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. The determination of Vitamin D in the
Liver Cil of the Dog-fish, Squalus
' Sucklid {Girard).

: \ .
- Introduction.- In a previous manuscript ‘*)~1t has been

shown that the liver-oil of the dog-fish, Squalus sucklii,

. has from five to'fen times the Vitamin A potency éf the
best grade medicinal cod liver oil. Inasmuch as medicinal
.and poultry oilsnare usuélly graded on their Vitamin D con-
tgnt, it seemed of importaﬁce to determine the content of
this vitamin in-dog-fish liver oil. This manuscript gives
in some detail the results‘of the determination.

The -only data published giving the actual content of
the Vitamin D in dog=fish liver oil is that of C.E.Bills(g).
This author; ratiﬁg‘medicinal cod liver oil arbitrarily at
100, piaces dog-fish liver oil at 3,  In a private communic~

ation ffom Bills, it was_found:that fhe sémples éxamined |
were from the Coast of Newfoundland and were two in mumber.
- Bills states thét hé examined'also two sémples from the
Pacific Coast but notbéing.sure of their origin did not
include the results in his paper, They‘;ave, however,
about the same results.

| The two oil soluble Vitamins, A and b, have been
found associated in many natural products. In view of the
high Vitamin A_potency it would be natural to expect a.
relatively high'pqtency'of Vitamin D in dog-fish liver'éil.
However, as Doctor A.T. Cémeron has pointed out in a prdavate
- communication the fact of the dog-fish being an Elasmobranch
might have some relation to the retention or non-retention
of vitamins, As the type of food eaten by the dog-fish:might
possibly affect the pétency of the liﬁer.oil, samples from

. re
fish caught at different times of the year and feeding on
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different fcods have beern examined.

Methods.- All samples of oil examired were expressed from

. the livers of freshly caught fish, The livers were minced immed-

iately after removal from the fish, and steamed_half an hour with
wet steam in a covered container., The oll was then skimmed
from the top, dehydratednwith sodium sulphate and filtered. In
one case the oil was not dehydrated, but was cold cleared at
5 degrees C,

White rats‘ﬁere used for the assay. The animalsused cwere
from carefully bred stock housed in a specially built animel'

TO0W, This room had two sections, one well lighted by a largse

"window, and the other illuminated by a small electric lamp bulb

only.t The colony.rdts wefe kept 1in the 1ighted portion, whils®t
the experimental animals were kept in the dark sectlon. The room
was electrically heated and kept at approximately 25 degrees C,
The cages were of the type oesorlbed by Greenman and Duhrlng(g)-
The whole stock colony was fed_on Bilis modification'(éq of
Steenbock!s diet which consists of the following ingredients;

Ground yellow corn 76 perts Ground Alfaifa 2 parts

Linseed 0il Meal. 16 " Iodized salt .o "
Grude Casein 5 " Calcium carbonate .o "

To every three parts by welght of thls mlxture was added
one part of whole dried milk (klim).

To every 500 grams of this dried mixture was added one
yeast cake and the juice and rind (pulverized) of two
oranges. The whole was heated with a little water in

a double boiler for about 15 minutes, then about 50
grams of butter were added

This cooking of the colony stock diet was adopted for %wo

beasons. The Tirst reason was that sterilization was obtained,

~and the second was that, as Hartwell CS)has shown, cooked diets

give better results than raw diets, It has also the added advant-

age of making the mixture more homogenous and the rat has iess

chance of picking out parts of the mixture and dlocardlng tne rest,
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There are two gernersl methods used in judging the
Vitemin D potercy of an oil, In'both of them the experiméntal
rats are fed on a diet -high in calcium and low in bhosphmrous |
besides lacking Vitemin D. This type of diet normally

produces rickets in young growling rats in about eighteen

~daye. In the preventive type of experiment, the oil is

fed concurrently with the rachitic diet, and the amount of

protection given by the oil undef test 1is decided by chem-
ical anglysis of the bones,~tsgether with radiographic and
histological evidence, In thetéecond, the curative type, the
‘rats are alliowed %o develop rickets, and the émallest amount
cf substance under test necessary to.efféct a cure 1is de-
termined, The commencement of healing is usually diagnesed
by means of the "line test", bH of the faecal suspensions aﬁd
radiography. Both method; have been used in the present
investigatibn.

The analyses of the bores were made by the mefhods

(€)

outlined b& Chick, Korenchevsky and Roscoe .© The following
values were gsuallj determined;  Moisture, fat, fat-fres
organic matter, ash, percenﬁage of calcium calculated on the
dry fat~-free bone, and the ratio (A/R) of the ash’residue
to thé amount of.fatmfree organic matter,

The radiographs were made with é Coélidge Dental abparatus.
The regular Eastman dental filme were used; Thettechnique
employéd was practically the same as that recently described
by Poulsson (7). The animal was placed in a light aneasthesia
and the left hind leg gently stretohed until straiéhtc- A
radiograph of;the.knee joint was then made, The pictures wére

taken from the anterior aspect, care being taken bto keep the

distarce 'between tube and cbjsct always the same. An exposure
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of 1,25 seconds was usudlly given.
The diagnosis was méde from the negative, the latter
being viewed thrdﬁgh,a piece Qf millimeter ruled glass
illuminated by a small lamp, The width of the unéalcified

band was -then measured as-accurately as possible, For a rat

‘of about fifty days of age, a band of L.mm. was judged to have

" a degree of rickets of 14, £ mm. 24, etc. This method was

not thought sﬁfficiently accurate to judge of the degree of
healing or rickets, sincé the new band of calcification was,

in the early stages, very narrow and honeycombed, and did not

'give a clean, well-defined image, The radiograph has therefore

been used only to decide whether the rats were éuffering from
a moderate degree of rickets,

The line’ test, se-called, was that introduced by
Mcdollum (8). The directions giveﬁ by Bills and,co-Wérkers(g)
were strictly adhered to. This tést was ﬁsed for the histolog~ -
ical diagnosis of theé knse joint:in the case of the rats used in
preventive tests, with the modification ﬁhat,'instead of jﬁdging
the healing by means.of the line of provisional calcification,

special atterntlion was paid to the amount of calcification on the

. diaphyseal side of the cartilaginous disc, By this means the

severity of disease could be established,

The faecal pHs were determined by means of a hydrogen
7
9

electrode of the Hiidebrard Tyre, in a £/% aqueous suspension.

A rocking electrode of the type used by Jéphcott and Bacharach(lo)
not beling available, a rapid stirrer was used. This made it
possible to.obtain equilibrium in about five miﬁutes. Irall

other respects the techniqus was that sug ested by Jephcott and

Bacharach. o
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Chemicai analyses for inorggniq phésphormus and célcium:
of the blood serum- of raghitic rats were c¢.rried out in a }
few cases by.tne méthods of Benedict-Theis ard Clarke-Coilip'

respectively, but, since rats had to be fed in groups in drder

to get enough blood for a satisfactory analysis, this means

of diagnosis was abandoned.

Thé'teét oils were administéred by hand, by means of
dropping pipetteé. These pipefﬁes were calibrated for the oil
gsed. The doses- were qéu&lly acdninistered just~pri6r to the
feeding time, i.e. fi#e-p}m._ |

During the oil testinyg period, & careful record was kept

of the weight of the ftest animals, daily weisghings being made.

Ly this means the possibility of healing of rickets by starvation

was eliminated. All these data have not been included, a typical

example, however, is given in Table V111,

Two rachitic diets have been uéed. ‘That of Pappenheimer,

B : 1 ‘ i
McCann and Zucker(*l),ﬂ he first one tried, had the following

‘composition:’

‘Pdtent Flour'

80.9
- Egg Albumin 10.0
Butter Pat 9.0
- Salt Mixture 4.1
Composition of Salt Mixture:
' KC1 : ©0.85
N&2C05 . ’ 0.85
¥gCl0z : 0.286
Ca lactate 2.000
Perric citrate 0.1
X : 0.0002
- ¥nS04 - . 0.00078
“Nalt _ . : 0.0024
KAl {SO{]-Q ' . 0.,00024

Total 4.08962
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The other diet used was that of Steenbock(l“), and was

composed'Of the following ingredients:

Ground Yellow Corn A1
Wheat Glutin 209
Calcium Carbonate . 3%

Sodium Chloride 1%

Ekxperimental .-

Experiment 1, This experimént was designed to test
the efficiency of the Pappenheimer-McCann-Zucker diet. It
was of the preventive tﬁpe. Twelve‘rats were placea on this
diet when'they were 25 days old. They had access to as much
of the diet, and tap water as they desired. At the end of
eight weeks they wefe radiographed, and then chloroforméd. .Oné‘
nalf of a knee joint-was then examiﬁed microscopically, and
the remainder of the two hind legs thoroughly cleaned and
analyzed. The results of this test are summarized in Table 1.
Experiment 2. Ten rats were placed on the Pappenhemer,

diet supplemented by daily doses of the oil under test. The

experiment extended for a period of fifty days. By this time

some of the rats had déveloped the characteristic "pachitic hop"

. and it was considered that ahy difference in the amount of pro-

" tection afforded by the different doses would now be sufficient-

1y emphasized} The rats were, therefore, radiographed and
trected as in experiment = 1. The results of this experimént,

are detailed in Table 2, togethor-with the doses ahd nature

-of the oils administered.

Experiment 3,  Only three rats wore available for this.
test, The same method as outlined in cxperiment 2 wa.s followed,
_EXporimont 4, The curative type of cxperiment was usecd

in all subsequent work. In this.experiment Steenbock's diet

was fed to rats 25 days old for a period of 18 davs. Daily



TABIE I.

The chemical analysis of the bones of young rats
grown on a rachitic diet.

Rat No. Gain in Wt. Moisth% Fat 4 Organic . Ash % A/R ratio

Matter %

1 - . 44 gms' . B1.79  4.11  27.9% - 16.21  0.582

2 55 " 50i4l  7.65  25.68 16.92 ° 0.634
3 55 " 5.8 1.77  28.79  16.13  0.561
4 7L " 55.77  2.06  20.85  15.89  0.528
5 a4 M 41,10 8.26  31.99 18.80  0.584
6 48‘ " 59.69 5.52  35.06 21.64  .0.617
7 e 28.32 4.55  37.40 29.80 0.796
8 . 43* " 42.85 4.81  20.55 21.85  0.717
9 89 " 16,31 10.61  41.80 1.0 0.744
10 %" 54,50 574 55.92 25.44  0.749
11 S T R 8.16  47.41 31.21 0.658

12 21 M 47,10 8.26 28.18 16.43 0.58%
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doses of the test oils werc then administored for varying
periods of time. The line test only was uscd as a means of
diagnésis. The results arc given in Table 4.

Experimcnts 5,6,7 and 8, - The next four experiments
were carricd but as f01lows: | 25 day old animals were
placéd in oneilarge cage and fed Steenﬁock's dict ad. 1ib,
for a period of eighteen days. During this prepératbry ’
-veriod thoy.wore ﬁeighed dailj in a gr@up, The faeccal pHs
werc determined every alﬁernato day. At the end of fhe
eighteenth day tﬁey were radiographed and placéd in pairé
in scparate cages, The-oils undér-fegt were now administered
daily. Daily weighings and faecal pHJdetcrmina%idns were
also made. At the end of six days the animals were radiographed
agoin and killed. The hind leg was then removed and the
tibia disseotod. The line test was then carried out.

.In eaéh experiment of this invéstigation suitable neéat-
ive controls were used. In the curative tests oné-control
was killed and autopsied at the beginning of the,oil-feeding
period. If, and this was invariably thc case, the results
~of the line test showed well defired rickets, the other rats
of the group whose radiogréphs.wefe similar or nore severe‘
than that of the control, werc considered to be ready for‘the
tost, In this way any individual variation of the rabs which

might have tended to produce unreliable results was eliminated,

© Discussion.- The results given in Table .1 show con-

clusively that the 12 rats used in that experiment had all
decveloped scvere rickcts,A Chick, Korenchevsky and Roscoe,(6)
from thc results of a large number of analyses, gave the follow~

average figures for the analyses of bones of young rats grown up

on a completely adequate and also on a rachitic diet.



"11.52 0.431

TABIE IT
Rat No. Daily Dose. ‘ Analysis of Bones %a _ o
i ) of 0il . Moist. PFat. Org. Res.. Ash A/R é of -Histological Radiograph
free
bone
22 D.F.L.0O. 58.24 1.53 27.85 11.53 0.414 9.35 Advanced Rickets.
" 8.7 mgms. ) ‘ C rickets. Very slight
Not severe protection.
23 D.F.L.O. 59.50 . 1.23 27.70 11.59 0.418 10.94 Advanced Rickets.
: 8.7 mgms. ‘ rickets. " No protect-
Kot severe ione .
24 Cod. Tiver. 01l . 53.80 5.75 24,19 16,11 0.667 14.76 Very mild Protection.
17.5 mgms ' - rickets Very slight
sign of band.
25 Ood Liver 0il 5%.88  5.48 24.55 16.00 0.654 14.59 Mild rickets Protected.
17.5 mgms.
26 D.F7.L.0O. 57.81 3.08 24,10 14 .85 0,616  14.08 Slightly 'Not fully
- 17.5 mgms. o ' rachitic prote~ted
27 - D.F.TL.O. 47,20 7.78 23.82 21.20 0.889 ‘17.41 Very mild Protected
-17.5 mgms : ' rickets
28 D.F.L.0. B2.6° %.79 22,39  20.50 0.899 17.48 Practically Protected
67 mgms., : - normal
29 D.F.L.0. 57.15 3,86 22.68 16.36 0.723 15.53 Practically Protected
<67 mgms . ' normal
30 None 556,81 . 1,95 29.51 12.62 0,428 11l.12 Severe rickets No pfotect—-
' ’ ' ion -
31 None 59.98 .1.60 26.78 11.14 Severe rickets No protect-

ilon
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Dict Analysis of frecsh bone Calcium % on A/R Histology.
' ' Tat Trec WE. ‘ratio.
Complete HoO. TFat. Ash, Org.Res. -
Diet £1..0 2.4 34 .0 2246 e2l.S 1.50 Normal.
McCollum .
3143 diet  60.5 4.25 11.3 24.0 12,0 0.468 Severe

rickets,
These authoré,state that thé chemical composition of rachitic
bone is found to be characterized by; (1) Thevcontent of mineral
ash (A)_boing much lower than normal, (2) the content of water
being much above normal, (3) slightly increascd proportions of
fat and organic material (R), (4) a very low value of,fhe A/R
ratio i,e. from 0.4 -to 0.8, Which ratio is, in the case of
normal rats, over 1. |
All the findings'given in Table 1, fall within the limits of
the average velues for rachitic animals, Consistent results were
‘ ohtained when these meﬁhods wore‘used for diagnosing the severity
of rickets, |
The dog-fish liver oil used in‘the'second expefiment was
expressed from the livers of fresh fish cauéht of f Maloolﬁ Island
in the Queen Charlotte Straits. Tge cod liver oilvused was a
sample bought on thse open-mquet, and was manufacturéd_by Parke
Davis Co. = |
The results given in Table 2 show that 17.5 mgms, per dey of
both the.dog-fish liver o0il and the cod liver oil were sufficient
.to afford ﬁhe‘rats somc protection from the effect of the rachitic
diet, but in neither case was this fully:realized. Practically
complete protection was given by 67 mgms, of dog-fish liver oil,
whilsﬁ 8.7 mgms. gave no protection whatsoever. The two controis
had cvidently developcd a very severe type of rickets,
The three methods of'diagnosis used iﬁ¢ﬁhf9:éxﬁbﬁﬁméﬁ€

3.

checked Qach;othﬁr*very‘sdﬁfsfaCtorya According to E£E§Et§§g%df



Table III.

Dog-fish Liver 0il, Harbor October, 1927.
Rat No. Daily Dose Tine Test. .
32 'BOMmgmé for 5 days Fragmentary deposits. ;
- L Grades from+to+4-+
39 '20 mgms. during exp. , S
period, 24 days Mild to moderate rickets.
: Very slight protection.
20 ~-Do- " Moderate to bad rickets.
No protection.
Table IV. .
Dogp~fish Liver 0il, Harbor, Januvary, 1928.
Rat No. Daily Dose Line Test. R
&7 - - Neg. control - Florid rickets.
48 ‘-C.Q.O. Parke Davis Healing Degree 4+
20 mgms. ' ' :
49 D.JI.L.0 20 mgms. Florid rickets. No
for 5 days _ sign of healing.
50 D.F.T.0. 50 mgms. Very slight signs of
: for 10 days healing about +
51 D.F.L.O. .66 mgms. Positive healing
for 16 days: +++ to 444+
Neg. control Florid rickets.

o2



;9—
ex™e riment, then, this dog-fish liver oil was as éfficiont for
protection against rickets as medicinal cod livﬁrioil. " These
results, however, were not substantiated when thé durative type
of procedure was used,

Harbour caught dég—fish were used in experiment 3. These
fish were caught in the Prince Rupért Hafbour during the winter
of 1927-1928. The results show that 20 mgms, of this oil.éontained
- enough of Vitamin D to .induce healing in 5 days as judged by
the "line test". In this case the bones were also.énalyzed,
and proved conolﬁsively that-the fat had rickets. The émall
amount of calcification which had taken place in the 5 days was
~not sufficient to effect the chemical analysis. The other two
. rats in this éxperiment, receiving the same dose ‘as the previous
rat for a period of 24 days, gave no signs of protection. The
results of this experiment érq rather anomalous, since they show .
positive resﬁlts for the curativé type and negative for the pre-~
ventive; whereas usually the rcvérse is the case.

Another sample of Harbour caught fish was used in experiment
4, This was from fish caught during January, 1928. .As judged
by the "line test", 20 mgms. of Parke Davis cod livér oll was
sufficient to induce quité positiée healing in S dajs. The same
amount of dog-fish liver_oil'for the same -period of time gave no
signs of healing. When 50 mgms, were fed for 10 days very slight
signs were cvidenced, whilst 66 mgms, fﬁr 16 days gave very-
positive healing. The negative cohtrois iﬁ both cases show very
bad rickets. The.oil5 thercfore, could not be rated above 10%
of the Vitamin D potency of cod liver oil,

Table 5 gives the results obtained from the typé of experiment

which we have now adopted as more or less standard procedure, The

dog~fish liver oil fed to the experimental animals in this test



| Table V.
Dog-fish Liver 0il - West Coast Vancouver Island; April 1928,

Rat » CBxp Radiograph Paccal pH Averages. Line ' Drop
Wo. Daily Dose. time ‘ Prep. Test Prep. Test Test in pH.
‘ ‘ days .« Deriod.. period, period. period

58 Neg.Control R+ : 7.61 Mod. rickets.

59 {ZBximgms. 6 R++ Healing 7.61  6.98  Healing ++to+++4 . 0.63
60 .36.. M 6 R+ Slight signs  7.61 6.98  Doubtful healing 0,63
61 Conbrol . | Rt 7.56 Mod. rickets ++

S - o - D t0de 4 4

62 Conﬁrol ' R+4+ R++ to+++ 7.56 7.20 ‘ Severe rickets

63. 72 mgzms . 6 R++ Healing 7.80 6.81 Healing++ to+++ 0.79 °
6. 72 © 6 R++ Healing 7.80.  6.81 Healing+ + 0.79
65  .108 = 6 R++ Healing  7.69.  6.70 Healing + to++ 0.99
66 .08 T 6 R+  Healing 7.69 6.70 Healing + + 0.99
67, 1126 ¢ 5 R++ Healing 7.58 6.53 Healing +++ . . 1.05
68 . 126 " . 6 ‘ R++ Healing  7.58  6.53 Healing++ to++-+ 1.05
65 10 "™ 6 | Rb+ R*E++ 7B 7,17 Bad rickéts. No 0.14

. ' . sign of healing
70 10 n 6 - © R++ R+++ 7431 7.17 Doubtful signs of 0.14
: : . healing
71 B0 "M - 6 R+ R4+ 7.31  7.17 Bad rickets. No 0.14

sign of healing.
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wa.s obtainod from the livers of fresh dog-fish caught off the
West Coast of Vancouver Island, ncar Ucluelet in April,

1928, The fish ih this case werc foedihg, or had recently been
féeding,upon Spawﬂing herfing, Which.ﬁore at that time running
into the nuﬁbrous havs and inlets of that district.

At the end of the preparatory period it will beo seon
that‘all the okporimental rats had-wekl defincd rickets, as
shown by the radiograph. The negative control which ﬁas killed
at this fimc showed by the radiograph a degree of rickefs ef
R+, whiist the "line test" gave a reading of moderate rickets.
Practically all the othér rats showed a.SOVQrity‘of rickets
és gr@at or grecater tban this, thereforc it was thought
justifiable to assume~that the rats were ready for the test. It
will be noted that the faecal pﬁs arc given as avérages, that is
to sdy, the'aver&gé of the féecal_pH detéxmin&tions before
thé_oil feeding, has been 1isted under;— "Average faecal pH
of the Prep. Peﬁiod”; whilst the average of the determinations
during the oil feeding period are listed under:-'-"Average faecal
pH of thc Tecst Period'". The drop in the pH is listed separately.

.The drop in the féecal pH is réﬁghly proportional to the
increased dbses of o0il, and very doubtful heaiing by thc radio-
graph and "line test" Waé pooduced by 36 mgms, of this oil,

Healing in this case had no doubt commenced, the faecal pH

-L droppihg 0.63 of a unit. Another rat receiving 50 mgms. had

however no signs of healing, Whilst’lO mgms.'also'produced
negative results. If seems that the minimum amount of oil
required to give pdsitive healing ig about 72 mgms. pcr day fof
a period of six days. For this amount and over i.e. 108 and 126

mgms., positive rosults'WGre obtained. The three methods. of



Teble VI.

Rat 01l ° Dose  Rediograph. - pH. Drop
lrey. Test  Frep. Test in Healing by
period Period zeriod Period. faecal Tine Test.
. pH. ]
72 Harbor- 46 mEms R4+ R4+ 7.49 7,093 None
- Peb., 1928 . {
L 46 " Rt++ R4FH T.49 7.093 0,40 Kone
% om0 92 " R+ RE++  T.49  7.26) None
75 m 192 " R+* REFFT 7049 7.26 } 0.23  Nome
76 " - ".¥84 " R4 RHA4+  T.4L 6;7’7\ Slight signs
_ _ ‘ T about +
77 U " 184 " R+E+ - R T4l 6.77‘ 0.64 Doubtful
' _ ‘ healing

78 Straits of : ~
Georgia  J00 megms R++Healing 741 7.20\’ He%;ing

Apr.,1928 |
79 w0 100, W Ret T A _7.20?0.21 _Hé%:}ing
80 w66 " R++ Ryt 7.41 7.35) S1light

' : : signs?

gL v f60" " Re++HOaling. 7.41  7.35)0.06  Healing
g2 " 20 " REF Rie 7.l 7.38) Doubtful
83 20 © " Ré+  RE++ T4l 7.38 ‘50.05 S]:]':ght

, ) signs
ge a0 v R+~ R+ 7.41 7.50) " Doubtful
85 0 | 10, " R#F REFE T4L 7-.50}0.11 Doubtful
86 Negative  RM+killed 741 -- -~ Moderate

Control : ‘ . rickets
g7 n | R+ Ré++  T.41  7.85 -0.44  Bad

rickets.



Table VII.
 Radiograph plHs.
Rat . 0il Dose - Prep. Test Prep. Test - Healing by Drop in
period.. period period , period "Line test" Faecal pH
88 Negati#e Control‘ R++ - - 7.e7 Moderéte rickets
89 " o R+++ R+++ 7,67 7.68  Bad rickets+4+ ~0.01
20 Cod Liver 01l ' ' - A
Baltry CGrade 20. mgms. R++ R++ 7.67 7 36 None 281
91 m 20, v R++  R++ 7.67 7.36  Doubtful .51
92 m 10+ R4+ R+t 7.67 6.83 None ~.16
9% i "10. .M R++ R++H+ 7,67  6.83 - Nome -0.16
94 " 2, T R++ | R++ 7.67 l7.26 None L4l
95 " 2.7 R++ R+t 7.67  7.26  Neme- - a1
104 " 40. n R+++ Healing Positive healing++
105 " 40, ™ R+ Healing Positive healing++
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Table V111,

" Typical Weight increases of Rats during
oil feeding period.

Rat No., Weight at beginning | ~ Days of oil feeding,
- of 0il feeding period. . 1. 2. 3. 4., 5.
72 & 73 121 - 118 122 122 125 123
74 & 75 : 110 - 109 110 112 115 117
76 & 77 105 104 103 104 105 108
78 & 79 78 76 76 76 78 80
80 & 81 o g4 - 80 80 8L 81 84
82 & 83 : 84 . 84 82 83 85 88
84 & 85 83 - 83 83 85 87 o4

87 \ 40 : 40 41 41 42 43
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‘diagnosis check tolerably well, -

Another sample of'oii from the Prince Rupert Harbour,
February, 1928, gave very doubtful results; even wﬁen fed at
the 1evel of 184 rigris . of'oii per day. An oil obtained
from the livers of'fish caught in the Strdgs of Georgia in
Aprii, 1928, shows a minimumAroquifement for positive healihg
of about 100 mgnms. These results are given in Tablc 6.

Since dog-fish liver oil,lif used at all for its
medicinal properfies would probably bc used primarily as
a poultry oil, it was thought wise to subjéct a sanmnple of
poultry gradc cod liver oillto fhe same method of assay. This
was done, a sémplé being obtained'in the open market.for the
purpose. Thc results are presented in Table 7. This table
shows:that 40 mgmé. per,da& for a period of 6 days 1is the minimum
dose of this oilﬂneceésary for positive healing, This dose is

exactly twice that required for medicinal-grade of cod liver oil.



Fa .: S > -~ - Aol . - 3 - L *
- T o - S - - i R , s ST T - o7,
- - N - . - . R R o @& ;/ . o . -
. v - . - ST - o . -
- 4— , - _ - ~ . - N .
. i ) - . -
] R N ST 4 ' T .
: .- - CT N {
Lo \ PR ., T T ’
e e - - % > \\ . N \,7| ’I ‘
A . - . i N - R . 'y
. SO R D ’ - " B B - LT
e, " .:‘" . Rat ].\IOS. 59 "&‘ ._6.0;»"1- - ~ _: - : - i s Y / ‘7‘1:\‘
L o . . s A ¢ .\’ S i - - * 3
. e ' e S cn b
- N A : ) CLT 1
% . ~ N : s A -
. ‘ - -~ - - - : N - ’
e : S = 7 " .
i ‘ - . ) . - AT PO : . , : , C c
.- B ) ‘e - X .- ) - ’ " ““\}‘ ’),—" oy . o o o R . ~’;§ -
w0 ~Rat Nos. 63 & 64 T S T . "Rat Nos. 65 & 66 P AN
N '.-.\\, . . . A ] - ,‘e’/".’_ﬁ.\"’\._ ) - -1 L vt z
. e — ! ) R . - el . 3 o W R [
- ST TTE . ' ’ . i RN ! .o
. . A » ‘\ R . " -~ '.‘_ - Ky . 1 ’ . \‘\ N \'_\. :
o - . _ iy = —— : S e, =
. . . - L . ] - .. S I - - I ; T T TR B
. - - - S P - - - - - * 2 - ‘ —_— - L - . ; ST r
- Rat . Wos. 67 & 68 ' S e L Rat Nos..69 & 70. e S ‘
. R - . i , '_~ . " N N R - a '
- /’»/'\ ' X ~ i s N . ° ’ ’ . _;'______,.f'—-——.‘; C . '/‘ ] . . =~
o7 - S TN 4 Sen . R S PN T . o . R .
T LS 2Tl N - - e St s SN . " Lo
P - N -— - . - ~ T N . 5 [ - v
M ~ - A N - ~ - - R 4 - Vs .
Lo D . N — ~ - :7 _ - - “_‘ : -
AR - . - _ - - == - = . . T N . § — =
. - - " .. A . . . . N N " ,‘ /. ~ R ~ . . . , - .. ] |
4 Rat Ho. 71~ 7 ot el o - .47 Rat Nos.'72 & 73 . . v L T
LR S SN ‘ «:/\.\ N ' ‘ ' - . - 7‘ - ’ N - S
- IS LT <. ) R - E——— -
- ‘- ,:i'\\/’i- LN e ety - _— . / N
‘ . . R T . ' L LR
i = : " - . ~ ' ! —— S
\ R T - s T ¥
: - ¥ ' Rat Wos. 74 & 75 - T : i b
’ Lo S ; -~ F Rat Nos. 76 &-77-
N . o - I ‘: v “' a ' ~ - ) :
/. e N - - - RS . —
e N T ,'//.’ \\i' - R it ‘——h—»/:’ /\§\ T
2 T N /;/ =73 - . - - ‘ SN
. § 7 — > 7o : D ~
P R - On L . - o N v .
. . o . NI B . - - ’ L,
o Ra‘b ,H‘OS..,J'ZB, & 79 - - ’ T " Rat os. 80 & 81
em v R e A B T s y I o N
t o \r-ﬁ{/ . S L TNl e m T ) , R o -/\\‘
L ‘.' o '--'. < :.\\ .= , ‘-_’f- . N ‘.”"_'N\‘__,:- RN .
A \ ... - < + - t\ \,/ ."/' '7’ .-' : \‘\ ;
. . »‘_'_ P g L= . : .t ~- o i ,’_ . R T N . i Wt oo
i - -, / N v Ty g N . - 3 : . \ .-\ T N v -7 T ‘ N o . > . P DR
- — T Ty WA S 7z, s p R S T = o ) T o b . B .
: 7 .& . Rat Nds. 82°& 83 ool SlLEed L T 0 Rat Nost 84 & 85 T ; S
D . el T T A TRE T AT o oo ) - ‘ " . TR
: . AR - UPARCAT pHs L. b e | ST O
i ~ " 5 - ) N . . . N e ’ o H i B - R . 23 - ‘" ! PEEN s
b ) . Ai-r i . . s S e s Lo LTl s~ ; ' . S -
el . . - . . N - e n e - e el . ;oo e s



w

P

"References.

=

~Brocklesby,H.¥, 1S, Re~t. of the Biological Board
of Canada, No,l4, 1927,
. Bills, C.E.. J.Bioi, Chem. 1927, L:X1l, 751. :
Greerman,M,J., and Dubhring, F.L., Breeding and care
of the Albino Rat for Research Purposes, W1stﬂr
Institute, Philadelphia, 1923.
Bills, C.E., Honeywell E.M., and ManNair,W.A.,
J. Biol. Chem., 1928, LXXV1, 251.
Hartwell, G.A., Biochem.,J., 1925, X1X, 729.
‘Chick, H., korenchevsky,v., and Roscoe,M.H.,, Biochem.J., -
1926 XX, 622, :
. Poulsson, E., and Lovenskiold,H., Biochem. J., 1¢28,
o XX11l, 135.
. McCollum, E.V., Simmonds, N., J.Biol, Chem., 1922,L1,41,
. Bills, C.E., Honeywell,BE.M., and MacNair,W.A., Loc.cit.
10,. Jephcott,H., Bacharach,A.L,, Riochém.J,, 1926,%XX,1351.
11. Pappenheimer,A.M., McCann,G.F., Zucker,T.¥,, Journ.
Exp. Med. 1922, 35,447. - :
12, Steenbock,H.,, Black, A., Diet No. 2965, J, Biol. Chem.
1925, L1V, 263. ’

W o

o

[©2e)
L] >

© W



