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INTRODUCTION.

It is now clearly recognized that both animal and plant materials contain sub-
stances which antagonize the action of thiamine. According to Hart ef al. (1911),
a ration containing mainly of wheat products was inadequate for the maintenance
of heifers and swine. In subsequent papers (1914, 1916), they described the patho-
logical conditions, manifested by swine on a diet rich in wheat products, which are
analogous to, if not identical with, the pathological conditions recorded for poly-
neuritis in fowls. This, they considered to be due to the presence of some toxic
principle in the wheat products.

McCollum et al. (1916) reported the occurrence of a substance, which is distinctly
toxic to animals, in wheat germ. This could be extracted to a great extent with
ether. Moore (1914) described a condition in swine, closely resembling ‘beriberi’
when fed on ‘rice meal’. These findings were later verified and confirmed by
Williams (1926).

Recently Weswig et al. (1946), Fabriani ef al. (1948), Thomas ef al. (1949) reported
the occurrence of the anti-thiamine factor in bracken leaves (Pterts aquilira). The
factor, present in the bracken leaves is thermostable, retaining its activity even
after heating at 105°C. in air for 18 hours. It is insoluble in ether and acetone, but
highly soluble in 929/, aleohol (Weswig ef al., loc. cit.)

The present communication deals with the isolation and study of the kinetics
of an active principle, which destroys thiamine, from mustard (Brassica juncea).

I. MATERIALS AND METHODS.

Material—Mustard (commercial variety) was ground to a fine paste in an end
runner and freed from oil completely by continuous extraction with ether in soxhlet
for 24 hours. The defatted material was spread in porcelain pans and the ether
was allowed to dissipate at room temperature under a fan. The de-etherized powder
was passed through a 40 mesh sieve. The material thus prepared was used for the
isolation of the anti-thiamine factor (A.T.F.).

Determination of the activity of anti-thiamine factor—The activity of the factor
was measured by estimating the amount of thiamine destroyed in a mixture contain-
ing thiamine, buffer and the anti-thiamine factor. The thiamine was determined
by the thiochrome method (Harris and Wang, 1941). The intensity of the fluor-
escence was measured in a photo-electric fluorimeter (Lumetron 402 E.F.). The
reaction mixture used for the determination of the activity of the factor, unless
otherwise stated, was composed of 5 c.c. buffer (M/5 acetic acid-acetate buffer),
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2'5 c.c. thiamine (10 micrograms), 2 c.c, extract (A.T.F.) and water to make the
total volume to 10 c.c. The reaction mixture was incubated for one hour at 40°C.
and the thiamine was determined in 1 c.c. of the total reaction mixture. Suitable
blanks were always run side by side.

The activity of A.T.F. is always expressed as the amount (micrograms) or per-
centage of thiamine destroyed in the total volume of the reaction mixture after one
hour incubation at 40°C.

Thiamine obtained from Hoffmann-La Roche was used throughout this work and
all the other chemicals used were of highest grade of purity. In order to avoid the

introduction of fluorescent impurities, only glass distilled water of high purity was
used.

II. MgeTtHOD OF ISOLATION,

1. Ewtraction.—The defatted flour (200 gms.) was added to 1,000 c.c. of chloro-
form-water mixture (50 c.c. chloroform and 950 c.c. distilled water). The suspension
was stirred well for 30 minutes with a mechanical stirrer and allowed to stand over-
night at room temperature. Even though the chloroform is a poor solvent for the
anti-thiamine factor, its addition during extraction, however, helps the separation
of clear extract. It was centrifuged and the residue was discarded.

2. Removal of inert material at pH 3-0.—The clear centrifugate was adjusted
to pH 3-0 by adding carefully 5§ H,SO,4 drop by drop (the pH was tested with 0-04%,
Bromphenol blue on a drop plate) and warmed to 60°C. on a waterbath. A heavy
precipitate formed, was allowed to.settle down and centrifuged. The residue was
rejected.

3. Removal of inert material at pH 8-0.—The clear centrifugate was adjusted
with 209, NaOH to pH 80 (tested with 0-04%, thymol blue on a drop plate) and
warmed to 50°C. The bulky precipitate formed, was allowed to settle down and
centrifuged. The residue was discarded.

4. Precipitation of the active principle with 40%, lead acetate.—The centrifugate
was warmed on a waterbath to 50-55°C. and with thorough stirring 409, lead acetate
_ solution (15 e.c.) was slowly added. The heavy precipitate formed was allowed to

settle down and centrifuged. The centrifugate was again warmed and 10 c.c. of
lead acetate solution were added. It was centrifuged and the centrifugate was
discarded. The lead precipitate was collected into a centrifuge tube and washed
thrice with distilled water.

5. Decomposition of the lead compound with HyS0,.~—A fine suspension of lead
salt was made in 100 c.c. of distilled water and decomposed by stirring in vigorously
5N HyS0, until the solution was just acedic to Congo red. It was kept on a water-
bath for 10 minutes with frequent stirring and allowed to settle down and centrifuged.
The precipitate was again suspended in 25 c.c. of distilled water and stirred with two
or three drops of 5N HyS0, and warmed and centrifuged. The residue was again
treated in the same way with 25 c.c. of water. The combined centrifugates were
concentrated to 50 c.c. on a waterbath and allowed to cool down to room temperature
and filtered. To this 100 c.c. of abgolute alcoho! were added and mixed well and
allowed to stand at room temperature for 2 hours. It was centrifuged for 30 minutes
at a high speed and the precipitate was discarded. It was then concentrated on a
waterbath to 20 c.c. and dried completely in a vacuum desiccator over anhydrous
caleium chloride. The dried residue was kept overnight in a vacuum desiccator
over P,0; to remove the last traces of water.

6. Extraction with absolute alcohol.—The dried residue was repeatedly extracted
with absolute alcohol (50 c.c.) and was filtered through Whatman No. 42 fluted filter
paper. The insoluble matter was rejected. The filtrate was freed of alcohol under
reduced pressure and the residue was taken in 50 c.c. of distilled water and was filtered.
The clear filtrate, which is brown in colour, is very potent in destroying added thia-
mine. Neither the active principle nor the colour could be adsorbed on Norite
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charcoal. The colour seems to be associated with the active substance and it changes
to yellow on the alkaline side. ’

The anti-thiamine factor is soluble in water and alcohol. It is very sparingly
goluble in chloroform and insoluble in ether and acetone. —

IIT. KiweTics.

1. Effect of concentration of A.T.F. on thiamine destruction.—The relationship
between the rate of action of A'T.F. and its concentration was determined. The
reaction mixture contained 5 c.c. buffer (acetic acid-acetate buffer of pH 5-2), 2-5 c.c.
thiamine solution (10 micrograms) and varying concentration of AT.F. and the
water to make the total volume of 10 c.c. The reaction was carried out at 40°C.
for one hour. The results are presented in Table 1.

TasLe 1.

Effectof A, T.F. concentration on thiamine destruction,

A.T.F. concentration A.T.F. activity ex-
c.c. pressed as 9 thia-
mine destroyed.

0-56 30-1
1-0 52-5
1-5 63-8
2-0 70-6
2-5 81-2

The results show that more destruction of thiamine is effected by the increase in
the concentration of AT.F., but the relationship between the activity and con-
centration is not linear.

2. Effect of time on the destruction of thiamine.—The test mixtures contained
5 c.c. buffer (acetic acid—acetate buffer of pH 5-2) 2-5 ¢.c.thiamine solution (10 micro-
grams), 2 c.c. of A.T.F. and water to make up the total volume to 10 c.c. The mix-
tures were incubated at 40°C. and at known intervals of time 1 ¢.c. of the reaction
mixture was removed and the thiamine estimated. The results are given in Table I1.

TasrLe II.

Effect of time_on the destruction of thiamine.

Time in minutes, A.T.F. activity ex-
pressed as 9, thia-
mine destroyed.

1 65-0
15 69-0
30 725
45 6356
60 64-2
12 hours 87-3

. Tt is evident fror.n the results that the inactivation occurs almost instantaneously.
659, of the added thiamine is destroyed even within the first minute. On continuing
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the reaction, the increase in the percentage of destruction is not very marked. The
reaction is probably not of enzymic nature.

3. Effect of concentration of hydrogen ioms.—The destruction of thiamine by
A.T.F. was carried out between pH 2-7 and 7-5. For pH range between 2-7 to 6-5
M5 acetic acid-acetate buffer was used and for pH between 6-5 to 7-5, M/15 phos-
phate buffer was used. The pH range above 7-5 was not mvestlgated because of
the instability of thiamine in alkaline solution.

The results are presented in Table ITT.

Tasre ITI.
Effect of pH on the destruction of thiamine by A.T.F.

pH Time of incubation. | Per cent of thiamine
destruction.
2.7 30 minutes 66:8
3-1 ” 68-1
3-6 v, 66-3
4.5 s 64-2
52 ys 69-8
6.0 ’s 65-0
6-5 »s 66-7
7-0 " 855
7-5 »s 63-7

From the results it is clear that the destruction of thiamine is independent of
pH between 2-7 and 7-5. This observation also goes to show that the factor is non-
enzymic in nature.

Stability of the anti-thiamine factor.

The following experiments were designed to find out its stability (a) towards
heat treatments; (b) in alkaline and acid medium. The results are presented in
Table IV,

TapLe IV.

Stability of the anti-thiamine Sactor.

AT.F. activity as )
Description of the treatment. 9, thiamine Inactivation 9%,.
destroyed.

(2) Effect of heat treatments on A.T.F. activity—

Control {without any trea.tment) .. 72-3 ceen
2 hours at 100°C. 720 0-3
Autoclaving at 10 lbs. pressure (240“'0)

for one hour .. 51-2 : 21-1
Autoclaving at 10 Ibs. pressu.re (240°C)

for two hours 39:5 32-8

(&) Stability at pH 2-0 and pH 12-0—
Incubated overnight at 37°C. at pH 2-0 .. 69-9 2:2
Incubated overnight at 37°C. at pH 12-0 . 46-5 258
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From the results it is clear that the factor is quite stable at 100°C. On auto-
claving for one hour at 10 Ibs. pressure (240°C.), 21-1%, of the activity is lost and
when autoclaved for two hours 32-89%, is lost.

The factor is quite stable at pH 2-0 and on incubation at pH 12-0, 25-8%, of its
activity is lost.

Effect of dialysis on the activity of A.T.F.
20 c.c. of the extract were dialysed in a collodion bag against distilled water
for 16 hours at 8°C. After dialysis, the dialysate was concentrated to 20 c.c. on a
waterbath. The non-dialysable and dialysable fractions were tested for thiamine-
destroying potency. The activity determinations were made according to the
method given above and the results are given in Table V.

TaBLE V.

Effect of diglysis on the activity of A.T.F,

A.T.F. activity
expressed as 9,

thiamine

destroyed.
Control .. 73-0
Non-dialysis fraction .. 24.5
Dialysable fraction (dialysate) 56-0
Non-dialysable fraction +dialysate 62-8

The results show that 48:59, of the activity is lost on dialysis for 16 hours
and most of the active principle is dialysable. The results indicate that the extract
contains two components, one non-dialysable and the other dialysable.

IV. SummARry.

1. Mustard (Brassica juncea) containg an active principle which destroys thiamine.

2. Method of isolation of the factor has been described. The factor is soluble in water and
alcohol. It is sparingly soluble in chloroform, but insoluble in ether and acetone.

3. The relationship between the activity of the factor and its concentration is not linear.
Its activity is independent of pH between 2:7 and 7-5.

4. The rate of destruction of thiamine is instantaneous. 669, of the added thiamine is
destroyed within one minute.

5. It is quite stable at pH 2-0, but at pH 12-0, 25-89 of its activity is lost,

6. It isstable at 100°C. 21-19, of its activity is lost on autoclaving for one hour at 10 lbs,
pressure and 32-89 is lost when autoclaved at the same pressure for two hours.

7. On dialysis, the factor is split into two components, the dialysable component being
more active than the non-dialysable,

8. The factor is non-enzymic in nature.
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