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CHAPTER I
INTRODUCT ION
SURVEY OF THE LITERATURE

M&gnesiuﬁ deficiency hae been & problem interesting
research workers for many yearsl, Thus the literature ree
cords many phenomena due to this dietary deficiency: but few
theories have been advenced to explain them.

The physical and chemical properties of magnesium
are well known;fbut less is known of its metabolism. Msgne-
sium is found in meat, cereals, other plant foods and milk
(Stearns 'EOY. Its salts have much in common with the saltse
of calcium: they are similar in solubility; and probably the
seme factors govern the absorption of both {Duckworth and
Warnock '42-43). Like phosphorus, it is & component of soft
tissues as well as of bone; and, with potassium, it furnishes

the cations of the intracellular fluid. Magnesium is also a

1. From Mendel and Osborne in 1917-18, and lLeroy in
1926, reports on magnesium deficiency have been published in
1931 (MecCollum and Orent, Lavollay), '32 (Kruse et al, Lavol-
lay), '34 (Brookfield), 137 (Watchorn & McCance), '38 (Green=-
berg et al, Tufts & Greemberg), '41 (Begks & Furuta), '42
(Becks & Furuta, Duckworth and Warmock,)'43 (Duckworth and
Godden), '44 (Miller), '46 (Patton & Lazovik), '47 (Lazovik &
Patton, Patton), '48 (Barron et al, Bird, Roine et al}, '50
(Lowenhaupt et al, Cosla), with the most recent work being that
of Dick and Prior in '51. .
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component of some members of the B group vitamins; and is
essential to catalyze certain enzyme reactions, sush as that
6f phosphatase (Stesrns '50).

Pearson ('48), Roine et al ('49), Scott et &l ('60),
Colby &nd Cheridéh {'51), and Stoner ('50) have studied megne=
sium simultaneously with calcium, phosphorus ané potessium,
seeking to find the relationship between these important ele-
ments. .

Coleman et al ('50) produced severe rickets in growe

ing rats with diets very low in phosphorus (.005 to .015 %).

Lesions in the kidneys comparable to.thosé from magnes ium
deprivation were obtained by MacKey and Oliver.('35) with diets
excessive in inorganic phosphate. Smith et 21 ('60) investigated
the effeets of potassium deficiency and observed necrosis of '
the mybcardium and dilatation of the renal loops of Henle.

These findings when compared with those of magnesium
deficiency estadlish the very close relationship of these ele=
ments; but as yet no complete picture is available.

The aspect most%thoroughly invest igated is that of the
symptoms caused by magneéium deficienecy. Most authors agree
on the genersl effects produced, i.e., generalized vasodilatetion,
hyperirritability and nervousness ultimately lead ing to cone
vulsions and death. These manifestations vary in severity with
the starting age of the animals under experiment, the degree
of magnesium deficiency, the length of the experimental period

r
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end the dietary level of calocium and riboflavin (Greenberg
et a1l '38)., These factors affect all distﬁrbances'caused by
magnesium deficienoy. |

Singe most regsearch investigators approached the
problem from different sngles, descriptions of various phenome=-
na are recorded; these can widely be classified as manifestoe
tions involving the skin, the nervous system, the bones and

teeth, the viscera, and the reproduoctive system.

THE SKIN:

The géieralized vasodilatation is evidenced by hy-
peremia of the skin. Watchorn and MoCancé {*37) have noticed
1oss of heir in some cases and Barrmet al ('48) described
lesions of the skin "characterized by erythem=, purpural hemo;-
rages and eschars". There was recovery from the skin lesions

with the addition of magnesium to the diet,

THE NERVOUS SYSTEM:

Three research reports mention maénesium tetany (Stearns
'60, Eruse et al '32, and Greenberg and Tufts '38).

Stearns ('50) states: "Although the amount of magne-
sium in blood plasme is normslly small, 1-3 mg per 100 ml.,
tetany has been observed in young animels and is reported to
have occured in & child (Miller '44)f

Eruse et al ('32); and Greemnberg and Tufts ('38) throw
a little more 1ight on this condition by establishing that the
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Syndrome produced by magnesium deficiency constitutes tetany,
and differentiating it from other known types. Moreover,
Greenberg and Tufts ('38) localized the lesion in the pons or
the mid brain. _

Barron ét al ('49) saw chrometolysis and degeneration
of the cells of Purkinje of the cerebellum in rabbits and rats.
Bird ('49) working on chickens described swelling, tigrolysis,
nuclear alterations and failure of the Purkinje cell dendrites

to stain,

THE BONES AND TERTE:

The factors regulating the deposition of magnesium in
bones and its withdrawal have been most thoroughly studied by
Duckworth and Godden ('43). According to these investigators
the skeletal magnesium is highly labile and forms a reserve
eagily drawn on by soft tissues which appear to have priority.
The return of magnesium to bone after depletion is & slower
processa than its removal. ‘

Deficiency of magnesium disturbs caleium metabolism:
in calojum deficiency, when magnesivm is available, magnesium
can replace the calcium of bone to a limited extent. Watcohorn
and MoCance ('37) noted that rats on diets containing magne~
sium four milligramsper hundred grams had brittle bones and
that their teeth were sometimes white and translucemt. The

brittleness in the long bones was most marked near the epiphyses;
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the bones examined were nommal in length but purplish red in
colour. The incisors of albino rats were.brittle and rather
lose in their sockets and occasionally they were chalk-white.
The molaras were outwardly normal.

Dick and Prior ('51) upon histologic examination of
the long bones and joints, noted atrophy of the bone with
replacement by fibxous tissue and deficient formation of bone

and cartilage. The magnesium deficient animals toward the

latter part of the experiment were noticeably smaeller than

their controlss

Becks and Furuta ('42) studiéd the condition of the
teeth when giving a diet containing thirteem:. parts of magne-
sium per million parts of food. They reported histopathologiec
changes in dentin and pulp which increased in severity with ‘
the duration of the experiment. These changes were more pro=
nounced in the constently growing anterior teeth than in the
molars and oonsisted mostly of degeneration and calcification.
They had previously concluded {Becke and Furute '41) that

magnesium is an essential mineral for ensmel formation in rats.

THE VISCERA:

Lowenhaupt et al ('50) described sn inflammatory le-
sion of extremely gemneral distribution, involving loose cone
nective tissues in perivascular locations in magnesium defi-
cient rats. This lesion ocoured within two weeks in the young

rats, In the early acute stage, it is evidenced by & collec-
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tion of inflemmatory cells; it progresses  to necrosis and to
scar formation if the animsl gurvives. In addition,_obstruo-
tive casts of calcium salts are found late in the deficiency,
in the distal pqrtiona of convoluted and collecting rensl tubules.

The onlj reference to liver changes that could be founa
in the 11teratﬁre, is the mention by Brockfield (°'34) of degeners
ative changes which involved the Kupffer cells in the liver of
rats. This finding was not confirmed by greenberg et al ('38),

Degenerative ohanges in the kidneaye héva been reported
by many. Acod}ding to Greemberg et al ('38) the process is
eimilar to that found in nephrosis. In the earlier stages de-
generative changea in the tubules is & more constant finding
then is caleification; which ie later found in the eorticoe-
meduliary gone, in the pyramids, and, at a still later stage,
in the cortex. Greenberg et al (°38) mention also that Cramer
(*32) found marked changes in the kidneys of rats: extensive
degeneration of the tubules end glomerull ‘most marked at the
Junotion of medulla snd cortex, where there were necrosis and
caloareous deposits in the tubules and glomeruli, But Cramer
(*32) also found calcifioation of the controls which wae attri-
buted to excess of vitamin D,

Brookfield ('34) saw similar chenges in the kidneys.
Wetchorn and MeOsnoe ('37) mention that male xats were affectad
more than females after ninety days on the deficient diet. The

subcutaneous and abdominsl fat was diminished; and there were
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"; small hemorrhages in the bladder and stomach of some males.

‘ The appearance of the kidneys was variable, some practically
normal, others grossly abnormal. In two males kidney stones
were present; and there were stones in the bladder of three
males. More recently, Dick and Prior ('61) deacribéd experie
| ments on albino rats in which the deficiency of magnesium
produced in the kidney calcification without inflemmation of
the lower nephron, oceuring particularly at the cortico-medul-
lary Jjunction. This wes always present in their experimental
animals by a8 early as nine days, and elways absent in each

of their controls.

THE REPRODUCTIVE SYSTEM:

An interesting point is brought up by Tufts & Greenberg

(*38) and investigated by Cosla ('50), i.e.: that magnesium
deficiency causes certain disturbences in Pregnancy. Tufts
and Greenberg ('38) in their investigation on the dietary
level of megnesium required in rats, noticed that rats which
on & diet containing Emg/100 g. did not get econvulsions, be-
came hyperexcitable when subjected to the added Stress of
bregnanoy and lactation. Rats about 80-120 days 0ld, were
bred successfully on this diet; ﬁhey gave birth to youngs
normal in weight and magnesium content. But as most of the
mothers either refused to nurse their youngs; and let them

starve, or ate them; only a few survived for a month or more.

[ S
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It was found that these youngs developed magnesium deficiency
during lactation. From this fact the authors concluded that
the mothers' milk was deficient in magnesium, |
Cosla ('50) on the other hand states that magnesium 1is
an element indispensable for conception and prOgreséion of
normel pregnency of rats. He observed that totel absence of
magnesium in the ration of the animal caused an inerease in the
frequency of sterility: or in the case of pregnancy, lack of
normel progression with resorptive abortions The females which
received one-fifth of the nommzl requirement of magnesium could
concelve and go to term: but deliveied oftsprings which were
born dead or diéd shortly after birth. The percentage of
sterility was increased. PFemales which were for an interval of
time submitted to a ration deficient%in magnesium, and then
were placed on & normal ration agaiﬁ, had nommal pregnancies
and delivered normel offsprings. Cosla ('60) attributes these
disturbances in pregnancy to & direct re;atidnship between
magnesium ion and sex hoxmone activity.
Thus as Kruse et al ('32) oconcluded, it has been esta-

blished that magnesium is an essentiasl element for certain

bodily aetivities, growth and life.
PURPOSE OF EXFERIMENTS

From the survey of the literaturs, it is evident that

magnesium, even though & trace element in the body, plays a
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very important role in the funotions of life. We know some of
the manifestations of megnesium deficiency bux we are far from
understanding the whole import of its role.

It seems that two aspects of investigation thus far aia
not receive adéquate attention, namely:

l. Very few observations describing histological changes
in magnesium deficieney have been recorded. 2, Only two reports
conoerning effects on the reproductive systam have been found
(Tufts and Greenberg '38 and Cosls '50).

Thus it has seemed advisable to repeat and extend inves-
tigation along these lines, in the hope of congributing to the;r
better understanding, and rerhaps of suggesting an explanation

for the general manifestations of magnesium deficilency,




CHAPTER IX
MATERIAL AND METHODS

Most of the work done on magnesium deficiency has
been conducted ‘on rats. Since these animals are vefy adppt
to experimentation, and easy to manage and since they were
available to these laboratories, they were chosen for the
bresent investigations. Forty-four albino rats were used

in the course of these experiments,

DIET
. The diet used throughout was the same as that used
by Dick and Prior ('51).
Vitamin-free caseiN.ve.eeeceesecsses 15,
Cocoanut Olleciverievessnnsencacanes 2.
Wesson ot1l T S, 2.
L o e L 77?

Philips & Hart salt mixture®........ 4.

: 1. Since Wesson oil is not sold in this country, it
| was replaced by Mazola oill, the Canadian equivalent.

. PHILIPS & HART SALT MIXTURE:

2 NaCl................ 355. KIIO....O'IO.I...O.. 1.6
u' KaHPO4coo.co.ooo-olo 645. M.DSO4-4H20----..-... 305
'H CBHPO4.............. 1500 . ch12..ooc-o-oo-nooo 0.5
CaCO ‘C9 6 v e L0060 0000 600. CuSO4.5H20.......-.. ) 0-6
Fe citrat@ecececeses 55, .Mgso4.7H20.......... 204,
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Thiamin chloridBeececsssecececsceses
RiboflaviNesaseeesovoonesnnccssanen
Pyrideoxine hydrochloridese..c.coecees
Celolum pantothensteesseeeenscones
Kieotinio acid.....................
OROLliNnGeeeieeerennrsrscsasannasanes
Inositoleseeceotencaciencoconnnansne
Para-amino benzolc 86iGec.sscencces
Vitamin Aveseeecinvsvencnanenneoces
VItAMIN Devioenennenreeannnennnnns,s
Vitamin Beeeesvsooosenoccrnsoconcas

Vit&min K.‘..l.......‘v....l......‘..

0.0003
0.0004
0.0003
0.0010
0.0010
0.1000
0.0375
0.0375
100. units
100, units
0.001
0.001

17

In the magnesium deficient diet, the Mg30,.7Ho0 was

e luced by sucrose. Distiiled water was fed te grll rats

ad libitum.

This diet contains not more fhan 0.65 per cent’
(16.3 mEq/L.) calcium and 0.47 per cent (15 mEq/L.) phose-
phorus (Dick and Prior '51); which is adequate for growth,
but less than that required for production of metastatic

calcification (Barnes '42, Greenberg et al 138).

irol diet contalns 0.0404 per cent magnesium.

The'con-
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NUMBER OF ANIMALS

Five series of experiments were completed.
SERIES I:

This first series was run to verify and adjust the
experimental counditions. Ten young albino rats were divided
into two groups; three males and two females received the
magnesium deficlent diet, three males and two femsles
received the control diet (Table 1). One male on deficient

diet died after twenty-three days, a control was sacrificed

at the same date. The remaining animals were killed after
twenty-eight days of experimentation.

The results proved that the experimental conditions
were adequate, since the pPhysiological angd histological ma-
nlfestations were essentially the same as those described by

Diek and Prior ('51).
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TABLE I
DATA ON ANIMALS OF SERIES I
INFORMATION CONTROL DEFICIENT
Animal No. 441~443-444-445-446 442-447-448-449-450
No. of males 3 3
No. of females 2 2
Initial weights: 88~ 88~ 76~ 56~ 68 72~ 72- 98~ 68~ 64
in gpns,
Av. initial wt. 75.2 g 74.8 g
Final welights 200-148-188-155 94- 78-162-102
in gms.

Av, final wt. 172.7 g 109 g
Approx. No. slides 50 ‘ 50
Tissues studied kidney and liver kidney and liver
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SERIES II;

Bl et

Series II was carried out on nine possibly pregnant

females; these animals having been in contact with males for

SESvEmpE

fifteen days prior to the beginning of the feeding experi-

ment. Three of these were put on control diet for twenty-

R

TRy
SR

five days, i.e. for the whole length of the experiment; the

other six were put on the diet deficient in magnesium at

R EA

different intervals, and for varying lengths of time during

e e

2

the experimental period (Table II). When nof on the defi-

g

cient diet tﬁéy were fed the control diet.

St rd

T oyt s oy
IRARPAL A pher e
;;,..H,,.,.‘. AT

One of the control animals had an abnormal pregnancy
i and was saorificed after giving birth to eleven dead off-
springs. This animal is disregarded in the results of these

experiments.

One control and five deficient animals were pregnant.

ey

S

The control gave birth to eleven youngs; the embryos of the
: deficlent group varied in number and physical condition, in
% proportion to the degree of magnesium deficiency of the

. mothers.

Due to transfer to another department for laboratory
‘ facilities, some of the microscopic slides of the first ang
3 sscond series are not available now. Of the first series,
f? general observations and weight charts are supplied; of the

i gsecond serles experimental data and microscopic slides of

i adult tissues are available (Table 1I1).
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DATA ON ANIMALS OF SERIES II

£ . v
0' _045 ; . g. g
= W -rd +* 43 M o o]
", ~ = = L2 o Qo
— o o o = e~ o/
FRL 2 g § ° % &g
g8 4 §& 2 5 5 85
,3- Z =] [N W =& ~ O
459 254 177¢ 182g ? — 22 kidney=-liver
460 154-10c 204g 220g mo __ 27 Kkidney-liver-uterus
461 5¢~204d 204g 1I75g yés '8 30 kidney-liver-uterus
462 5c-15d-5¢c 173g 228g yes 2 26 kildney-liver-uterus
463 10c=-154 146g 173 yes 9 20 kidney-liver-uterus
46¢ 10c-15d  204g 200g yes 4 25 kidney-liver-uterus
466 25¢ 193g 180g yes 11 3l kidney-liver-uterus
467 25¢ l44g 200g no __ 28 ; kidney~liver

Total number of slides: 209

¢: control of diet
d: deficient diet

465 had an abnormal p
end of the experiment

Teghancy and was sacrificed before the
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SERIES III:

81x females were put on diet after a period of fifteen
days of contact with mesles. Two were chosén as controls, the
other four were put on a Teeding plan quite similar to that of
the deficient animals of series II (Table III). One animal
died four days after being put on deficient diet; the others

vere sacrificed after an experimental perlod of twenty-five

days. Two were pregnent, one on control dlet, the other on

the magnesium deficient diet; the embryos wére.taken at birth,

fixed and prépared for microscopic examination.
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TABLE III
DATA ON ANIMALS OF SERIES III

s s f @
= . 23 s 5 3 28
— © a3 g — o <

T o — o} 1] 3 -g

) o t0 Q
I RN T B B |
5 é ® ~ By A = HO
468 254 282g 2l1l2g no
469 15d-10c¢’ 256g 252g yes 37 ‘transverse cross sections
. of embryos
470  5¢-20d 228g 220g no
472 E5¢ 230g 202g yes 39 transverse cross sectioné
of embryos

473 25¢ 2l2g 232g no

Total number of slides: 76

Cs
d:

471

control diet
deficient diet

died four days after being put on the magnesium deficient
diet.
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From these series, it was concluded that for best
results, diet totally deficient in magnesium should be fed
over the entire period of experimentation; and thaf thé
best method to obtain pregnant females, was to but healthy
mature females in contact with males for a period of fif-
teen days, thus covering two ovarian cycles of the femsles
but not a full gestation period.

The next two series were then conduéted on possibly
pregnant females; the welght of the animals was taken duily,
and the mothers were killed at different intervals in an

atteupt to get the enbryos at different stages of resorption.

SERIES IV

This series comprised thirteen animals; three of
these were fed the control dlet, the ten others, the defi-
cient diet. One of the control animals which showed defi-
nite signs.gf bregnancy vias sacrificed after thirteen days
of experimentation, the deficient mothers were sacrificed
‘woen their welght, after increaaing rapldly, showed a sudden
drop; suggesting posslble resorpt;on. Five of the deficient
animals showed evidence of possible pregnancy on gross postQ
mortem examination, two more were found to be pregnant by
histological examination. For date on the animals of this

. ‘? .
' series, see Table IV.
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DATA ON ANIMALS OF SERIES IV

= .
. O W ]
g 8l 2 g . 2
= o el = o 3 lng
ﬁ (3] o ~ s~
LSRN - I ~ 5] b=
=] O ¥ n cng
4 4% H = & 9 -
< = ~ 2 ja ™ = ™0

o
©

474 174 196g 188g yes ovary~-tubes and embryonic

contents

4738 94 182g 186g no 12, uterine tubes

476 54 164g 1l44g yes 35 uterine tubes and embryonic
contents

477 13d 180g 174g yes 8 ovary-tubes and embryohic
contents

478 164 160g 178g yes 8 ovary-tubes and embryonic
contents

479 154 206g 202g no ¢ tubes

480 13d 194g 178g yes 38 tubes and embryos

481 12d 204g 198g yes 68 tubes and embryonic contents

482 '14d 192z 1753g yes 23 tubes and embryonlc contents

Y R AT,
A RN AR

MO A

483 144 192g 174g no 15 tubes

o T
P T T TN
A R

i

484 . 16c 164g 184g no 16 ovary and tubes

TGP EECRAT G ERTI

485 1l6¢ 170g 198g no 16 tubes

486 1l4c 200g 244g yes 67 tubes and embryos

T

Total number of slides: 342--c¢: control dist--d:. deficfient diet
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SERIES V:

Six females were put with males; of these, only the
ones showing signs of possible pregnancy: enlargement of the
memmary glands and increase in weight, were put»on diet.
There were three of them, two of which were put on the
deflcient diet, the other being put on the control diet. The
control animal gave birth to normal youngs; and embryos were
found in the uterine tubes of one of the deficient animals

(Table V).
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TABLE V

DATA ON ANIMALS OF SERIES V
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488 8d 182g 144g no 17 uterine tubes-ovary

491 124 lgég 2238g yes 12 ovary, tubes and embryos

492 12¢c 204g 2l6g yes 16 ovary, tubes and enbryos

Total number of slides: 45

¢: control diet
d; deficient diet

487-4%9-490 were judged not to be pregnant and were discarded.
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YEIGHT CHARTS
Weight charts, showlng the curveé of welght variations

over certain periods of time, were prepared from the recorded

data and are included in Chapter III.

HISTOLCGICAL TECHRIQUES

The animels were killed with ether, tissues of organs

{ispecified in the previous tables with each series, were fixed
% in Bouln's solution, imbedded in paraffin, cut from 6-10 micra
fthick, stained with haemstoxylin, phloxine‘and orangé G
F:(H.P.O.) end mounted with Permount.

‘ ' Approximately eight hundred slides were prepared.
fXExaminatibn of the slides was made with a Spencer microscope

! X100, x440, x950.
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CHAPTER IIXI
OBSERVATIONS

SERIES I (see Table I p. 19):
GENERAL OBSERVATIONS
The animuls on magnesium deficient diet showed hyper-

emia and nervousness early in the experiment: their ears and

{ tail were of a markedly darker red than the corresponding parts

of the control animals. Convulsive-~like movements were eli-
cited later when the deficient animals were handled to be
weighed. One deficient animal (number 442) died in convulsive
seizure after twenty-two days on defioiant diet.

The coﬁtrol animals ate regularly snd showed normal

behaviour throughout the experiment.

WRIGHT OBSERVAT IONS
The weight curves of the deficlient and control enimels
are comparable to the weight chart presented by Diek and Prior
('51) (see comparison in Chart 1).

HISTOLOGICAL OBSERVATIUNS
The microscopic slides of the animals of this series
not being available presently, let it only be mentioned that
upon histological study, degenerative changes in the kidneys
and the liver of the deficient animesls were found; the chan-

ges being cloudy swelling, calcification and vacuolization.,
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CHART 1: comparison of weight curves of Series I
experiments on magnesium defioienocy, with the re-

sults of Dick and Prior ('51).
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SERIES II (see Table II, p. 21):
GENERAL OBSERVATIONS
Deficient animals

Animal number 459: This animel while with the males

i gained weight repidly and underwent enlargement of the mam-
] mary glunde, thus at the beginning of the feeding experiment
it was Judged to be pregnant. However, it gave birth to no
young. The usual symptoms of generslized vasodilatatiom,

nervousness, irritability and loss of weight were seen; no

convulsiop;was witnessed, On gross post-mortem examination,

the uterus appesred to be congested but there was no evi-

dence of_preghancy.

Animal number 460: This animal never appeared to be

pregnant} and never gave birth to any young. The usual
symptoms of generalized vasodilatation, nervousness, irrita-
bility and loss of weight were apparent as long a8 the animal
was on the deficient diet. As soon as the control diet was
started, the animal ganined weight rapidly, & small nscrotic
spot on one ear gradually hezsled and disappeared; but the
nervousness remained, although slightly diminished, until the
end of the experiment. On gross post-mortem examinstion,
there was intense congestion of the uterine arteries, the
ovaries were hemorrhagic, and there wus no evident discolor-

ation or caries of the teeth,
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Animal number 461: After five days on control diet and

seven days on the deficient diet, this ﬁnimal gave birth to
eight youngs. The total weight of the litter was 38 grams,
Two youngs of an average wéight of 4.5 were sabrificed imme=
diately; two bthers died on the same daj;; another died two
days later; another one disappeared, prbbably eaten by the

jmother. The seventh one was saorificed after a week, its

weight being 6 grams. The last one was allowed to live un-
til the end of the experiment, when it wae sacrificed, at
the thirteenth day of age, its weight then being 1l4.7 gramse.

Animal number 462: After five days on control diet

; snd twelve days on deficient diet, this enimal gave birth to
éztwo youngs which apparently were born dead. Weights of these
; youngs were 3.4 grams &nd 4.4 grams. The mother suffered

% marked hemorrhage about the nares after nine days on the de-

% ficient diet.

Animal number 463: After ten days on the control diet

§ end six deys on the deficient diet, this animal gave birth to
i nine youngs the total weight of which was 38 grams. Three

f were sacrificed the same day, their average weight being 3.25
i grams. Four died; after two, four, six and seven days res-

é pectively. One of the remaining two wes apparently eaten by
4 the mother and tha last one, weighing 7.4 grams, was sacri-

; ficed when five days old. The sites of pregnancy were still
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present in the uterus of the mother and were observed upon post=-

Il mortem examination. '

Animal number 464: After twelve days on the magnesium

?rdeficient diet this animel gave birth to four youngs, two of
%éwhich were aiive und two of which were dead. The dead ones

: were fixed for histological examination; the other two were
eaten by the mother. Upon post-mortem examination of the
ﬁimother, gix masses were seen in the right tube, none were seen
in the left.

i Control animals

Animnl pumber 465: This animal underwent an abnormal

% pregnancy resulting in the birth of eleven dead offsprings.
It 18 therefore disregarded in the results of these experi-

f ments.

vﬁ Animal number 466: This animal gave birth to eleven
:2 youngs after being on the control diet for sixteen days. The
total weight of the litter was 57 gramé. Three were sacri-
ficed on the same day, their average weight being 5.43 grams.
Five days later two were sacrificed, their average weight

of th
being 9.2 groams, At the endﬂé;perﬂment, nine days after birth,
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the total weight of the remaining ones wue 7b6.6 grams, giving

an average weight of 12.6 grems for those six.

Animsl number 467: This animel pad no youngs and

progressed normally on the control diete
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HBEIGHT OBSERVAT IONS

_ The average weight of the youngh whose mother had
been &t some time on the magnesium deficient dlet, was at
birth, 3.7 grams, which is less than the averaéa weight of
the youngs whose mother had been on the control diet. These
youngs welghing at birth an average of 5.4 grams.

: The weight curves of the adult animals (Chart 2)
show that the deficient animazls did not gain weight as rapid-
1y ag the control animals, until the time of delivery. After
delivery, the control animele continued to gain weight while
the experimental snimals lost weiéht.

' As compared with Charfl, which is of non-pregnant
younger animals, Chart 2, shows epproximately the same in-
crease in weight for the controls, exeluding the loss due ;co
delivery. The deficient animals, show a similar gain; then a
levelling of weight as seen in Chart 1; but after delivery,
they continued to lose weight.

The changes in weight expressed in Chart £ occured
more rapidly than those seen in Chart 1l; which may be due to
the fact that many' animals in Series II were pregnant.
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Average weight curves of the animsis of

CHART 2:

"X" marks the average time of delivery.

Series Il.
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HISTOLOGICAL OBSERVATIONS
Deficient animals

Animal number 459: The liver shows'a‘beginning of

distortion of its structure, the portal blocd vessels are
engorged with broken-down red blood cells; and there is a

8l ight periportal fibroblastic infiltration. The rarenchymal
cells show cloudy swelling and swelling of nuclei. Some
fibroblasts are seen throughout; and patches of cells show
intracellular fatty infiltration,

Low power examination of the kidney shows small orange-
staining masses in the cortex, and along the medullary rays;
1 “high power e#amination reveals these to be engorged blood
vescels containing red blood cells in the process of breaking
down. There is an accuhulation of dark-staining nuclei near
some of the glomeruli; there seems to be fibroblastic infile
tration arcund the afferent arteriocle, to such an extent
as to cause compression of Bowmun's cgpsule; causing a2 dimi-
nution of the capsular space on that s8ide; or proliferation
of the epithelium of the cupsule on one side forming a cres-
cent as occurs 1n'glamerulomephritis. There seems also to be
thickening of the endothelial wall of the glomerular tuft,
The cortical arteries show a thickening of &ll their walls.
In & few instances the lumins have actually been occluded by
these thickenings, in whieh cases there is & minor amount

of infiltration of fibroblasts about the vessels. In more
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numerous instances the lumina have not been occluded, however,
in these, there is a profuse periarterial infiltration of

fibroblasts.

Animal number 460 There is engorgement of the blood
vessels of the uterine tubes, with thickening of the walls of
their blbod vessels, Stasis in the arterioleé, with break-
down of red blood cells is also observed.

The liver is hyperemic; the portal veins are enormous-
ly distented with cld broken-down red biood cells. Some cen-
tral véfﬁs are also engorged; and the sinusoids are filled with
blood. Some vessels contain .a pink-staining homogeneous mate-
rial, Very few fibroblasts are noted in the portal spaces.
Parenchymal cells show eloudy swelling, and swelling of the
nuclel; some are breaking down, distorting the usual liver
structure. |

The kidneys show engorgement of the blood vessels im
the cortex and at the cortico-medullary junction; but not as
many as seen in sections taken from animal number 459. There
is also some accumulation of fibroblusts, which here appear
to pe definitely a periarterial infiltration. There is a
generalized distribution of fibroblasts in the cortex and in
the medulla. Also in the medulla there are patches of pink-

staining homogeneous material between the tubules.

SAnimal number 461: There is thickening of the walls
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‘i of the blood vessels of'the uterine tubes. These blood vessels
f are very much dilated; and contain red und white blood cells.
| An acute proceés is going on in the liver., The blood
§ ves.els are engorged; end most of the sinusoids are filled
% with broken red blood cel;s. The parenchymel cells ére‘great-
§ ly degenerafed and cellular debris, broken down nuclei and
% eytoplasm have replaced the liver cords. Very few fibroblasts
3 are seen. Throughout the section there are areas where parenchy-
f mal cells are vacuolated, these areas ocdur very often clogse to
; some blood vessela: giving appearance of fatty infiltration.
Engorgement of numerous blood vegsels -pf the cortex of

the kidney is seen and there is a very pronounced infiltration
of fibroblasts and round cells. This kidney presents & picture
similar to that of the kidneys of all the other def;éient
animals, end for this reason a section from this animal wes
used for figure l; which shows general swelling of the tubular
cells with obliteration of all the lumina of the tubules; and ‘
asceumulation of cells with dark staining nuclei near the
glomeruli., There seems to be fibroblastic infiltration around
the afferent arteriole, which, as desoribed in the observations
on the kidney of animel number 459, exerts compression on
Bowmen's capsule, causing & diminution of the capsular space.
There Seems to be also some thickening of the endothelial wall
of the glomerular tufts.

| Pigure 1 can be compared to figure 2, whiech is of the

E kidney of the control animal number 466. Some degeneration of
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the tubular epithelium is showing in figure 2. This is proba-
bly due to post-mortem changes but the lumina of most of the
tubules are not ooccluded and the cell boundaries can be recog-
nized. The glomerulus appears more compact, thefe is no
accumulation of cells near it and the capsular space is present

and regular.

Animel number 462: Engorgement and thickening of the

walls of blood vessels of the uterine tubes are observed;
many white blood cells ere seen in the endometrium.

The parenchymal cells and nuclei are swollen, giving
q & very compact appﬁarance to thé liver structure. Fibroblasts
A“ and small cells wifh dark nuclei, most probably lymphoeoytes,
are seen throughout the section.

There is some engorgement of the blood veesels in the
cortex of the kidmey:; and moderate generalized infiltration
of f£ibroblests in the cortex and medulla. A slight inorease
in number of fibroblasts is noted about the afferent arteriole
but it is difficult to demonstrate & definite periarteriolar
infiltration at this point.

Animel number 463: There is engorgement of the blood

vessels and thickening of the wall of the artericles of the

uterine tubes.

The liver structure is greatly distorted; thq portal

spaces are very obvious, because of the dilated portal veins.
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These portal spaces aie also infiltrated by a prink-staining
vacuolated material, and some fibroblasts. The rarenchymal
cells exhibit cloudy 8welling. Their nuclei are swollen and
granular; and some have a great amount of fatty inclusibns.
Occasional_fibroblasts &nd other small cells with dark nuclei
may bve notéd between the parenchymal cells closs to the portal
spaces, ADéspite this disrupted architecture, the central
veins may be made out in a few instances; and they are une
remarkable, excepting for the colleotion ebout them of fibro-
blasts and small cells with dark nuclei;

'ﬁrofuse engorgement of bloocd vessels in the cortex
and medulla, as well as in the glomerular tufts, is seen in
the kidney. There 1s a slight generalized infiltration of
fibroblasts; but no apparent reriarterial localization. .

Animal number 464: Broken-down red blood ceils are

seen in the engorged biood vessels of the uterine tube.

In the liver, most blood vesgels are engorged with
old blocd. There are many vecuolated cells, other paren=
chymal cells exhibit cloudy swelling to the point of obli-
terating most sinusoids thus greatly distorting the liver
architecture, Fibroblasts and small cells with dark staining
nuclei are seen throughout the section. This picture of the
liver is characteristic and essentially the same as geen in
previous deficient animuls and therefore, was used for illus=

tration as figure 3, which can be compared with figure 4,
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The latter shows & section of liver taken from the control
animal number 467, and it illustrates the appearance of a
normal rat liver in which a blood vessel, perenchymal cells
and sinusoids esn be recognized. |

There 1s some engorgement of blood vessels in the
cortex of fhe kidney. In the medulla, there are small patches
of blood in the tubules or engorgement of small dlood vesgels.
There is generalized slight infiltration in the cortex, with
dense patches; but no definite periarterial distribution.

Control animals

Animal number 466: A more even generel distribution

of blood is encountered in the uterine tubes, liver and kidneys
as compared to the deficient animals.

The liver structure is intact aund a miocrophotograph of
the kidney was used as figure 2 to be compared with that of g
deficient kidney. The glomeruli are more compact and there is .
no infiltration of fibrodblasts or round cells. The tubular
cells show some degeneration which ié probably due to pdst-

mortem changes.,

Animal number 467: A section of this animal 's liver was

used in figure 4 &s & eontrol teo be compared with the micro-
rhotograph of the deficient animal's liver. Both liver and

kidneys of this animal presented no sbnormelities.
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# BERIFS III (see Tadble III, p. 23)
GENER:L OBSERVATIONS

| Deficient animals

; As seen in previous series, the animals on the defi-
cient diet showed vascdilatation, 1rritability, nervousness
end loss of weight. In addition, animal number 468 had
marked hyperpnea, discoloration of the fur around the mneck

and 4djiarrhea,

After eight days on the magnesium deficient diet,

B pee

enimal number 469 geve birth to eight youngs, two of which

.
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were dead. The two dead youngs and & live one were taken
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immediately for histological preparation. The average weight
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of the youngs wus b.3 grams. Their skin was very dry and,

TeHITLYR

plicatured.

Upon gross post-mortem examination, the deficient
adult animals were seen to have sn increased amouny of peri-
tonesl fat a8 compared to the control snimals.

Control enimsals

_ The controls behaved normally throughout the experi-
; ment. Animal number 472 gave birth to seven youngs, all of
which were alive and of healthy appearance.

Two were taken to be prepared for microscopic exame

ination. Their average weight was 5.5 grams.

~

PR Rarey;
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*EIGHT OBSERVATIONS

The weight curves of the adult enimals of this series

ff as seen in Chart 3 show the characteristic gain of the control
. animal with a sudden drop at the time of delivery,

The. experimental animal 's curve showran initial slight
loss, then a sudden drop due to delivery foiiowed by a gain,
;l which is mosgtly due to the increase in weight of animal number
460. This animal seemed to recuperate somewhat after delivery.
The following loss is due to animal number 468 and animal
number 470; which at thaet time were markedly affected by the
deficieno&. The last.g&iﬂnis again due to animal numberxr 469;
fi‘which by then was on the control diet (see Table III, p; 23).
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HiSTOLOGICAL CBSERVATIONS
- Transverse cross sections of two whole embryog were
examined ; one from deficient mother number 469, the other from
control mother number 472,

Deficient embryo from animal number 469: The skin is

highly keratinized, the epidemmis is heaped into papillary-
like projections (Figure 5) in contrast with the moderate
keratinization and flattened epidermie of & control embryo
(Figure 6). |

?here is calcification of the vertebra {(Pigure 7) and
of eomevéf the ribs. No such caleification is encountered
in the control (FPigure 8).

| At the periphery of the heart muscle, there is an
engorgement of the capillaries Jjust underlying a thickened
visceeral pericardium overlying whieh is & hemorrhagic exudste
(Figure 9)s Embryo of a control animal (Figure 10) does not
exhibit such changes.

The microscopic appearance of the lungs suggests a
diminution in size of the alveoli; the inter alveolar septs
being greatly thickened and irregular with break-down of the
lining cells (Figure 11); these changes are obvioﬁs’when CcOm=
paered with the lung of & control embryo (Figure 12). All the
layers of the wall of the bronchioles are in a state of dege-
neration with fragmentation of the cells: the blood'veéaela

are engorxged with degenerating red blood cells and 8ll the
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1ayers of their walls are thickened by degenerating cells,
There are free red blood cells in the rleural space,

The liver architecture isg markedly altered, the
organ being greatly congested. The sinusoids are intensely
engorged causing distortion of the liver cords. The central

veins are dilated and filled with blood cells which in some
places invade the liver tissue. Thers is picnosis and karye
olysis of the parenchymal cells., There is & generalized
infiltration of white blood cells and.macrophages in the
organ (Figure 13). Figure 14 of control embryo from animal
number 472 serves for comparison.

There is degeneration of the tubular epithelium of
the kidneys with escape of the cytoplasm into the lumen.

Control embryo from animsl number 472: The 8kin is

keratinized (Figure 6) but lesa then thet of the embryo of
deficient animal number 469 (Figure 5). There is no cal&ifi-‘
oation of the vertebre (Figure 8) and ribs; there is & more
even distribution of blood to the heart wall (Figure 10)

than there was in embryo of deficient animal number 469
(Figure 9). The lungs do not look so compact (Figu;e 12);

the inter alveoclar septe are thinner and the iininé cells are
intact. The walls of the bronchioles are also iﬁtact. The
liver cells are organized into & normal liver architeéture;
there is no engorgement of the blood vessels and tﬁe_parenchymal
cells are not degenerating (Figure 14).
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SERIES IV (see Table IV, p. 28):

GENERAL OB&EHVATIQNS
Deficient animals

Animal number 474: This animal was put on the megnesim
deficientfdiet. Six days later signs of nerﬁousneas #nd hyper-
emia were present. It was sacrificed after being on the defi-
cient diet for fifteen days. The ablomen contained & lot of
soft fatty pinkiah tissue; emall dark messes were present in

both tubes.

Animal number 475: At the beginning of the experiment,

this animai welghed 182 grams and gave no evidence of pregnancy.
Signs of hyperemia appeared five days later. This animal was
saorificed after being on the deficient diet for eight days;

the abdominal muscles were in fair shaps. There was no evie
dent pregnancy but the uterine tubes ﬁere very congosted there'

were some sm&ll skin ulcerstive lesions.

Animal number 476: At the beginning of the experiment

this animal seemed to be in advanced pregnuney and weighed 164
grams ; during.fhe first days on the diet, she lost 18 grams,
then 4 grams; then grined 6 grams and again lost 4 grams, making
& total loss of 20 grosms over a period of five days. At this
point, the animal wuzs sacrificed. The skin was thin and soft,
.the abdominal muscles were very soft as if in a preiiminary
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; state of decomposition. In the abdomen, the intestines and

tubes were all imbedded 4n & soft mass of rale fatty pinkish
tissue, the uterine tubes were hard to find except on the

enimel's left side where there were two prominent messes,

Animal number 477: This animal was put on the magne-

sium deficient diet; 1t soon had diarrhea and five days after
the beginninglof the experiment, it showed nervousness snd

some hyperemia. Four days later, it had diarrhea again and

was saorificed after twelve days on the deficient diet. The
tubes were emall, there was little evidence of pPregnancy on
gross examination, but later, ﬁistological examination revealed
the preseneé of pregnancy. Some soft fatty pinkish tissue was

in the abdomen,

Animal number 478: This animsl was rut on the megne-

sium deficient diet; five days later, there were signs of

nervousness and hyperemia, eleven days later, this animsl was
sacrificed having been on the deficient diet for sixteen days.
Some fatty pinkish tissve was present in the abdomen and very

small masses were seen in both tubes.

Animal number 479: This anim.l was put on the magne-

. 8lum deficient diet and soon afterwards had diarrhea and
| hyperemic congestion of the eyelids. Five days after the

- beginning of the experiment, there was marked hyperemia and
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an ulcerative lesion of the skin behind the ear; four days
3 later, the palpebral lesions were markedly aggravated, and the
| animal was sacrificed six deye afterwards. SMe was in a
debilitated state, there were lesions of the gkin around the
f{ nack, the nose was running, the eyelids were red and scally,
the mnsoleé were vory soft, the uterine tubes were very smell

and there was no evidence of pregnancy.

Animal number 480: This animal also showed nervous-

;g ness and hyperemia five days after being put on the deficient
diet; it was sacrificed twelve days after the beginning of the
experiment having lost sixteen giama. The tubes were congested

and contained developing embryos .

Animal number 48l: This animal was put on the magne=-

sium deficient diet and showed some hyperemia and was excitable
five days later; she was sacrificed after eleven days on the

deficient diet and some small masses were seen in the uterine

1

tubes,

Animal number 482: This animel was put on the defi-

cient diet and showed nervousness and hyperemis five days later;.
on the Pleventh day of the experiment, she bled on the food dish,
This animal lost weighit during the first four days because of
lack of water, the pipette being defective. ©She was sacrificed
after thirteen days on the deficient diet; the skin was tough,
the tubes congested, three small separate masses were in the

left tube, no inclusions were evident on the right side.
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Animal number 483: This enimal was put on the nagne-

sium deficient diet and showed nervousness and hyperemia after
five days; on the sixth day, the ekin of the end of the tail
was ripped off whentrying to catoh the animal - for weighing,
the rat ate the uncovered rart of the tail. fThis animal was
sacrificed after thirteen deys of experimental feeding. There
was & modéiate amount of fatty soft pinkish tissue in the
abdomen, there were no evidence of pregnancy and no gross
abnoxrmality. | |

Control animals

Aﬁimal number 484: This animal was put on the gontrol

diet and progressed normelly. She was sacrificed after fife
teen days: there was no evidence of pregnancy and the tissues

were normsl.

Animal number 485: This animal was prut on the control

diet and sacrificed fifteen duys later. The tissues were

normal, the tubes were small and there was no evidense of

pregnancy.

Animal number 486: This animal was put on the control

diet and sacrificed thirteen days later. She was Pregnant,
the tubes were transparent and vascular and contained well

developed embryos.
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W5 IGHT OBSERVATIONS

The weight curves of animals of series IV are recorded
in Charts 4 and b.

Chart 4 expresses the average resulte, the control
animals gaiﬁing weight and the deficient animals losing weight,
The initial loss of all animels was due to the fact that the
animals did not eat well during the first few days of the
experiment while they were getting accustomed to the new diet,.

Chart 5 shows the weight curves of the pregnant animals
only; the:bariation in weight being much more rémarkable than
those] Chart £ which 1s an average of all the animals of Series

IV, whether pregnant or not.
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Average weight curves of the

CHART 5:

‘pregnant animals of Series IV.




OBSERVATIONS 54

HISTOLCGICAL OBSERVATIONS

Deficient animals

Animal number 4%4: The uterine tube is congested, in

some portions, there are inflammatory changes in the endome-
trium with accunulation of inflammatory cells and edems fluld

in the lumen, other portions show fatty degeneration of the

myometrium,

At the junction of the uterus and, placenta there
is an accumulation of cellular debris; inside the tube is @
necroticlmgss; there is stasis in the engorged blood vessels
in the placenta (Figure 15) with'break-down of the red blood
cells and reléase of plgment. This is not encountered in the
placenta of control animals as is illustrated in the micro-
;: photograph of animal number 486 shown in Figure 18.

In one site of the tube, a recently implanted embryo
was found (Figure 17). The placenta shows engorgement with,
i and break-down of red blood cells, with resultant mucoid de-
. generation of the animal pole.

The ovary contains many engorged blood vessels.

Animal number 475: The uterine tube has engorged blood

¢ vessels, and is empty.

Animel pumber 476: The uterine tube shoms marked chane

'i geé, the blood vessels are engorged and their walls are thicke

% ened by an infiltration of fibroblast and white blood cells.
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These inflammatory cells are spread throughout the myometrium
which also shows fatty infiltration and in some places con-
tains edema fluid. Numerous eosinophils can bs seen through-
out the uterine wall; within the tube 1s a necrotic msss

which shows sons calcification. This animal also has some

encapsulated tumors, cyst adenoma with slgns of maligoancy,

originating probably from the ovary.

Animal number 477.

The uterine tube contalng engorged
blood vessels, and many eosinophils and white blood cells are

B inveding the connective tissue; inside the tube are debris of

degenerating placenta. The ovary has engorged blood vessels.

Animal number 478:

The tube has engorged blood vessels
¥ and contains edema fluid in some reglons and necrotic mass in
? others. The placenta is degenerating and contains many pig-

3 mented cells, there is edemstous degeneration of an early embryo;

The ovary has engorged blood vessels (Figure 18},
= glving a plcture comparable to the ovaries of all the other
g'deficient animals. Ovaries of control animals (Figure 19)

i show no such engorgement.
b

Animal number 479: The uterine tube is small and not

If bregnant, 1ts blood vessels are engorged (Figuwe 20). This is
~£ 8 picture similar to that of the tubes of all the deficient

%

il animals. The uterine tubes of controls (Figure 21) show lack

of vascular engorgement .
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Animal number 480: The tube in non-pregnant area has

engorged blood vessels and extra uteriﬁa hemorrhage.

The embryo in the tube is showing early organization,
esophagus and trachea can be recognized with a‘beginning of fore
metion of thyroid, the blood vessels around the spipal cord are

engorged. The muscle formation seems to be somewhat retarded.

g The liver contains engorged blood veasels, the veins and sinuse
olds are dilated and contain broken down red blood cells, the
itrabeculae are spread apart and there are areas of necrosis and
E infiltration of eosinophils and lymphocytes. There seems to be

some retardatipn in the developument of the alimentary canal.

Animal number 48l: The uterine tube has engorged blood

vessels and ccntains many embryos in various states of degene-
ration. The embryonic tissues show first engorgement of the

blood vessels then break-down of the red blood cells and pro-

r duction of a colloidal fluid which spreads into the tissues. At
fthe same time there is infiltration by inflammatory cells, lym-
;phocytes, eosinophils, macrophages and Tibroblasts; the placental
fcells break down and there is then only a necrotic mass inside

¥ the tube, which itself shows degeneration of the myometrium.

Animal number 482: The uterus has engorged blood ves-

' sels which have greatly thickened walls, a large hematoma sepa=
rates the foetus from the uterus, there is vacuolization and de-

generation of the placenta and embryonic debris were seen.
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Animal number 483: The empty wterus has engorged blood

{ vessels and some white blood cells infiltration is detected in

the connectlve tisgsue.

f Control animals

Animsal numbsr 484: The uterus is normsl in appearance,

? there are no engorged blood vessels like there were in the

i tubes of the deficlent animals, the ovary is not congested,

Animal number 485: The tubes present normal picture,

Z there is a regular distribution of muscles, glands and blood
% vessels. Figure 21, a microphotogreph showing the uterine tube
| of this animal can be compared with Figure 20 which shows the

f uterine tubes of a deficient animal.

Anlmal number 483: The tubes are normal and contain

E well organlzed embryos. The ovary appears normal (Figure 19)
§i and is not engorged as were those of the deficient animsls, an
b example of which can be seen in Figure 18,

The skin of the embryo is not as keratinized as that of

;;the deficlent embryos, and normally developling salivary glands

; are seen. The liver is well organized, the kidneys are in form-
éfation but even at this stage, there 1s no cslecification of the

: vertebra.

: The placenta (Figure 16) presents normal structure anﬁ

% is vascular but not engorged as shown in Figure 15 which is the

g pPlacenta of a deficient animal.
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SERIES V (see Table V, p. 27);

GENERAL OBSERVATIONS

Deficient animals

Animal number 488: After a period of fifteen days

with males, sﬁowed en increase in weight which hinted to the
possibility of pregnancy, she was then placed on the nagne-
slum deficient diet and was sacrificed after elght days be-
cause she was suffering from diarrhea and had lost 38 grams
since the beginning of the experiment. There was no evicence

of pregnancifon gross posi-mortem examination.

Animsl number 49l: This animel vias but on the defi-

cient diet and was sacrificed after =leven days. Upon gross

post-mortem examination, embryos were seen in the uterine tubes.

Control animal

Animsl number 492: This animsl was fed the control

: diet and delivered after eleven days. -

WEICHT OBSIRVATIONS
The welght curves of these animals are illustrated in
i Chart 6. The control animal shows the characteristic gain
; interrupted by delivery whilse the loss of weight of deficient
g animal number 488 is masked by the gasin due to the ﬁrogrea-

% sion of pregnuncy of deficient animsl number 491.
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HISTOLCGICAL OBSERVATIONS

Deficlent animals

Animal number 488: The uterine tube has engorged blood

vessels, there is thickening or the wall of the arterioles and
hemorrhage into the uterine tube; there is no embryonic¢ nor

placental tissus.

Animal number 491: The uterus has engorged blood ves-

sels and contains necrotic placental and e@bryonic tissue,
Thq embryc's skin is keratinized and its bloogd vessels
are engorgéé. The liver_is congested distorting the liver
archltecture, there is an infiltration by white blooad cells.
The kidnéys are underdeveloped and contain many fibrocytes.

There seems to be retardation of muscular development.

Control animal

Animal number 492: All the youngs ere normal in appear-

ance, well developed and their skin is properly keratinized
without signs of overkeratinization, so characteristic for
embryos of deficient animsls. Liver and kidneys exhibit proper

and :
development:regular structurs,
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GENERAL RESULTS FROM SERIES I - V:

Hyperemia, irritability and nervousness were observed
in 81l deficient animals., Only a few were seen in'a convul-
sive state. Some had hyperpnea and ulcerstive skin lesions
were noted afound the ears and neck of a few., These signs
appeared after approximately five days on the deficient diet,
all the symptoms except nervousness disappeared when the ani-
mals were fed the control dlet.again.

The histologlecal examination of the tissues revesled

generalizéé inflammatory changes ‘in the deficient animals
with engorgement of the blood vessels, thickening of their
wells, bfeak-down of the red blood cells and degeneration of
the parenchymal cells of "the liver and of the kidneys. No
calcifications were observed in the kidneys but there was
early calcification of ths vertebrae and ribs of the embryos
of deficient mothers.

The uterine tubes and ovaries 6f the deficient ani-
rnals exhibited engorged blood vessels.

Embryos were observed in different stages of degene-
ration. Uterine tubes in which éarly embryos were found

showed & necrotic mass which in some instances degenerated

to the point of liquefaction. More developed embryos showed

engorgement of blood vessels and retardation in the development
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of the muscles, alimentary canal and kidheys. The liver

was degenerated.
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The average welght 6f the youngs of deficient mothers
was lower than that of the embryos of control mothers. |

From the vielght curves shown in the six charts, it is

3

evident that the adult deficlent enimals did not progress nor-
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CHAPTER IV
DISCUSSION

Ever since it was established by Osborhe and Mendel
('18) and Leroy ('26) that magnesium is essential for animal
life, investigators have probed the question of magnesium
deficlency and desckibed its symptomatology so that now,
it 1s accepted as = specific entity. Few theories however,
have been advanced to explain the physiologlcal basis for
the symptoqs.

Kiuée et al ('32) mention the possibility of ionic
aisturhanoes as the cause of local nervous irritation. This
seems pléusible and could possibly be extended to explain
the whole picture. From the Tindings of the expeftiments
described above, it seems very probable.

Magnesium is an intracellular cation. Its lack causes
fluid and ionic imbalance., A change in concentration of magne=-
sium affects the ions of calciunm and pﬁosphorus (Forbes '31,
Duckworth and Godden '43, and Stoner '50), Moreover, magne-
sium is an integral part of alkaline phosphatase (Roche et al
'50); and thus is needed for the completion of all metabolic
reactions involving phosphatase.

Magnesium dériciency could therefore manifest itself

in many ways, impairing the general metabolic processes,
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The ionic imbalance also probably causes acldoslis; which dis-
rupts the metabolism of the célls and, to a certain degree,

damages them.

HYPEREMIA
Another'fact mentioned previously is that of local
irritation ﬁo the nerve endings in the tissues (Kruse et al
132), which probably is the initiating cause of the dilatation

of the blood vessels. This generalized vasodilatation could

cause a lowering in blood pressure; and with a reduced flow of

blood, staéhant anoxia would develop (Barecroft '20)., The

lack of oxygen in turn would lessen tﬁe arteriolar tone (Fulton
'47) thus leading to further dilatation of blood vessels; and
initiating a vicious circle, preventing all conpensatory ef-

forts of the body.

MANIFESTATIONS OF THE NERVCUS SYSTEM
The ccncept of anoxias seems very reasonable, since

the nervous symptoms, observed as being specific to magnesium

deficiency, are the same as those of anoxla, i.e. occasional
hyprepnea, irritability, nervousness and convulsions. These

Symptoms have been observed in the course of the experiments

and are described in the chapter on observations. In the 1i-
terature, hyperpnea is mentioned by Watchorn and McCance('37),
irritation,- nervousness and convulsions by Kruse et al ('32),

Watchorn and McCance ('37), Greenberg and Tufts (138), Barron etal

('48) and Dick and Prior ('51).
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These symptoms are indicative of malfunction of the

central nervous system; and in fact, in cases of megnesium
deficliency, Barron et al ('49) and Bird ('49) degeribed
chromatolysis and nuclear alterations of the Purkinje cells
of the cerebellum; and Greenberg and Tufts ('38) localized
lesions in the midbrain ang the pons.

Heretofore in this discussion, hyperemia, irritabili-
ty, nervousness and convul sions have been related to ionic ime-
balance; the hyperemia being initiated by the ionic imbalanoe
in turn causing anoxia which results in central nervous system
disturbances.

That the nervous symptoms are Seccndary ty brain

damage 1s illustrated by the fact that animsls having sufferegd
from megnesium deficlency and then being fed the control diet,
recover from other Symptoms but not from the nervousness; as
described in’ Chapter III especially in anima}l number 460 of
Series IJI. )

4 similar observation was made by Barron et al (r48).

SKIN
The next symptom observed is that of ulcerative skin
% lesions mostly about the neck and ears. These healed with the
return of megnesium to the diet. Similar results were observed
‘ by Barron et al (*48) but no explanation of this phenomenon

f was attempted.
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It appears to be a local reaction which can be explained
by oxygen lack causing a lessening in the arteriolar tone,

vhereupon the arterioles becume engorged, stasis sets in, the

red blood cells break down, and necrosis of the areea occurs.
Additlon of magnesium to the diet wculd reestablish the ionic
baience, the blood flow wculd be restored, fluid balance im-

proved snd the demaged tissue would heal.

LIVER

The changes in the liver except for one observation by
Erookfield%('ﬁé) who described degeneration of the cytoplasm
and nuclel of wmany liver cells, have been omitted by the in-

vestigators of magnesium deficiency.

The engorgement of all the blood vessels in the liver
as described in Chapter III seems to be part of the generalized
vasodilatation; but since the hepatic veins are SO engorged,
there 1s also the possibility of heart failure; which fits
well in the picture of anoxia, as do the histological findings
of distortion of liver structure with damage and degeneration

of the parenchymal_cells and infiltration of fibrocytes and

white blood cells.

EIDNEYS
The kidneys are also the site of extenslve degenera-
tion, due to the fact that the kidneys, because of their role

in the maintenance of the fluid and acid-base balance, are
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overworked; und also, poorly nouriahed~due to diminished cir-~
culation of blood. Histclogically, the kidneys are the only
site where the findings of the present study d;ffer from

those described in the literature. Caleification which is
nentioned by Watechorn and MeCance (*37), Greenberg et al ('31),
Lowenhaupt et al ('50) and Diek and Prior {'51) was not
observed in the kidneys dufing the present experiments.
Greenberg et al ('38) however, state that in the earlier
stages, degenerative changes in the tutules are a more
constant finding than is calcificat fon. They also mention
that animals fed on a diet containing less than 1.0mg per cent
of magnesium lived for only twenty-five to ghirty days. In
these cases renal damage was observed in a smaller number of
animals and in a less severe form than in animels given a

somewhat larger allowance of magnesium and who therefore lived

a longer period of time.

The observati.ns described in Chapter III are those of

degeneration, it is reasonable to think, that these experiments
were of too short a period and of tooc low a content of magne-
sium to have produced calcification., The length of thése
experiments was burposely made short for the purpose of

obtalning embryos at different stages of development.
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OVARIES aMD UTERINE TUBES
The ovaries and the tubes were'seen histologically in
the present study to be much engorged with blood in accordance
with the general vasodilatation. No descriptién of ovaries
and tubes is-available in the literature on magnesium defi-

clency.

E¥BRYOS

VSince the diet used in the experiments was totally
deficient in msgnesium, as was that of Cosla (150), the embfyos
were the ré;ults of disturbed pregnancy and the experiments of
Serles II, II1, IV, V, were 1n complete accord with Cosla's
(150) fiﬁdings. Magnesium is an indispensable element for the
normal progression of pregnancy in rats. The results, howéver,
are at variance with the findings of Tufts and Greenberg ('38)
who used diets containing 5mg of mggnesium per 100 grams;
they did not observe changes in the progression of pregnancy
but the Y8ungs of their animals developed symptoms of magne-~
sium deficiency during the suckling period.

Since all animals in the experiments of the present
study were put on the deficient diet oniy after conception,
the need of magnesium for conception was not verified, and
the mothers having been put on the dericient diet from one to
fifteen days after conception, embryos affected at different

stages of development were observed. The number and condition
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of the offsprings seem to be directly dependent upon the de~
gree of magnesium deficiency of the mothers.

Cosla ('50) does not record any histological descrip-
tlion; his observations were statistical bused §n vaginal smears
and count and on gross observation of the foetuses. ﬂ

Different stages of embryonlic degeneration have been
observed histologically in this study. In the cases of resorp-
tive abortion, from the histological observations of the tubes
and embryonic contents, it may be postulated that the hyper-
emia and dégeneration of the tube_led to subsequent degenera-
tion of placenta as described in Chapter III. This would be
responsible for the death of an early embryo. The injury to
the placenta affects the nutrition of the embryos; the blood
cells breaking down in the engorged vessels of the tube and
placenta deprive the embryos of nourishment and cause their
death.

Other stages of degeneration were seen in older embryos,
the mothers of which had been put on the deficient diet at a
later stage during their pregnancy. The placenta even though
degeneréting, because of its greater size provides enough blood
supply for a longer survival of the embryo. Also, 8n older
embryo has its own reserve of magnesium which when depleted
causes the same dlsturbances as in the deficient adults. This
results in the dilatation of the blood vessels of the embryo

which leads to retardation in development and distortion of the
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giructure of organs such as the liver,

From the degree of damage as révealed by histological
study of the uterine tubes and embryos, it would seem that the
disturbance in embryonic development is secondary, due to the
hyperemic state of the uterine tubes of the mother. fbe sorpora
lutea of pregnancy do not Show appreclable chenges and this
does not support Cosla's ('S0) assumption of a direct relation
between magnesium ions and sex hormone activity, as far as the
corpora lutea are concerned. The sterility observed by Coela
('50) in deficlent animals cbuld be due rather to the disturb-
ance in the blood supply of the ovaries and tubes in the
deficient animals, than direct dction on sex hormone activity.
It woqld be interesting to investigate further on ?his
problem and to study the ovaries and endometrium of deficient
animals at the different stages during the ovarien cyocle, in
correspondance with bilochemical studies of the sex hormones

present. :

NMETABOLIC DISORDER
Magnesium deficlency producing ionic imbalance, defi-
ciency of activity of alkaline phosphatase produces a circula-
tory distﬁrbance which in turn gives degenerative changes in
tissues and especlally purenchymatous organs. As the reaction
to the tissue injury, infiltrations by fibrocytes and. round

cells are encountered in liver, kidneys, placenta and around
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the blood vessels. Fatty infiltration in the liver, uterine
tubes and mucoid degeneretion in the tﬁbes and placenﬁa are
obsg;vgd. | !

The injury to the parenchynatous organé and dhisturban-
ces in circulation produce. in turn metabolic changes as illus=-
trated by the weight charts.‘ These mefabolic'changes, their
scope and meaning did not receive as yet full attention and
appreclation. Therefore, with the help of modern scientific
meens, 1t seems that it wouid be most interesting fo-ihvesti-
gate the pgySiological conditions; such as pH, oxygeh and
carbon dioxide contents, of the blood in the animals deprived
of ‘magnesium and to compare the findings with those of other
importanﬁ ionic deficiencles, especially those of botassium,

calcium and sodium,



CHAPTER V
SUMMARY AND CONCLUSIONS

1. Five series of experlments wore gonducted on
forty-four albino rats. The experimental diet was totally
deficient ln magnesium; the control diet was the same as the

experimental diet supplemented by 0.,0404 per cent magnesium.

2. All the deficient animals showe§ signs of irri-
tabllity, nervousness and hyperemia; some slso had hyperpnea,
diarrhea aﬁd.skin lesions. These signs appeared afier appro-
ximafely five days on the deficient diet, all the symptoms

except nervousness disappeared when the animals were fed the

control diet again.

3. From the welght curves it is evident that the

deficient animals did not progress normally.

4. The histological examination of the tissues

revealed generalized inflammatory changes in the deficient

animals with engorgement of the blood vessels, thickening of

their walls, break down of the red blood cells and degene=

ration of the parenchymal cells of the liver and of the kidneys.
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S. Pregnant females on the deficient diet, either
resorbed or gave birth to &4 lesser number of offsprings than
those on the control diet, some of the yoﬁngs weré born dead
and, in general, the average weight of these was lower than
that of the control embryos. hen the deficient diet was
started at a late stage of Pregnancy retardation of fetal
development was éncountered andg histological slgns of magne-
sium deficiency similar to those of the adult snimals were

seen in the embryos,

6.‘>The suggested conclusibn is that magnesium defi-
clency prqduceé primery ionic imbalance with alkaline phos-
phatase inhibition which leads to g Séquence of changes _
namely: vasocdilatation, bhyperemia, tissue anoxia, degenerative

and infiltrative tissue injury with fipal general metabolie

disturbance.



BIBLIOGRAPHY

BARCROFT, J., 1920 Anoxemia, Lancet, 99:485-489, ‘

BARNES, L.L., 1942, The deposition of ﬁaleium in the hearts
and k;dneye of rats in relation to age, source of
oalqium, exercise and diet, Am, J. Path..';§:41-47.

BARYON, G.P., PEARSON, P.B., and BROWN, S.0., 1948, Megnesium
deficienoy in sexuslly mature rat. Proc. Soc. Exper.
Biol. & Med. 69:128-130,

BARRON, G.P., BROWN, S.0.,, PEARSON, P. B., 1949, Histological
mangfeatations of & magnesium deficiency in the rat and—
rabbit, Proc. Soc. Exper. Biol. & Med., 70:220-223,

BECKS, H., and FURUTA, W.J., 1941, Effects of magnesium de-

ficient diets on oral and dental tissues: changes in
enzmel structure. J. Am. Dent. Ass., £8:1083-1088,

BECXS, H., and FURUTA, W.J,, 1942, Effect of magnesium de-
fiocient diets on oral and dentzl structures. Am. Je
Orth. & Oral Surg., 28:1.

BIRD, Fraencis H., 1949, Magnesium deficiency in the chick.

Jo Futrition 39:13-29.

BROOKFIFLD, Donald W,, 1934, Part pleyed in organism by magne-
sium, which so closely resembles calcium in chemioal
properties. Brit. M. J, 1:848.

COLﬁY, R.W., and GHERIDAH, M.F., 1951, Effect of feeding

various levels of caleium, potassium and megnesium to




BIBLIOGRAPHY ' 75

rats. Am. J. Physiol., 166:209-212.

COLEMAN, R.D., BECKS, H., VAN NOUHYS KOHL, F., and COPP, D.H.,
1950, Skeletal changes in severe phosphorus defi-
clency of the rat. Arch. of Path., 50:209-232,

COSLA, O.K., 1950, Fertility and sterility by ions action,

| . Exper. Med., & Surg,, 8:76=-88,

CRAMER, W., 1932, Experimental production of kidney lesions
by diet. Lancet, 2:174-175.,

DICK, HeJ., and PRIOR, J.T., 1951, Experiantal acute metase
tatic calcification in kidney of rats. Am., J. Clin.
Patﬁ., 21:409-422,

DUCKWORTH, J., and WARNOCK, G.W., 1942«43, The magnesium re-
qdiremonta of man in relation to ealcium requirements,
with dbsérvations on the adeguacy of diets in common
use. Nutrition Abstr. & Rev., 12:167-183,

DUCKWORTH, J., and GODDEN, W., 1943, Replenishment of depleted
skeletal reserves of magnesium. Blochem. J., 37:

595.

FORBES, J.C., 1931, Solubility of bone in solutions of magne-
sium saltss J. Blol. Chem., 93:255-268.

FULTON, JOHN F., 1947, Howell's Textbook of Physiology. W. B.
Saunders Co., Philadelphia, 15th edition, pp.877-895,

GREENBERG, D.M., LUCIA, S.P., and TUFTS, E.V., 1938, Effect of
magnesium deprivation on remal function. Am. J. Physiol.

121:424-430.




BIBLIOGRAPHY 76

GREENBERG, D.M., TUPTS, R.V., 1938, Nature of magnesium

tetany. Am. J. Fhysiol., ;_E;_i__:416-423.

KRUSE, H.D., ORENT, Fsa R., McCOLLUM, E.V., 1932, Studies

on megnesium deficiency in az.aimals.‘J. Biol. Chem.,
96:519~539.

LAVOLLAY, J., 1931, Effects of magnesium on growth of rat,
Bull. Soe. Chim, Biol., 13:1205-1209.

LAVOLLAY, J., 1932, Accidents occuring in young rats following
magnesium deprivation. Compt. rend. Soc. Biol.,
111:545-547,

LAZOVIK, A.D., and PATTON, R.A., 1947, Relative effectiveness
of é.uditory stimulation and motivational strees in

precipitating convulsions associated with maghesium

deficiency in rat. Gomp. Physiol. Psychol., 40:191-202,

IBROY, J., 1926, Necessite du magnesium pour la croissance de
la souris., Compt. Rend. Soc. Biol., 94:431-433.

LOFENHAUPT, ., SCHULMAN, M.P., and GREENBERG, D.M., 1950,
Basic histologic lesions of magnesium deficieney in
rat. Arch. Path., 49:427-433,

MacKAY, F.M., and OLIVER, J., 1935, Renal dsmage following the
ingestion of & diet containing an exsess of inorganie

phosphate. J. Exper. Med. 61:319-333,

- MeCOLLUM, E.V., and ORENT E.R., 1931, Effeets on rat of de-

privation of magnesium. Jo. Biol. Chem., 92:30-31,




P

BIBLIOGRAPHY ' 79

MENDEL, L.B., and OSBORNE, TsB., 1917-18, Further observa-
- tions on the nutritive factors in animal tissues,
| Proc. Soc. Exper. Blol. & Med., 15:71-72.
MILLER, J.F., 1944, Tetany due to deficienmcy in magnesium
‘ occurence in & child of six years, with assoclated
osteochondrosis of capital epiphysis of femur.(Legg-
Perthes disease). Am. J. Dis. Child;,'§2:117-119.
OSBORNE, T.B., and MENDEL, L.B., 1918, The choice between ade-
” quate and inadequate diets, as made by rats. J. Biocl.
Chem., 35:19~27,

PATTON, R.A., and LAZOVIK, A.D., 1946, Sensory preconditioning
and convulsions associated with magnesium deficiency
ih rate J. Comp. Psychol., 39:265-273,

PATTON, R.A., 1947, Sound induced convulsions in hamster asso-
clated with magnesium deficiency. J. Comp. & Physiol.
Psychol., 40:283-289,

PEARSON, P.B., 1948, Bigh levels of dletary potassium and magne-
sium and growth of rats. Aam. J.‘Physiol., 153:432-435,

ROCHE, J., BOUCHILLOUX, S., VAUDABLE-ROGER, M., 1950, Sur 1la
tenure en magnesium et en zine des phosphatases, en
particulier de la phosphatase alcaline (intestin).
Bull. Soc. Chimie Biol., 32:30-39.

ROINE, P., BOOTH, A.N., ELVELYIM, C.A., and HART, E.B., 1949,
Importance of potassium and magnesium in nutrition of

guinéa pig. Proc. Soc. Ixper. Biol. & Med., 71:90-91.




e e i o L

BIBLIOGRAPHY ' 78

SCOTT, E.M., VERNEY, E.L., and MORISSEY, P.D., 1950, Self

selection of dimt; appetites for caloium, magnesium
"and potassium. J. Nutrition, 41:187-201.

SMITH, SUSAN GOWER, BLACK=-SCHAFFAER, B., and LASATER, T.E.,
1950, Potasslum deficlency syndrome 1n the rat and
the dnge Arch. of Path., 48:185~-199.

STEARNS, G., 1950, Human requirement of calecium, phosphorus
"and magnesium; Concil on Foods and Nutrition. J. A.
M, A., 142:478-485,

STONER, H.B., 1950, Effect of magnesium on Pz; and Pz; parti-
tion in muscle. Am. J. Physiol., 161:387-398,

TUFTS, E.V., and GREENBERG, D.M., 1938, Biochemistry of magne-
éium deficiency; minimum requirement for growth, ges-
tation and lactation, and dietary level thereon.

J. Blol. Chem., 122:71.5-726.

WATCHORN, E., and McCance, R.A., 1937, Subacute magnesium de-

ficlency in rats. Blochem. J., 31:1379-1390,

.



X 430

FIGURE I; Kidney of deficient animal number 461,

x 430,

FIGURE 2: Kidney of control animsl number 468,
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FIGURE’S: Liver of deficient animal numbher 464. X 430.
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FIGURE 4: Liver of control animhl numbér 467. x 430.



FIGURE S5: Skin of embrgo of deficient animel number 469. x 215.

FIGURE 6: Skin of embryo of control animal number 472. X 215.
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FIGURE 8: Vertebra of embryo of eontrol animal number 472. x 215,
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FIGURE 9: Heart of embryo of deficient animal number 469. x 430,

FIGURE 10: Heart of embryo of control animel number 472. x 430.,
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Liver of embryo of. control animal number 472. x 430.
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FIGURE 16:

Placenta from control animasl number 486. x 215.




FIGURE 17:; Degenerating early embryo of deficient animal
number 474, x 60.
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Ovary of control animal numbsr 486. X

PIGURE 18: Ovary of deficient animal number 478. x 65.
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FIGURE 21: Uterine tube of control animal number 485,
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