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L‘IVER is reputed to constitute one of the
richest sources of the B-complex, the anti-
senemic principles and other unidentlﬁgd
growth-factors. Williams et al.,! in their
study of pantothenic acid, used liver as the
starting material. Kuhn and Wieland* have
shown that tunny fish liver contains the same
active principles as those which characterise
mammalian livers. ) .
With the development of the shark liver oil
industry in India, appreciable guantities of
liver residues are, at the moment, available at
various centres of the industry. It was, ihere-
fore, of interest to make a systematic study
of this potentially useful bye-product, with
special reference to its content of the B-com-
plex. The present communication deals with
a microbiological assay of the overall potency
of the growth-factors of the liver extracts as
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revealed by the response potentiated by vary-
ing doses of the extract towards a strain of
Lactobacillus (Culture No. 3, N.C.T.C.: 2078).

ResgArcH MATERIAL

The three commercially known varieties of
sharks generally worked up for their oil were
selected for the investigation. Table I gives
data regarding the contents of their oil and
its vitamin A value as determined by one of
us (I. M. G.).

TaABLE I
0il e ¢
Zoological Name Local Name | content ;'16.;\ o
| . . fEm.
l per cent.
I
1. Carcharinus Khada (K) 50-7 55600
© wmelenoprerus '
2. Galeocerdo Waghbeer (W) [ 70:0 4700
Ligrinus '
3. Carcharinus Pisori (P) 40+9 - 97.0
Limbat s

PREPARATION OF EXTRACTS

The liver residue (100 gms.) in each case
was treated with 100 ml. of water and the
mash digested at pH 5-5 with activated papain
(5 gms.) at 40° C. for 48 hours. The digest
was filtered, pH of the filtrate adjusted to 4-5
with acetic acid, steamed for an hour and the
precipitate filtered off. The pH of the filtrate
was carefully readjusted to 7-0 with 10 per
cent. sodium hydroxide. The extract was
afterwards distributed into 10 ml. ampoules
which after sealing were sterilised at 15 lbs.
pressure for 20 minutes. In the case of the
extract from ‘sheep’s liver, digestion ~with
papain was preceded by autolysis at 30° C. for
48 hours. For comparison, Lily liver extract
(I.LU.S.P. unit/ml.) was employed as the stand-
ard.

TaBLE II

Milligrams per milli litre I

of extract 'l
Liver extract : \ I;l:;?{ .
Total | Total | Amino 3

solids N N |
Lily (L) 151-0 156 3-24 .- 4-81
Sheep (S) 330-0 | 28-6 9-12 3-13
Khada (K). 115-2 | 16-0 4-51 3-55
Waghbeer (W) 111-0 | 12-9 3-98 3.24
Pisoii (P) 119-5 | 16-8 3.48 : 4.82

SELECTION OF THE ORGANISM AND THE
PREPARATION OF THE INOCULUM

The organism (Lactobacillus, strain No. 3,
N.C.T.C.: 2078) employed for the microbio-
logical assay, was obtained from the National
Collection of Type Culture, India, Indian Insti-
tute of Science, Bangalore. Consequent to- a
comprehensive study of the nutritional require-

- ments of ‘the lactic group of organisms in the

National Collection, this strain was found to
give the maximum response to most of the
vitamins of the B-complex so far examined,
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Stab cultures of the organisms were carried
in liver extract.—Pentone, glucose, agar (3 ml
100 ml, 0-5 per cent., 1 per cent., 1-5 per
cent.). The method of preparing and carrying
cultures were those described by Snell and
Strong.3

Inoculum for assay tubes was prepared by
.transfer from the stock culture to a sterile
tube of basal medium to .which sheep liver
extract was. added (3 ml./100 c.c. of B.M.).
The inoculum was incubated at 37° C. for 24-
36 hours before use.

Basar Meprum

A simple synthetic basal medium (B.M.) was
selected and is a modification of that used by
Snell and Strong,? for the determination of
riboflavin, and by Pennington, Snell and Wil-
liams* for the determination of pantothenic
acid. It contains acid-hydrolysed casein (vita-
min and fat-free) 0-5 per cent., tryptophane
0-01 per cent., l-cystine 0-01 per cent., glucose
4-0 per cent., sodium acetate 2-4 per cent., and
inorganic salts. The constituents are prepared
and preserved as follows:—

Acid-Hydrolysed Casein.—50 Gms. of vita-
min and fat-free casein (B.D.H.) were hydro-
lysed with 260 ml. of 25 per cent. H,SO,. The
mixture was autoclaved for 10 hours at 15 lbs.
SO,-ions were removed with Ba(OH), and
any excess Ba-ion was carefully removed with
the ‘minimum amount of H,SO,. The solution
was adjusted to contain 100 mg. of dry matter
per ml. It was preserved under toluene. Traces
of vitamins were effectively removed from the
casein hydrolysate with 10 mg./ml. of ‘Norit’
at pH 3-0.

Tryptophane and Cystine.—Stock solutions of
tryptophane and cystine ‘hydrochloride con-
taining 1 mg./ml. were prepared and Kkept
under toluene.

Inorganic Salts—Solution A contains 25 gms.
of KH,PO, and 25 gms. of K,HPO, dissolved
in 250 ml. of water.

Solution B contains 10 gms. of MgSO,.TH,0,
0-5 gm. of NaCl, 0-5 gm. of FeSO,. TH,O dis-
solved in 250 ml. of water. Five drops of con-
centrated . HC1 were added to stabilise the
solution. 0-5 ML of soltion A and 0-5 ml
of solution B contain the requisite inorganic
salts for 100 c.c. of basal medium.

ASSAY PROCEDURE

A medium having 2-5 times the concentra-
tion of the basal medium was prepared, pH
adjusted to 6-8 and 2 ml. of this medium were
transferred into each assay tube. Graded doses
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of liver extracts corresponding to 0-021, 0-42,
0-083, 0-208, 0-417, 0-625, 1-25, 1-875, 2-5, 3-0,
3:75 and 4:25 mg. of nitrogen were added and
in each case, sufficient distilled water added
to bring the final volume in each tube to 5 ml.

. Duplicates and a blank were run for eéach

concentration. The tubes were sterilised at
10 lbs. for 30 minutes, twice at an interval of
24 hours. Three loops of the inoculum were
inoculated into each assay tube and incubated
at 37°C. for 72 hours. The acidity produced
during this period was directly titrated against
0-1 N NaOH to pH 6-8-7-0 using bromthymol-
blue as indicator. Results are given in
le_ible I)II and are also graphically represented
(Fig. 1).
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FIG. I. Responses of N.C.T.C. 2078 to Liver Extracts

A close study of Table III and Figure 1 will
reveal that, the Lily liver extract, per milli-
gram of nitrogen potentiates the maximum
response. Next in order comes the liver extract
of Pisori, which, from the nature of the curve
may be suspected to have a vitaminic make-
up closely approximating to that possessed by
the Lily liver extract. In other words, the
functional similarity of the two extracts as re-
vealed by the curves (see Fig. 1) suggests
that Pisori liver might constitute a rich source
of the antianszemic principles. The extracts
from the livers like Khada and Waghbeer
exhibit comparatively poor potencies; sheep’s
liver extract, however, gives a steady and
linear response for the entire range of con-
centrations studied. .

The minimal concentration of the extract (in
terms of total nitrogen) at which the potency
of the extract tends to get abolished is differ-
ent for each of the extracts. These critical

_ TasLE III .
Results expressed as ml. of 0-1 N acid produced for 10 ml. of basal medium
Concentration of extract in mg. of nitroge. in 10 mi. of basal medium.
Liver .

Extract ) .

0-042 | 0-083 10-125 0-167 | 0-417 l 0:834 | 1-250 ‘ 2:500 l 3+750 | 5+00 ‘ 6-00 | 7-50 | 8+50
[ | ]

Lily 1-1 1-1 3-1 |11-3 | 19°3 | 24.1 | 24.7 | 26-3 | 28-0 |27-2| 29:0 | 32-1 | 34-3
Sheep 1-0 1-0 1:0 1-0 18 3.4 5-1 9.8 | 138 | 18:6 | 22.0 | 26-8 | 29.7
- Khaua 1-2 1.2 1-5 1-9 | 2.2 3.3 3.9 5.4 | 11-2 | 18:4 | 22:6 | 24-1.| 27-9
Waghbea:r 1.1 1-1 11 . 1-1 1-1 1.1 ﬁ 9.4 14-+5 19.9 20-3 22.5a- 20.7
Pisori 0-4 0-4 0.4 0-4 1.8 82 |14.2 |19-3 | 22.6 | 25-2 | 27-6 | 29-5 | 32:7
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concentrations which are underlined in the
table (Table III) represent the point below
which the growth-factors, singly or severally,
attain their respective limiting concentrations.
It is interesting to observe ‘that this limiting
concentration is reached at the lowest nitrogen
level (0-125 gms.) in the case of the Lily liver
extract while in the case of Waghbeer liver
extract the point is attained at a higher level
of nitrogen (1,250 mgms.). The other extracts,
including that of Pisori, exhibit loss of potency
-at a level of nitrogen corresponding to 0-417
milligrams.

It can also be noted that the response to the
addition of the next higher concentration of
the extract (higher than the critical concentra-
tion) is usually quick and substantial, parti-
cularly in the case of Lily and Pisori extracts.

The limiting concentrations of nitrogen may
roughly be taken to be inversely proportional
to the degree of purity of the extracts with
‘respect to the growth-promoting factors. The
potency and purity of the -extracts may also
be computed from the levels of nitrogen at
which a given response is potentiated. For
example, a response equivalent to about 10 ml
of decinormal alkali is given by 0:150 mgm.
of Lily extract, 2:-5 mgms. of sheep’s, 3-7 mgms.
of Khada’s, 2'9 of Waghbeer’'s and 0-95 of
Pisori's (computed from the curves, see Fig. 1).
Taking Lily liver extract as containing 100
units of overall potency, the potencies for the
extracts of sheep, Khada, Waghbeer and Pisori
respectively work out as 6, 4, 5 and 16.

It has previously been suggested that the
critical limiting value may have been r(_aachgd
with respect to a single or a multiple vitamin
factor. With a view to elucidate this point,
experiments were conducted, each of extracts

-TABLE IV
M. of 0-1 N Acid produced
for 10 ml. of B. M.
Medium -
Khada | Waghbeer | Pisori
1. B.M.+ L. E. + all| 17-2 15-2 12-0
vitamins _
2, B.M.+ L.E.+ all| 15-7 14-1 11-0
vitamins except '
thiamin
3. B.M. + L.E. + ail 8.4 14-0 10-6
vitamins except :
riboflavin
4 B.M.+ L.E +all| 174 155 710-6
vitamins except :
Pyridoxin
5. BM.+ L.E. +all| 12-6 44 55
vitamins except
Pantothenate °
6. B.M.+ L.E. 4+ all| 17-6 15-5 12-0
i vitamins except
niacin
7. B.M.+ L.E, +all| 17-6 15-5 12-0
vitamins except
inositol
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being employed at the respective limiting level
of nitrogen. Crystalline vitamins, thiamin,
riboflavin, niacin, pyridoxine, calcium panto-
thenate and inositol were tried. Results are
given in Table IV.

B:M. = Basal Medium; concentration of the
vitamins used for each of the assay tubes was
as follows:—Thiamin 0:5+; niacin 0:5~, cal-
cium pantothenate 1+, riboflavin 1+, pyrido-
xine 0-5 mgm. Liver extract (L.E.) added =
the limiting level of nitrogen as indicated in
Table III.

Figures given in Table IV are highly signifi-
cant; they suggest that the limiting concentra-
tion is reached mainly with respect to one of
tae witamins. Khada lacks riboflavin mainly
while pantothenic acid appears to be lacking
in the liver extracts of Waghbeer and Pisori.
The potencies c¢f the extracts can, therefore,
be effectively increased by the addition of the
o ficient vitamins. ‘

SUMMARY-

1. A comparative microbiological assay of
the overall potency of the growth-factors of
liver extracts, has been carried out using a
strain of lactobacillus culture (N.C.T.C.: 2078),
as the test crganism. Three varieties of sharks,
Carcharinus melanopterus, Galeocerdo tigrinus,
Carcharinus limbatus, whose liver residues con-
stitute a useful bye-product of the shark liver
oil industry, have been investigated.

2. Carcharinus limbatus has been found to
yvield the most potent extract with a functional
similarity approximating to the standard Lily
liver cxtract.

3. Shark livers with high contents of the
fat-soluble vitamins appear to constitute poor
sources of the water-soluble B-complex. The
two groups of vitamins appear to occur toge-
ther in the.inverse ratio (see Table I).

4. Recent clinical reports suggest that the
antianzemic factors (extrinsic) are identifiable
with some of the important members of the
Further, recent studies have
shown that the B-vitamins are essential for the
synthesis of hzmoglobin and the formation of
These observations are significant
in relation to the functional behaviour of the
Pisori liver extract and suggest that it might
prove a good source of the antiansmic factors.

5. The response of the wvarious extracts ut
their limiting concentrations to the addition of
specific vitamin shows that some of the vita-
mins are lacking in them; the addition should
render the extract physiologically
more balanced and potent.
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