg. per cent. The failure of previous workers to find any
significant amount of reduction is attributed by Borsook and Jeffreys to their
having worked at a low pH and without sufficient excess of glutathione.
Z. 1. Kertesz (Biochem. J., 1938, 32, 621) found that the rate of reduction of
dehydroascorbic acid by glutathione at pH 7-4 was slower than the rate of
oxidation of ascorbic acid. Contrary to the findings of Hopkins and Morgan
he did not observe any catalytic effect of ascorbic acid oxidase (from cucumber
and cauliflower juice), on the rate of reduction. He observed that glutathione
does not inhibit the oxidation of ascorbic acid at pH 6-0, while it does so at
pH 7-4.

Jorissen (Chem. Weekblad., 1931, 28, 337) stated that the induced oxidation
of lactic acid by air can be effected by using sodium sulphite as inductor.
Jorissen and Belifante (Rec. tra. Chim., 1936, 55, 374) found that in dilute
buffered solutions at 30°, the oxidation of lactic acid is induced by the slow
auto-oxidation of glucuronic acid or ascorbic acid. They also found that
ascorbic aeid induces the oxidation of arsenite. In each case, the amounts of
oxygen taken up by the inductor and acceptor are nearly the same. They
believe that their results are of significance in the treatment of cancer. The
ingestion of ascorbic acid may facilitate the oxidation of lactic acid in tumours,
thus keeping the tumour from developing.

P. Holtz (Naturwissenschaften, 1937, 24, 14) found that on passing air or
oxygen through 10 ml. of an aqueous solution of 200 mg. of histidine and
50 mg. of ascorbic acid in neutral reaction and at body temperature, the
resulting deep brown solution exhibited the physioclogical effect (blood
pressure drop) of ly histamine per ml. The author suggests that in the
presence of ascorbic acid, histamine is formed from histidine by decarboxylation
as well as deamination. We are inclined to believe that this is a case of
induced reaction.

Holtz (Arch. expil. Path. Pharmakol, 1936, 182, 98) also found that ascorbic
acid strongly accelerates the auto-oxidation of linseed oil. It may also be of
interest to note here that Lemberg, Cortis-Jones and Norrie (Biochem. J.,
1938, 32, 149) have shown that ascorbic acid and haematin undergo coupled
oxidation in dilute pyridine solution. Pyridine-haemochromogen catalyses
the oxidation of ascorbic acid, which is not autoxidizable under these conditions;
and ascorbic acid induces the oxidation of haematin to verdohaematin, a
bile pigment iron complex. The main product of the oxidation of ascorbic
acid is dehydroascorbic acid.

The above discussion will indicate the interest that is attached to reactions
induced by ascorbic acid, and the need for further work in this field.

In conclusion, the authors desire to express their profound thanks to
Prof. N. R. Dhar, D.Sc., Dr. es, Sci.,, F.I.C., 1.E.S8., of Allahabad for his kind
interest in this investigation. One of us (T.V.8.R.) is grateful to the authorities
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of the Andhra University for the award of the Dr. C. R. Reddy Research
Fellowship in chemistry.
SUMMARY.

1. We have found that ascorbic acid induces the reaction between sodium
sulphite and silver halide. This is one of the few reactions in which sodium
sulphite acts as an acceptor.

2. Dehydroascorbic acid cannot by itself reduce silver halide, whereas it
can do so in the presence of sodium sulphite.

3. The mechanism of the induced reaction is discussed.
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