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A STULY OF CERIAIN CHEGICAL CHANGES wiilCn OCCUR IN LFADBEITS

WITd EX?hnIEENTAL LIrAIAERIA INTOXICATION

Alta Ashley

INTRQDUCTION
Diphtneria is a disease characterized by bothh local and
generalized manifestations. Though it is not always fatal it often
leaves permanent orgenic disorders. For this reason tne disease nas
been the subject of meny investigations, which, for the most part, have
oeen limited to the bacieriological, the anatomic pathological, snd the
Lumunolozical aspects of the disease. Certain metabolic disturbances
occurring in the course of the disease nave been studied as well., But
much remeins to be learned of the functional disturbances recognized
clinically in dicntaeria patients, and of the chemicsl changes induced
by the direct or indirect action of diphtheriz toxin on various tissues
of the body. A study of certain of these changes has been made the
subject of tac present thesis.
Rabbits were injected with a standardized preparation of
toxin. Ia tane course of the intoxication thus induced stucies were made oOf:
1. The effect of tne intoxication on the distribution of
paosphorus in the blood and on tne chlorice content of
the cells anc plasma.
2. ne effect of the intoxication upon the glucose tolerance.

3. The effect of the intoxication uron tae action of insulin.
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4. The effect of the intoxication upon the erythrocyte count,

relative cell volume, and blood solids.

Because of tne suggestion of the interrelationship between
the organic écid—soluble phospnorus and the chloride of the cells which
Guest and Andrus tound in their investigations on intestinal obstruction,
studies of the chloride content of tne cells were made in parallel with
the studies ot phosphorus distribution.

The eff'ect of diphtheria intoxication on the curve of the
inorganic phosphorus ot the blood following the administration ot glucose
was studied in order to see if in diphtheria, as in diabetes wmellitus,
there might be found an abnormal phosphorus curve. Because it has been
claimed by some that diphtheria toxin has an inhibitory effect upcn
the action of insulin, the curvesof the inorgenic phospnorus end tne sugar
of the blood were rollowed in two rabbits after the administretion ot
insulin.

Studies of the effect of repeated bleeding and of fasting
in normal rabbits were made because, during the course of the intoxication,
large samples of blood were taken from each rabbit for chemical analysis,
and because a t'ew days before death the animals refused food.

Since in diphtheria intoxication nephritis may play =a
Principle r3le in the development of the observed cheaical changes
in the blood a few experiments were made on the effect of bilateral
ureter lization on tne phosphorus distribution and the chloride content

of the blood,
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REVIEW

I. CHEIICAL AND PHYSIOLOGICAL STUDIES Or DIFHTHERIA INTOXICATION
Diphtheria hes been recognized as a clinical entity since
Eretonneau of Tours published his observations in 1821, The first
description of the Bacillus diphtheriae was made by Klebs in 13853,
who found the bacilli in the pseudomembranes in the throats of dirh-
theria patients. A year later Loeffler successfully cultivated the
organism on the injurea mucous membranes of animals. In clinical
observation it nad been long recocnized that the disease was not one
of localized infection alone, but that it had profound systezmic eftécts
as well. The relation of the bacillus found in the localized infection
to the constitutional effects observed in the disease was scmevhat
clarified in 1838 when Roux and Yersin identified the exotoxin whicn is
Produced by the diphtueria bacillus. Welch and ¥lesxmer (1891) tound
fatty degeneration of the liver, scarring of the kidneys, and congestion
and hemorrhages in the adrenals following the injection of pure cultures
of Klebs=Loeffler bacilli (Bacillus diphtheriae) into laboratory animals.
A year later they found similar lesions when the exotoxin was injected
in place of the cultures of the living organism, (Welch and rlexner, 1592).
Lyon (1904) found changes in the kidneys, such as were
described by Welch and rlexner, in rabbite dying at'ter lethal doses ot
diphtheria toxin; but in those animals which recovered from the intoxi-

cation there could be demonstrated no evidence of chronic lesions caused
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by the toxin. Pearse and Eisenbrey (1911) studied the lesions pro-
duced in the .idneys by diphtheria toxin and concluded that the injury
was mainly of the tubules in tue early stages of the intoxication, while
vascular changes were round in the later stages. Karsner and Denis ( 1914)
demonstrated a retention of nitrogen in cats after diphtneria toxin
injections. In a study of the effect of inflectious diseases upon renal
tunction Frothingham (191S) tound an increase of urea excretion, but a
decrease in phenolsultonphthaléin excretion during the febrile sta;e of
diphtheria, but no evidence ot acute nephritis. keduced renal function,
as measured by the rate of excretion of phenolsulfonphthalein, persisted
even after tne acute stages of the disease had passed.

Joee?hs (1927) studied the effect ot diphtheria intoxication
on the nitrogen metabolism of dogs. He found that total nitrogen and
creatine excretion were greatly increased in tne at'ebrile period of' the
disease, indicating a destruction of protein, presumably msinly muscle.
By t'eeding a diet high in carbohydrate the increcse in total nitrogen
Was prevented, but there was no decrease in the creatine excretion.
Because of this rinding Josephs felt that the action of the carbohydrate
Was 1ot a tissue sparing one, but he was unable to explain its eftect in
decreasing the total nitrogen excretion. Diphtheria intoxication also
Produced an initial rise in basal metabolic rate and body temperature.
This was shortly followed by a tall, and in the last stages of the intox-
ication the dogs were unable to maintain their norral temperatures when

Placed in a cold environment. This inability to regulate body temrer-
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ature was interpreted as evidence of diminisnsed tuaction of the adrenal
glands.,

A decrease in serun calcium was fouud by Peola {133%0) in
cases of diphineria which showed toxemis and paralyeis. Larkowa (19%0)
found a decrease in tae chlorice content of the blood in early stages
ot clinical diphtheria and scarlet fever. However, her measurements
vere done exclusively upon whole blood and were not corrected for
deviations trom the normal relative cell volume. Since relatively
more cnloride is contained in the plasma than in the cells any increase
in the relative cell volume will decrease the whole blood chloride coantent.
According to Schwentker aad Noel (1930) a concentratiou of the blood does
occur in early and acute stages of diphtheria. Such changes might
account fror Markowa's findings. Wlademirowa (1930) observed an
inerease in the orgenic acids of the blood in scarlet i'ever and diph-
tueria patients. This increase of organic acids varied with the sever-
ity of' the disease, and was accompanied by a decrcase in alkali reserve
and a decreased excretion of phosphorus in the urine, (Martinson,
Yarkowa, Pocinkowa, and Slakina, 1931). These tindings may be dependent
upon the decreased renal function observed in diphtheria by otner in-
Vestigators,

Aslde fron the above citations little work nas been re-
ported concerning chemical changes and physiological disturbances in
dirhtheria intoxication except for studies of carboiydrate metabolisu.
The effect of diphtheria intoxication upon carbohydrate metsculism has,

however, received nmucih attention both trom the clinicians and from
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laboratory investigators. In clinical obserations Hibbard and llorrissey
(1599) observed a transitory glycosuria in most of their fatal cases
and iﬁ abdut one-fourth of their mil. cases of diphtheria. Liliazmi
{1729) found a rise in blood sugar tollowin; intravenous injections
ot la}ge amounts of diphtneria toxin in rabbits. ihis rise was high=-
est in rrom three to five hours after the injection And thei gradually
CGisapreared. - A marked hypoglycemia was present before ceath. habbits
injected witn smaller doses (such as to cause death only af'ter twenty-
Tour hours or longer) develofed no hyperglycemia, but nyroglycemia was
rresent before death: Lereboullet and Fierrot (1528) reported hy.ogly-
cexmia in seversl cliuicél cases of severe diphtheria, but taey {ound no
change from the normal blood sugar level in tréir mnild cases. Signs or
adrenaline insuftficiency,-loss ot auscle tone, low blooa pressure, etc.
accompanied tne hypoglycernia, and they belicved that the degreec ot hypo-
glycemia varied directly with the degree of adrenalin insufriciency.

flosentnall (1914) tound that after large doses ot toxin
there was an increase in blood gugar, tollowed by a markea decrease
togethier with reduction ot the glycogen content of the liver and xzuscles
Lo a aere trace or less. “here was also an initial rise anu a terminal
fall in the adrenalin content of tie blood. At gutopey the adrenals
Were round to be mar.cdly affected. There wus a reduction in the
aumount of curomafin material anc heaorrnages into the medulla.
Accordin& to llosentnall and mauy others diphtheria toxin is a specitic

pPolson for the adrenals. rosenthall believed that the cisturbances in
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carbonydrate metabsliem which occur in diphtheria intoxication are
brouznt about prinecipally by an overstimulation of tne adrenals,
resulting in an oversecrction of adrenalin waich contiuues to a point
o' exhaustion of the glands and ending in a cessation of adreualin
production. The incrcmsed adrenalin secretion causes an inc:eased
glycogenolysis in the liver and muscle, thus depleting the glycogen
stores ot the body. The reason he felt that the effect of dirhtheria in-
toxication on the liver was secondary to that uvon the adre.sls was the
lfact that in conditions of priuwary liver damage, such as acute pacs-
phorus toisoning, where the liver cells are actually destroyed, there is
no initisl ayperglycemia. On the other hand Darrow auc Yannet (1532)
receatly stated in a preliminary report of their work on carbohydrate
metaboliem in diphtheria that tne disturbances in carbohydrate metabo-
lism iu dirhtheria intoxication is largely due to danage of the liver
cells. sormal rabbits and rabbits which had received injections of
diphtineria toxin were starved for four or five days, aiter whicn time
they were given intravenous injections of glucose and their livers were
analyzed for glycogen content. The starved normal ratbits syntheslzed
considerable amounts of glycogen in théir livers waile the starved
diphtieria rabbits failed to syntiiesize any liver glycogen.

dector (1926) found a lowered glucose tolerance in
diphtherig patients and attributed it to a slowed absorption ot sugar
from the intestines, to liver damage caused directly by the toxin
(the degree ot darage measured by levulose toleraxnce tests), and to a

deleterious eifect ot the toxin on the endocrine glands and on thne
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nervous system, the combined ett'ect being a lessened ability of' the
tissues to utilize glucose. A lowered tolerance tor glucose in
diphtheria was also found by Zlkels and Heimann (1928). Tisdall, Draks,
and Brovn (1926) found that the ability to remove injected glucose
fron the blood was impaired in puppies with divhtheria intoxication.
hey stated that the intoxication brought about an increascd glyco eno-
lytic fuuction in the body, of an inebility of the orzanism to store
carbohydrate. They did not feel that there was an impairaent in the
function or production ot insulin, because tne administration of
insulin in cases of intoxication (diphtheria and other bacterial intox-
ications) did not increase the rate at which injected glucose was
resoved from the blood. However, Sweeney (1928) was able to increase
the tolersnce for glucose in rabbits which had received injections or
divhtheria toxin by the administration ot insulin.

It is well known that diabetics require a. increased amount
of insulin dﬁring various inrections, notebly in diphtheria. It has
been thoupnt by many that the decreazsed tolerance for zlucose which
occurs during the course oi diphtheria intoxication in non-diabetics
is the result of tae adtion of tiie toxin on the production or tne
fuaection ot insulin. darris, Ringer, and Lasker (1327) mixed c¢irhtheria
toxin with insulin andAinjected it into miée vilose reaétion to insulin
had been previously tested, and they found no appreciable change in
the potency ot the insulin. Their conclusions were based entirely
uroa the physical appearancé or sthc mice. Ho blood sugar determinations

Were made. Netzley (1929) repeated this experiment in rabbits and
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found thnat tne hypozlycemic action of insulin was lupaired alter
insulin and diphthoria toxin had bee:. incubated together for eiganteen
hours, It wos also impaired in ra.iits previocusly injected with
dipintheria toxin. i'rom these obscrvations Jetzley stated tiat dirh-
theriz toxin not oniy artects the body cells in such a wegy tnat tle
full action ot insulin is prevented, but that it rcacts cneaically
with the insulin, reducing its potency. Lawrence and 3uckeley {1527)
congidered the e_i'ect of diphtheriea t:xin on insulia action to be
secondary to a stimulaticn of the thyrcid-adreasal mechanism. I
fatzl diphtleria these zlands exhibit patnological chaages winich in-
ticate thiat the  have been stimulated to exhaustion. Sweeney aud lackey
(1328) .i1owever, elt that the lowercd tolerauce ior glucose occurring
in di}h:heria is primarily the result ot a disturbance i tne action
or tne productlon of insulin. They found, contrary to ilector, no

chaiize ia the rate at wilch jlucosc is absorbed froa tie intestines in

di nhilieria.
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II. 7AE CISTRIBULION O FAZB3IHOKUS 15 T:E BELOOD
A. IN JOKGAL CLLITIONS

According to Bloor {1318) phosphorus compounds in the
blood can be divided into.two distinét groups, easily separated from
eacn other by reasoa or their solubilities:
1. Acid-soluble - soluble in ailute acids, aud precipitated
with the proteins by alco.ol-ether solution.
2. Alcohol-etner-soluble - soluble in alconol-ehher solution,
and precivitated with the proteins by dilute acids.
In general the cun of' these two tractions equals the determined
total phosﬁhorus; heiice the presence ot appreciable amounts of other
“oras o phosplhiorus not included in these two grours is doubtrul.
Yoy aud Byrom {(1727) have listed the torms ia waich

Phosphorus occurs in the blood as t'ollows:

~1l. Inorganic phoegr-hate

2. Huceotide, adenine- and possibly
a pyri.idine- Lster

Acld-soluble Phosphorus < 5. Fhosphoglyceric acid

4, HKeducing phosphoric acid ester

\. 5. A} least one other ester

Alcohol-ether-soluble 6. Lecithin
or 7. Cephalin
Lirin Fhos-horue 8. Sphingomyelin
Reeidual Phosphorus 9. Hucléic acid phospnorus
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In Table I are :ive. btoie values for tie variocus pnos. .crus
coapouad: in noraal nuwian blo.d (Kay a.ca Zyroam, 1y27) ané iua noraal
dog vlood {Guest aac Audrus, 1332). Values Z.r ..or.al rabbit tlood
may be fouad oun page 3T of thie tnesis.
ine r.siuual or aucleic acid phostiacrus is fouud calelly
i o leus cytes ane platelets, waicn are extremely ricn in phosvhnorus.

Q

W
w

Under noruzl conditions tae relative voluae ol the leu.ocytes 1
small tnat tac wmount ol phosiiaorus wppesring a: uucleic acid
prnosphorus iz aluost negligivle.

ine acii-insoluble pnos.norue, tae value fo: walch is

obtained by subtracting tzc Iotal Acid-soluble P from tae Jotsl F,

consists of lirin and "residuz21l" thos horus in the whole blood, aud
of practically only lipia pnosphorus ia ta. rlasma. Joe celles coatain
€ = 7Zc of iac towl 1i in phoc aorus oL t.e waol. blood. Lirin
phos nsrus 1s not hydrolyzed to any aprreclatle extent by boue
or nuscle p.os hutases, {nay w=.d loovison, 1524).

‘ne inorganic phospnoru: of tne Hiovw iz usuwlly cousicerec
Lo consizt o1 o mixture of BoaPoy aad BHpPOy, zad i be rrosent in
neirly euil cuncentrations I.. tuc cells suc plosua.

ine orgeaic aciu=-soluvle passihorus oltac bloou is

confined alucst exclusively v. tac cells, althou,.. tnere is . small

4¢3

amount, less tnw 0.5 nliligrsas per auadred cubic centiuseters, occur-

‘

ting ia te plasna, (Martland ond fostu, 1928). any su. Sobisow | 1.52%)
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TABLE I
DISIRIBUTION OF FHOSIHORUS IN NORJAL HU.a:l ALULLD BLOCD
(According to kay and Byrom)

Average values for eignt men and eight women

Men iromen

Inorganic mgejt 3.1 3.2
Total acid-solutle 26.6 24.9
Ester (organic¢ acid-soluble) 23.5 21.7
Enzyme hydrolyzable 6.9 7.2
Enzyme non-nydrolyzable 16.9 4.5
Lipin (alcohol-ether-soluble) 12.0 11.6
Total ( by addition) 35.6 36.6
(by combustion) 36.9
Phosphorus-Iadex 52.7 52.5
felative Cell Vol. % 44.6 41.2

UISTRIBUTION OF PilSFPHORUS I WHE BLOSL SF IalRTY NORUAL LOGS

(According to Guest and Andrus)

linole Blood Flasma Cells
Inorganic mg, e 2.85 3.52 2.16
Total acid-soluble 23,2 2. 77 3.2
Organic acid-gsoluble 25.4 J.25 51.0
Total 4z 4 15.7 71.7
Acid-insoluble 15,2 11.9 186.5
Lipin (alcohol-ether-soluble) 14,2 12.2 16.7
Fesidual 1.0 - 0.3 1.5
Ester-P:KBC caéunt ratio 3.46
Relative cell volume % 49,5
Erytiarocyte count wiilions/c.mm. 7.325

Note:- The FPhosrvhorus~Index of Kay and Byrom is tae quotient of

the whole blood organic acid-soluble phosphorus expressec ia milli-
grams percent divided by tihe relative cell voluxze percent. This
value is identical to the Urgesnic Acid-soluble Phospiorus of tic
Cells (tnis laboratory). The Ester-P:RBC count ratio is tie quotient
of the organic acid-soluble phosrhorus or'the waole blood expressed

in milligrams percent divided by tne erythrocyte count expressed in
millions per cubic millimeter, =ad represents t..e ester vnosryhorus in
milligrams X 107~ per million erytarccytes.
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found that the organic acid-soluble phosphorus of tae blood consists
of two fractions - one nydrolyzed by, the other resistant to the action
of' the pnosphatase contained in tne watery extract of ossifying
cartilage. The hydrolyzable fraction comprises 14 = 36% of the total
acid-soluble phosphorus of the wnole blood. Probably none of the
esfers of the plasma are hydrolyzed by bone pnosphatase.

Kay and Byrom (1927) found‘the ratio of tae organic acid-
soluble phosphorus of the whole blood to the relative volume of the
erytnrocytes to be remarkably constant iii nealth in individuals of the
ganme species, but to differ widely between species. Inis ratio, called
by Kay awd Byrom the Fnosphorus-Index, was 53 in numen blood, 86 in
rabbit blood. Kay (1928) suggested thet the quantity of organic acid-
soluble phosphorus in the cells may be one of the factors that give
the cell its individual charscteristics. That is, in conditions which
affect the qua.itity of organic acid-soluble phosphorus of the cells, the
character of the erytarocytes tiicmselves is altered.

The ester pioasphorus of tae cell is evidently an integral
part of the cell structure. I[he compouinds determined ia this fraction
are freely diffusible throug. a semi-permeable membrane wanich hold;
baci tiie blood proteins, but in the whole blood they are almost cou-
pletely confined to the intact cell. Kay and Byrom (1927) calculated
‘tiie possible osmotic pressure wnich these compounds wight exert,
and found it to be one-sixteenth of the total osmotic pressure of all

the cell constituents.
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Peters and Van Slyke (1931) have.suggested that the

organic acid-soluble phosphérus of the’cells plays an important

part in acid-base equilibrium ot the blood. It acts as an acid
radical, probably binding one equivalent of alkeli tor each mol or
phosphiorus. Further discussion of the participation of the phos-
phate esters of the blood in the acid-base regulation of the body

will be taken up in greater detail in the following section.

II. fIE DISTRIBUTION Or PHOSPHURUS IN THE BLOOD (CONTINUEL)

B. IN ABNORMAL CONDITIONS

" In acute nenhritis and in the terminal stageavof chronic
nephritis Byrom and Kay (1927) found an increased inorganic phosphorus
and an appérent decréase‘in tﬁe total acid-soluble phosphorus of the
whole blood. The lipin phosphorus of the w..ole blood wus practically
unchanged. Hoﬁever, the relative cell volume of the blood of these:
cases of nephritis was decreased, so that when the values for the
phosphorus content of the cells was calculated it was f'ound tnat there
was an actual increase in the organic acid-soluble and lipin phosphorus
of' the cells. 'rhe increase in the organic acid-scluble phosphorus ot
the cells was eﬁtirely in the enzyme-hydrolyzable fraction, the
non-hydrolyzable fraction was slightly decreased. There was also a
slight increase in the ester phosph.rus of the plasma which, too,
consisted entirely of the hydrolyzable esters. These changes were

progressive, and varied directly with the severity of the disease.
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In untreated disbetic coma Byrom (1929) found an increase
of inorganic'phosphorus, a decrease of ester phospﬁorus, anc praeti-
cally no change in the lipin phosphorus of the whole blood. The lirin
phosphorus of the plasma was high (confirming an observction made by
Bloor in 1916). Byrom interpretedﬂthis increase in plasma phospho-
iipins as the result of a taulty fat metabolism. The increased inorgan-
ic phosphorus was thought to afise from a retention of phosphates due
to kidney damage, which in some cases lead to complete anuria. Byrom
thought that it might also be the result of an increased hydrolysis
of phosphorus esters because of a shift of the reaction of the blood to
the acid side. Kay (1924) had found that in a normal individual tne
acidosis produced by the ingestion ot large amounts of ammonium chloride
lead to a marked decrease of the ester phospnorus in the blood cells.
Martland (1925) tound that the phosphoric esterase of the blood is
extremelyﬁsensitive t0 changes in reaction; the rate of synthesis of
phosphate esters is more rapid than the rate of hydrolysis at a pH or
7.5 or above, while the rate of hydrolysis of the esters is greater
than the rate of synthesis below pH 7.3.

Byrom and Kay (192%) found an abnormal distribution ot
phosphorus in the blood iphanemia, leukemia, and polycythemia. The
changes obscrved seemed to be accounted tor in large part by the
changes in the relative volumes of the erythrocytes, leukocytes, and
Plasma which occur in these conditions. The Phospnorus-Index and the

ratio ot the hydrolyzable to the non—hydrélyzable esters was normal in
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tre blood of patients wita sccuudary aneamia. Eut in so-called primery
anenia both t..e Pnosrhorus-Index anc the ratiorof the hyrolyzable to
the non-hydrslyzable esters were altered. This chanze in the charscter
anc gquantity of the pnosrhorus esters of the blood in primary aneaia
vwas considered by Kay and Byrom to be indicetive of a change in the
charzcter of t.e efythrocyte.

Youngburg and Youngburg (1930) studied the distribution
of phosphorus in the blood of twenty-one normal and fifteen cancer
patients and found a low relative cell volume, low cell inorganic phos-
phorus, low lipin phosphorus of the plasma, and high ester-anc linin
phosphorus of the cells in tne blood from cancer patients in comparison
with the values found in the blood from hhe normal individuals.

In rickets, according to Zucker end Gutaan (1523) only
the inorganié phosphorus of the blood is reduced unless there is present
a secondary anemis. In hypervitaminosis-D ishford (1930) found an
increased inorganic phosphorus, but no chénge in the organic phosphorus
of the cells, nor in the ratio of the hydrolyzable to the non-hydrolyzable
esters. On the other hand Guest and Warkeny (1952) found, after toxic
doses (single or repeated) of irradiated ergosterol, a large increase
in the ester phosphorus of the blood cells as well as an increase in
the inorganic phosphorus. The increases in the cell ester phoschorus
were greater and of longer duration than the increases in tne inorganic
phosphorus of the plasma.

Following high intestinal obstruction in dogs marked

alterztions in the phosphorus distribution in the blood were found
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by Guest anc Andrus (1932); and by Andrus, Guest, Gates, and Ashley
(19%32). - Logs with simple pyloric or mid-duodenal obstruction
live from two to five days. Blood sauples tazen at intervals after
the oper;tion up to the time of death showed mar.ed lncreases in
phosphorus content, tihe increase being mainly in the ester phospnorus
of tne cells and tine inorgenic phosphorus of tne plasma. .any
investigetive studies in tne past few years have céemonstrated the changes
in electrolytes of the blood serua of animals wita simple high ob-
struction, the more important of these changes being low cnloride and in-
creased bicarbonate values. The low chloride is due to losses of
chloridé by secretion into the stomech or obstructed gut, whence it is
vomited or fails 4o be reabsorbed; tne high bicarbonate content is a
compensation for the loss of chloride. It was first pointed out by
Goxble and Ross (1923) that a significant factor in the dehydration of
tne body which follows pyloric obstruction is the reduction of the lionic
content of the body fluids by the losses of electrolytes ( bases as well
as chloride). The effeciency of the administration of NaCl solution in
prolonging the life of animals with experimental hign obsiruction is one
of tihe strongest indications that the loss of water snc electrolytes is
the principal lethal factor. In the studies of Gueét and Andrus the changes
in chloride and bicarbona?e content of tae blood were compared with
concomitant changes in the disiribution of phosphorus. In ell the
experiments there wzs a close correlation between the progressive

losses of cnloride from tlie blood cells end the increase:z of organic

acid-soluble phosphorus. It seesed likely that as the organic pnos-
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phorus compounds increased in the blood they bound the alksli in
the cells from which chloride had been lost.

Further evidence of' the relationship oF chloride to
organic acid;soluble phosphorus in the blood is bFfought forth
in some studies carried out in this laboratory on a dog. This dog
vas ted large amounts of ammonium chloride for f'ive days, wnich pro-
voked a marked acidosis. Two weeks later, when the dog had apparently
recovered, a bilaterasl urefér ligation was pertormed. Blood smmples
were taken on the fifth day of ammoniwm chloride adminiétration, and
on the third and tf'ourth day following the ureter ligation. The dog
died on the fifth day. Uata on this dog are given graphically in
Figure VI. FPFeeding ammoﬁium chloride produced a marked rise in cell
énd plaaﬁa chloride and a decrease in cell organic acid-soluble phosphor-
us. Arter bilateral ureter ligation, on the contrary, there was a
tremendous increase in cell organic acid-soluble phosphorus which was
accompanied by a fall in cell cnloride. It seems that in these two
conditions, as in simple pyloric and high.intestinal obstruction,
chloride and organic acid-soluble phosphorus bind at least a part or
the alkali of the blood when one or the other acid factor is lost

from the system.

III CARBOHYLUKATE AND PHOSPHORUS LETABOLISM
IMahy investigations have-béén carried out concerning the
importance of phosphates in the intermediary metabolism of carbohydrates.

Harden and Young found that phosphates were necessary for the alcohol-
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ic tementation of' f'ructose by yeast. Frurthermore, a hexose-diphos-
phoric acid ester was isolated from ferﬁenting mixtures of yeast and
fructose by Harden (1923). Barrenscheen and Albers (1928) tound an
increase in Earbohy&rate;phoéphoric acid esters in gfeen ﬁlants
during the assimilation and utilizaeticn ot carbohydrates. Llost of the
evidence that phosphorus plays an essential part in the metabolism
of carbohydrate in the animal body is based on the eftect of the
administration ot glucose and insulin oa the inorganic phosphorus of
the blood and on the excfetion of phosphorus in the urine. Only a
‘few investigations have been made of the changes in the phosphoric
acid esters of the body during the storage o; utilization ot carﬁo—
hydrates in animal metabolism.

Fiske (1920, 1921) observed that after meals or atf'ter the
ingestion of.glucoée there waé & temporary decreaxse in urinary phosphor-
us excretion. Wigglesworth, Voodrow, Smith, and Winter (1923) found
a lowering of the sugar and inorganic phosphorus of the plasmé and
& decrease in the phosphorus excreted in the urine in rabbits tollow-
ing the injection of insulin. Blatherwick, Bell, and Hill (1924);
and Sohkey and Allen (1924) round similar chénges in human adults
and in dogs, and suggéstedtth&t during the zssimilation of glucose
a hexose-p.osphate similar to that formed in tihe alcoholic t'ermenta-
tion of fructose by yeast is formed before glucose can be stored as
glycogen or>burned. This organic phosphate, according to Blatherwick,
Bell, and Hill, is fommed only temporarily, and is broken down to

glucose and inorganic phosphorus whe.: it is stored as glycogen or burned
g P g &
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&g glucose.

Kay and Robison (1924) found an increase in the phosphoric
acid esters Ef.the blood of iabbiis after insulin injections. The
esters were formed at the expenzme of inorganic phospnorus and sﬁgar in
the blood. There was also an increase in the "lactacidogen" content ot
the muscles. "Lactacidogen" was thought to be a hexose~phosphoric
acid ester simiiar to that %ound in fermenting mixtures of yeast, fruc-
tose,-and inorganic phosphorus. It was thought to be synthesized in
the*presence of insulin from free‘sugar and inorganic phosphorus of
the blood.

Kerr (1928) was unable to corroberate Kay and Robison,
and stated tnat iﬁsuliﬁ and pancreatectany had no éignificant influence
upon the phosphate esters of the blood corpuscles.

In a previous thesis submitted to this department (Ashley,
1930) there ﬁere described the changes which were observed in the
dist;ibution of pnosphorus of the blood of human adults during twenty-
two glucose tolerance tests. Foilowing the ingestion ot glucose there
was an increase in the organic*acid-soluble (ester) phosphorus 0t the
cells in eight cases, seven of whom had disturbed éarbohydrate meta~-
bolism, In most normal cases there was a decrease rather than an
increase in the ester phosphorus of the cells. It wis thought that the
decrezses may have been the result of the secretion of phosphates into
the intestinnl tract by way of the digestive juices, (Bergeim, 1926).

One ot the most interesting cases in this series was that of a woman

admitted to the héspital in coma, reaembling diabetic coma, with glyco-
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8uria, acetormria, snd hyperglycenia. 3Sne hud 3lso an advanced
Osteomalscia, aanifested in fragility of the bones and bony cianges
demonstrable by Roentgenogram. From her case history it was iound tiaat
she was a vegeturian and had lived for many years on a uiet quite
deficient in phospnorus. It was thOUéht that tiais prolonged phos~
Phorus starvation was the basis o tne aisturbances found not only
in %.¢c bones but also in carbohydrate metabolism. At tue time of her
admission to the hospital the inorganic phosphorus ofthe blood wus
less than 146 milligrams percent. After an adequate ciet, irraciated
ergosterol, and ultra viclet lignt trecatments had been given the
inorg:nic phosp.avrus approacned tae normal level, and the "diaveteic”
condition gradually uisappeared, entirely without insulin therapy.
Thus it is evident that the abnormal carbohydrate metebolism in this
Patient was the result of a phosphorus rather tnan aa insulin in-
sufficiency. .

Bolliger and Hartman (1925), aad Chang (1928) found that
the rate of the disappearénce of inorgznic phosrphorus from the blood
following glucose administration depended upon the activity of in~
Sulin. In the normal individual the rate of disappearsnce was more
rapid and recovery occurred sooner than in the diabetic. In complete-
ly diabetic organisms (depancreatized animals) the administration of
glucose had no effect ﬁpon‘the inorganic phosphorus ofthe blood.

Harrop and Benedict (1924) found tnat following the
administration of insulin there was s decrease of blood suzar and

lhorganic phosyhorus and a. increase in lactacidogen in the muscles.

in completely depancreatized dogs sugar and ino:ganic phosphorus did

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



—P2=
not disanpear from the plood after the adzinistration of glucose,
nor was tuere an increase in tae lactacidogen content of tue muscles.
Bolliger and dartman (1925) found an increase in tae

total pnosphorus of tae muscles of rabbits following the .ntravenous

injection of insulin and inorgsnic phosrhates. This was accompanied

by a decreamse in blood sugar, and was interpreted as due to a storage

in the muscles of a sugar-phosrhorus compound fommed from the free

Sugar aad inorganic phosphorus in the blood.

Recently it has been found that "lactacidogen" as deter-

mined by Embden's method ( the method used by .oy and kobison, and by
" Harrop and Eenedict) is composed not only of hexose rhosnaoric

acic esters, but also of ghosphodreutine (Fiske and Subba;ow, 1929)

and adenyl-pyrophosphoric acid (Lohmenn, 1930). Using a modification

of a .aethod developed by HEmbden and Jost for tae determination of only

the hexose~phosphatee in the muscles Cori (1951) measured the hexose-

Phosphate content of the gastocnemii of rats after injections of

insulin sn¢ epineparine. He found that epinephrine caused an in-

Crezse in tae hexose?phoéphaté content of the muscle, wnile insulin

did so only when epinephrine secretion was stimulated by tae onset of
hyroglycemic convulsions. In adrenalectomized rats or in rats waich
had recsived sufficient'gluéose to counteract hyvoglycemia no increase
in hexose-phosphate of the muscles occurred after insulin injections.
To explain the fall in the inorganic rhosphorus of the blood following
the administr-tion of bota insulin aund glucose Cori suggesta that

the glycogen stored under t.ese conditions may contaln phospnorus.
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‘ Goodwin and kobison {1924) isolated two barium salts or

Phosphoric acid esters trom the o}ganic acid-soluble f'raction of the
whole blood. One was practically insolublé in water, sparingly soluble
-in cold dilute acids, but readily solubtle in warm HCl. It did not reduce
fehling's solution. It constituted the greater part ot the organic acid-
éoluble phosrnorus and contained the esters not hydrolyzed by bone
phosvhatase. The other salt was readily soluble in water. It reduced
fehling's solution. It was levorotatory. It wvas éracticall& completely

The ratio Yeducliur pOWer as . 1uUucosSe

hydrolyzed by bone phosthatase.
phosphorus

indicated that it was ;robably a hexosemonophos-hate ester.
Greenw:1d (1925) isolated froa pig blood tne bariua szlt or

e levo-glyceric acid of the emperical iormula CzHs0gPp and struc-

tural tormula:

i i
H~g ——— (-CO0H
. 9 9
o<k 0=F
5 o HO OH

This acid represented from 12.2 = 19;5 mg.ﬁ ot phosphorus, end rrom
30.0 - 41.9% of the total acid-soluble phoéphorus of’ the whole blocd.
This substance was isolated trom dog and human blood as well as from
?ig blood, but quantitative messurements could not be done because ot
the difficulty i ohtaining sufficiently large samples for analysis.
The structural formula was established as the above, and two barium
salts of the acid were obtained: (1) a pentabarium salt precipitated
from aqueous solution by barium hydfoxide; (2) a tiibarium salt pre-
Cipitated fro- acid solubion by alcohol. Iu {1) the H~-ion of each

hydOXyl group was substituted, while in (25 only one hydroxyl group

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T
in each phosphoric acid radical wzs substituted. Greenwzld proposed

the name diphospho-l-glyceric acid for tais new compound.

EXFERIMENTAL

I. METHODS

Blood f'or phosphorus distribtuion studies was obtained by
cardisc puncfure with sterile technique and without anesthesia. The
blood was drawn into air-tight syringes and discharged as follows:

2 -5 c.c. into a vial couteining heparin (0.5 mille-
grams per cubic centimeter of blood) for relative
cell volume, erythrocyte count, heméglobin, and
blood solids.

6 c.c. into a graduated 1% c.c. conical centrifuge
tube containing about 8 c.c. of paraffin oil

for serum chlorides. The blood wes intrcduced
under the oil by means of a glass adapter in

such a way that no air was admitted under the oil.
ithen clotting was complete the clot was loosened

by means of a i'ine glass rod, tae oil drawn oft,
and the tube sealed with paratfin. Vhen thé paraf-
2t'in had hardened the tube was centrifugelized,

and the serum removed f'rom the clot as soon as
possible.

12 - 15 c.c. into a tube containing potassium oxalate
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(2 - 3 millegrams per cubic centimeter of blood)

for phosphorus distribution, sugar, non-protein-

nitrogen, whole blood chloride, and plasma protein.

Af'ter a sample of normel blood had been obtained from a
rabbit the animal was allowed to rest a week or more before injections
of dizhitheria to#in were begun. Vhen the animal showed signs of
marked intoxication he was watched carefully and a second sample of
blood w.s taken from the heart as near as possible to the expected
time of death. In a few instances small samples of blood were taken
from the ear or “rom the heart to follow the chemical changes in the
blood in the progress of the intoxic:tion. If thne rabbit outlived
the removal of the second large sample of blood for more than forty-—
eight hours a third sample w-s taken. But in the interpretation of the
changes observed in such last samples it is recognized that the losses
of blood may influence the results. Small samples of blood (2 - 6 c.c.)
7ere usuelly obtained from the ear. The veins of the ear were dilated
by rubbing the ear with xylol. A nick was made in the marginal vein
in such a way that the blood flowed freely, but could be easily stopred
by pressure. The blood was allowed to drop directly into a tube contain-
ing potassium oxalate crys@als ( 2 - 3 millegrams per cubic centi-
meter of blood).
The %ollowing analytical metnods were employed:

Relative cell volume and erythrocyte count according

to Guest and Siler (ﬁnbﬁﬁliéﬁed).

Hemoglobin and CO canacitx.according to Van Slyke

and Hiller (1928).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



=26~

Blood and urine phosphates accordiag to Fiske

and Subbarow (1925) with slizht modi-
fications.

Blood cuilorides according to Fiske (unpublished).

Blood solids according to the following marner:-

0.5 c.c. of blood or plasma were pi-
retted into weighed bottles containing
filter paper dried to constant weight;
tne bottles and tneir contents were then
diied to constant weight et 110°© C.,

and the rercentage solids by weight

was computed;

Plasma protein according to Jeuhausen and Rioch

(1923), using the refractive index
obtained wita the Abbé refractometer.

Sugar and non-protein nitrogen on the filtrate

from unlaked Blood prepared according
to Folin (1930); sugar according to

Folin (1929); non-protein nitrogen
g

according to Folin end %u (1919).
Determinations of the chemical constituents of the whole
blood ang plasme were made, and tne values for the constituents of

the cells were calculated by means of the formula:

mg. - (mg. X volumes percent
whqle blood plasma plasma

volumes percentgells

g,
g Qells z X 100
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Pirect measurements of the cell constituents were not employed because
of tae difficulty in obtaining well-packed cells, the danger of the occur-
aace of cnemical changes in tne blood during tine necessarily long centri-
fugalization, and the difficulty in accurately measuring the packed cells.

Taree ratios have been used to measure absolute changes

witnin the cells which are indpendent of botal blood volume, cell size,
water loss and so forth. The ratio, grams of hemoglobin in the whole
blood divided by the erytihrocyte count in millions per c.mm., has been

designated HEb:RBC count ratio and represents the hemoglobin in grems

X 107 per million erythrocytes. The ratio, mg. of orgenic acid-soluble
bPhosphorus in the whole blood divided by the erythrocyte count, has been

designated Ester-P:EBC count ratio and represents this phospnorus

frection in milligrams X 1072 per million erythrocytes. ‘the ratio
millieguivalents of chloride in the cells of 1 c.c. of whole blood
dividec by tne erythrocyte count in millions, has been designated
C1:RBC count ratio and represents tae chloride in millieguivalents
X 1079 per million erythrocytes.

The diphtheria toxin used was supplied turougnt the courtesy
of Dr. Benjamin White of the Antitoxin and Vacecine Laboratory of the
lassachusetts Department of dealtn in Boston. Two semples of toxin
were used. In the early experiments toxin #390, MLD 0.015 wzs used.

In later experiments the toxin used was Schick Toxin 5&4(51), MLD 0.015,
3“26-29. The action of the second toxin differed from that of #390 in

that it prodﬁced no paralysis. The toxin was diluted for used 1:100 with
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0.8%5% NaCl solution

The insulin used was Eli Lilly 10-U Iletin. The glucose
which was used for glucose tolerance testis was C.P. Dextrose. This was
made up in water solution, autoclaved, and administered with sterile pre-
cautions.

The rabbits used in this investigation were of both sexes
and several breeds, cniefly New Zezland reds and New Zealend whnites.
Large animals were selected in order to minimize tne effect of bleeding,
since large blood samples were needed for analysis.

In the early part of the study tne rabbits were segregated
according to sex end kept in runs, each run accomedating about a
dozen rabbits. Later each rabbit was kept in a separate cage, which,
together with the food and water dishes, was sterilized once a wveek.

The metaboliem cages which were used for the collection of urine were
fitted with a truncated cone-shaped Monel metal bottom and wire screen

of wide mesh which allowed the urine and feces to drop though. Ine
excreta passed through a.hole in the bottom of the cage into a funnel
which was fitted with a bulb to separated the feces from the urine, and
the urine was collected in a bottle contaiaing toluene. The urine bottle
was changed daily and tae cage was rinsed at this time with water to

wash out the feces &nd nair which adhered to tne bottom of the cage.

The diet consisted of Pratt's Fabbit Feed, a food mixture
pressed into pellet form, and consisting of the following ingredients:
dried buttermilk, rolled oats, ground wheat, ground barley, cod liver

0il, corn gluten meal, corn meal, molasses, alfalfa, bran, oats,

-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-29-
bone meal, 0.75% calcium carbonate, 0.25% calcium phosphate, and

0.5% iodized salt. The manufacturers' analysis is as follows:

Crude Protein 15%
Crude Fat 5%
Crude Fiberc 12%
Carbohydrate 637
N-free Extract 51%

Jater was furnished freely to all rabbits.

Toxin was injected into the ear veins in diluted fom in
doses calculated to cause death in from four to ten days. 1In early
experiments the entire dose was given in one injection. The rabbits
died suddenly without developing signs of toxemia, so the calculated
dose was given in three injections every other day for three injections.
Usually & dose of 1 c.c. of toxin diluted 1:100 was sufficient to
cause death in the desired time. However, if the rabbit was resistant
to the amount of toxin given iarger doses were injected at intervals
until tihe rabbit developéd signs of increasing intoxication. The
rate of wéight loss, the levels of the inorganic pnospnorus and of the
non-protein nitrogen of the blood, and the physical appearanc< of the
rabbits were used as indications of tne progress o:r intoxication.

Erythrogyte count, relative cell volume, nemoglobin,
non-protein nitrogen, suzgar, and plasme protein were detersined in all
cases where tne distribution of phosphorus in tae blood was determined.
In the rabbits in wialch glucose tolerance tests and tests for the nypo-

glycemic action of insulin were made plasma protein and non-protein
P
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nitrozen were determined in every case; cell count, relative cell

volume, and nemoglobin were determi.eu in only a few cases.

II. HRESULTS

Ihe course of the intoxication in rabbits which received
injections of toxin 58M(51) was fairly constant. Ffor three or four
days tne racbits remsined épparently normal, they ate normally and main-
tained or even increased taeir weight. Then followed a period of a
few days when they began to lose their appetites, and tneir weights
began to decrease. Their achivity, nowever, was not mersedly reduced.
After thls came tune period of sev:re-intoxication. [his period lasted
two to three days, durin; wuiich time the rabbits refused food and water;
tiey became quite inactive, scarcely moving from one positiou; their
eyes vecume dull; tne; developed caiarrhea anad became anuric. Shortly
before deatn tney became lethargic and were uuable 1o sup ort tnemselves.
They died quietly, without convulsions or dyspnoea.

Toxin #390 produced a similar train of symptomne except
that a few days before death a progressive parzlysis developed, in-
volving first the lower extremities, tneu wounting to tne upper ex-
trecities, and terminating in a diaphragsatic paralysis. Deatn in
tiese cuses was acbompanied by dyspnoea and convulsions.

The gross patiaclogic changes found iu tae rabbits waich
succuzbed t. dipatieria intoxication were similar to tuose described
by ¥elch and #lexner (1592), Lyon (1904), and LiacNider (1924). They

Were tne following:
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liver - fatty degeneration, fragility, somti.es con-
gestion, sometimes anemia

pancreas - degeneration

heart -~ tatty degeneration

lungs -~ generally ncrmal, sometimes bronchopneumnonia

kidneys - scarring of the cortex, paranchymatous degen-
eration, fragility

urinary bdddder - usually empty, sometimes partiaslly
filled witia cloudy urine

stomach and duodenum -~ in some cases reduction ot tat in

the stomach wall, multiple gastric and duo-

denal ulcers, in other cases no apparent

abnormalities.

Alllautopsy tindings were based on the gross examination,
no microscopic sebtions were made. Autorsies were performed as soon
af'ter the rabbit died as possib1e. In most cases tne rabbits were
killed by quick ether anesthesia atter hlood samples had been obtained

and the animals were in extreais.

A. PROGHESSIVE CHANGES IN DIPHT.ERIA INTOXICATION
Progfessive changes.in the blood during diphtheria intox-
ication were tollowed in six rabbits. Small samples ot blood ( 5c.c.)
were taken [rom the ear at Irequent intervals and determinations of
inorganic-phosphorus and non-protein nitrogen were made. As e general

rule there was a sharp rise in the inorganic phospnorus the day tollow-
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ing an injection of toxin. This rise did not, however, become
marked until the animal begaﬁ to lose weizht. Uith the onset of' a
sudden tall in weight the inorganic phosphorus rose rapidly until
death or until the animal recovered from the acute ei'fects of the
intoxications. It a sublethal dose had been given and the animal
began to recover.the inorgenic phosphorus dropped, reaching well
below the normal level, and the rabbit began to gain weight. Ir
at this time a lethal dose of toxin was given the weight again began
to drop and the inorganic phosphorus to rise, continuing so until
death. The non-protein nitrogen of the blood tollowsd a course sim-
ilar to that of the inorganic phosphorus.

Urine secretion in most of tane rabbits studied was quite
irregular, and as a consequence the daily phusphorus excretion as
measured was also irregular. However, in all the rabbits the ex-
cretion of phosphorus dropred ﬁractically to notaing in the late stages
ot the intoxication. Urine voluune also decreased marxedly. Rabbit
#28 was anuric for seventy-two hours before death, and at autopsy the
ﬁrinary bladder was found to be empty. |

Since the marked increases of inorgaenic phosphorus and
non-protein nitrogen are accompanied by marked losses in weight and
a decreased excretion of phosphofus in the urine it is apparent
that they can be accounted for by destruction or body tissue and a
faeiling urine secretion.

Changes in weight, inorganic phosphorus and non-protein
nitrogen of the blood, and the phospnorus content of the urine of

three rabbits with diphtheria intoxication are given in Figures Ia and b.
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FIGURE Ia
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FIGURE Ib
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B. TAE LISTRIBUTIUW O¢ PHOSPUORUS Adp OF CHLORIDES IN THE

BLOOD OF NORMAL RABBITS

The tollowing are the average values for the cdistribution

of phosphorus and chlorides in the blood of twenty-one normel adult

rabbits, eleven males and ten females, used in the present study. The

average values for the males seemed to differ slightly from those of

the fenales, but since the varigtions within the sexes were sometimes

greater than the variations between tne sexes the values tfor all the

rabbits were averaged regordless of sex.

llhole Blood

Inorganic P ng./ 5.53
Total acid-soluble P 32.2
Crganic acid-soluble P 31.6
Total P ' 43.9
Acid-insoluble P : 8.7
Ester P:HBC count ratio D.79
P-Index (Kay end Byrom) 83.3
Chloride " mEq./L. 7
Cl:RBC count ratio ; 35.%6
Non—brotein nitrogen mz.% 30
Relative cell volume % 38 .4
RBC millions/cu.mm.  puo2

Plasma’

3,90

9.0

D.6%

101

* Total orgenic phosphorus

Cells
2.87
30.%
82.4
99.2
15.9

20
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C. T.E Er#ECY Or UIPHTHERIA INTOXICATION ON THE DISTRIBUTION Of
PHOSIH_RUS AND OF CiLOXIDES IN THE BLOOD

Studies of tne ditributioﬁ or‘phosphorus in the blood
during diphtheria intoxication.vere mzade in seven rabbits, three males
and four females. The seme general changes were produced in all the
rabbits, but these éhanges varied greatly in magnitude in ditf'ferent
rabbits. ror this reason average values for tne group cannot be used,
and valueslobtained from individual rabbits will torm the basis tor
discuséion., Phosphorus distributi-n in the whole blood will be amit-
ted from the discussion, because of tnhe great fluctuations which occur-
red in the relative cell volume during diphtheria-intoxication.

In all cases there was an increase in the inorganic, organic
acid-soluble; and total phosphorus of the cells una plasma, the greatest
increases being in the organic acid-soluble phosphorus of the cells,
and in the inorganic phosphorus of the plasma. The changes in the
acid-insoluble fraction of both the cells and phsma varied according
to sex: in the male rabbits it increased in both the celle and plasma,
wnile in the females it remained practically constant in the  plasma
and increased in the cells. In one female there was a marked decrease
in both the cells and plasma.. Figure II gives a graphic illustration
of' the changes which occurred in a male and a female rabbit with a
marked diphtheria intoxication.

The increases of thehnorganic phosp.orus of the plasma weire

enormous. In rabbit #288 the phsma inorganic phosphorus rose fronm

:

2.9 to 29.0'millegramé percent. his rabbit was hyperexcitable at
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for the Ester-P:RBC count ratio, tue Hb:RBC count ratio, tae Cl:RBC
count ratio, end the RBC count in millions per c.mm. have been multi-
plied by 10 for the sake of clarity.
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this time, and could be thrown into tetanic convulsions by a sudden
noise or by a gentle tap on the hind-quarters. Untrortunately no
measurements of serun calcium were made. Presunably the calcium was
reduced, as Peola (1930) found it to be in cases of severe clinical
diphtheria accompanied by paralysis and toxemia.

The increases of the cell organic acid-soluble phosphorus
were greater‘than those in the inorganic phosphorus ot either the cells
or the plasma. 7The greatest increase was observed in rabbit #283. Lthe
cell organic acid-gsoluble phosphorus rose from 32 mg.k to 124.6 mg.j,
and the Ester-P:RBC count ratio increased trom .94 to 9.00.

During a set of experiments on experimental diphtheria
intoxication-done earlier in this laboratory it wae noted itnat the
lipin phosynorus was reduced in the blood of rabbits receiving diph-
theria toxin. ‘Tashiro and Schmidt (1931) found marked decreases in
lipin phosphorus and gast;ic ulcers in two rabbits which had received
diphtheria toxin. The first rabbit died in ten days aiter receiving
the toxin, and durihg the period of intoxication the lipin pljosphorus
decrensed 26.6%. The second rabbit died in twenty-four days with a
decrease ér 31;2% in the lipin phosphorus.

Of the rabbits in the present series in vinich values for the
distribution of phosphorus in the blood were obtained atter diphtheria
toxin injections only one developed gastric ulcers., XNo direct measure-
ments of the lipin phosphorus by alconol-ether extraction were made,
but since there was no increase in leukocyte voluae during the intox~

ication tihe changes in the acid-insoluble pnosphorus fraction are
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practically equivalent to the changes in tae lipin phosphorus. rhis
robbit, #289 femsle, had multiple gastric and duodenal ulcers sznd,
contrary to expectations, au increase in the acid-insoluble pnosphorus

or the whole blood, :lasma, and cells.

Whole Blood Flasma Cells
Acid-insoluble P betore toxin mg.p 8.5 b.0% 11.2
u " * 10th day of 10 - 8.7, 20.2
intoxication .
Percentage change + 33% + 3.1% + 80%

* Tot.l organic phosphorus

Rabbit #287, temale, had thin patches in the stomach w:ll,

but ns ulecers. Iz ti:is rabbit the acid-insoluble phospnorus was

decreased.
tiholes Blood Plasma Cells
Acid-insoluble P bef'ore toxin mg.p 10.6 6. 6% 16.4
o u *  3th day or 5.0 2.6 12.0
intoxication
Percentage change - 29% - 1o.1% - 26.8p

* Totel organic phosphorus

Unrortunately t'ive other rabbits which developed gastric
ulcers during the course of diphtheria intoxication diec suddenly or
peritonitis from pertorated gastric ulcers betore an; blood was oo-
tained tor snalysis.

A possible exrlanstion tor the ccatradictory observations
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made in the ezrlier and in the more recent experiments may be that
in the earlier experiments done in this laboratory and in the two
experiments revorted by Tashiro and Schuidt toxin #3590 was used.
The action of tinis toxin, as stated earlier, was different from
that of Sghick Toxin 381(51), the toxin used in tie greater part
of this study. #%90 toxin ﬁroduced paralysis in nearly all subf
acute intoxications, whereas toxin S58M(51) produced no paralysis.

Variations in tne chloride content of the blood during
diphtherie intoxication were aot constant. In some cases tnere w:s
a slignt decrease in botn the cells and rlasma, in others a slignt
increase, ana in still otners a decresse ia one and an increase in
the other. The r tio of the organic-acid-soluble phospnorus of the
cells to the c:loride content of the cells was increased, however,
in every case. If the organic acid-soluble phosphorus compounds
of the blood behave as acids, and tgere‘is reason to believe thnat
they do, this increase of organic acid-soluble phosphorus may be
an important factor in tne acidosis of diphineria intoxication.

D. THE EfFECT OF DIPHIHERIA INTOXICATION AND REPEATED BLEELING
ON DE RELATIVE CELL VOLUME,‘ERYTHROCYTE COUNT, AND
S0LIDS OF THE BLOOD

The efflect of diphtheria intoxication uroa the relative

cell volume and erythrocyte count was deterained in ei;ht rabbits.

Two rabbits were bled only one during the course of the intoxic.tion.
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Cf these two rabbits the cell count and volume rose in one and fell
in the other. In the six rabbits which were bled more then once
during the development of the intoxication five showed ain increase
in ce¢ll volume and count in samples taken early in the intoxication,
and g markec drop at tae time oi death. The 1gtter results- were
obscured because large amounts of blood were tzken from tne rabbitis
during the course of tae intoxication. It #ias.not clear whether it vwas
the intoxication or the lods of blood which caused this drop in cell
volume and count in the late stages of the intoxication. For tnis
reason taree nomnal rabbits were taoken for bleeding controis, and
daily small samples of blood were taken for cell count and volume
from one rabbit during the course of dirhtheria intoxication.

Values for the cell volumesand cell counts of the three
normal rabbits, and of four rabbits with diphthéria intoxication
ere given in Table II. The daily changes in cell count and volume
in rabbit #369, during proéressive dipntheria intoxication, are plotted
in Figure iII.

It can be seen firom Table II that repeated bleeding did
lower the cell count and volume in normal rabbits, but tais lowering
w.8 not as marzed as that whivh occurred in lete stages of diphtheria
intoxication. In the early stages of intoxication there w:s an increase
in the cell count and cell volume, but as the intoxication progressed
there was a decreace in both. Schiventker and Noel (1930) observed simi-
lar changesiin rabbits following the injection of diphtheria toxin, and

attributed the increase of cell count in acute severe intoxications
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TABLE II
THE EFFECT Of REPEATEL BLEEDING ANL LIFHTHERIA INTOXICATION ON

TiE RELATIVE CELL VOLU.LE AND ERYTAROCYTE COUNT

PART I KNCRJAL RABEITS

FABBIT SALIPLE RBC RBC REL. CELL ~  c.c. BLOOD
# . M/c.mm. Vol.%
269 initial sample 6.05 39.7 15
48 hrs. later 5.30 35.9 15
289 initial sample 5.00 38.4 25
96 ars. later 4.90 37.7 25
192 hrs. later 5.00 37.4 25
399 initial sample 5.41 42.4 30
24 npa. later 4,78 35.8 20
72 hrs. later 4.73 35.5 20
96 hrs. later* 3.98 31.1 20
*Bad snuffles, rather sick
Part II Diphtheris Rabbits
326 before toxin 5.80 43.6 30
7th day of intoxicatio 5.97 42,9 : 20
10th day of intox. 5.00 34 .4 30
288 before toxin 4,65 33.8 20
17th day of intox. 7.35 50.6 25
20th day of intox. 6.00 4o.5 30
2835 before toxin 6.05 36.5 15
10th day of intox. 4.75 26.6 30
369 before toxin 4,95 33.3 10
ist day after toxin 5.1 4.3 10
2nd " " " 4,87 (?) 35.7 10
rd " " " 4.88 34.3 10
th * " "owx 4,38 32.1 10
5th M " oo 4,15 31.3 10
6th " ! " 4,54 32.7 10
7th " " o 4.69 33.6 25
8th " " " 3.77 26.6 10
9th " " L 3,48 L 10
**¥3econd dose of Toxin
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t0 a concentretion of thie blood by dehydration; tne decrease in cell
count in intoxications of longer duration was attributed to a doxic
destruction of the erythrocytes. No evidence of toxic destruction of
the erythrocy.tes, éucn as discoloration of the plasma, was obs.rved in
the present study. The reduction in the nmumber of cells seecmed rather
to be the result of an inhibition of hematopoietic function by the
intoxication, since the decrease in erythrodyte volune was far greater
in diphtheria intoxication after repested bleeding than it was in
normal rabbits. As further control of this factor determinations of
the tolal blood volume in diphtheria intoxicated rabbits
are Lo be done in tne near future.

Blood solids were determined in three rabbits during
diphtherie intoxication. In every case there was an increase cf
solids in the plasma anﬁbells. ffhole blood solids were increased
in two cases and decrezsed slightly in the third. 8ince the whole blood
valuce are affected by changes in relative cell voluic interpretations
of the changes observed in the whole blood must be made in regard to
changes in the cell volume.

The following are the values found for the blood solids

in tne three‘rahbits;

Wh. Blood - Plasma  Cells Cell Vol.%

#3526 Normal 18.9% 8.2%  33.0% 43.6%
10th dey of intoxication 18.3 9.7 37.5 344

#2304 Normal 17.0 7.6 31.8  39.0
8tn day of intoxication 21.3 11.1 35.4 45.9
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Wh. Blood Plasma Cells Cell Vol.%

#288 Normal 16.9 7.9 34,0

\N

508
20th day of intoxication 20.5 9.7 335.0 42.5

| Diphtheria intoxication causes an increase in the solids
of both plasma and cells, even though the relative cell volume is
diminished. Blood solids, as they were measured in the present study,
congsist of the cell and plasma constituents minus the substances which
are voldtile at 110°C. The chief volatile consﬁﬁuent of blood is
water. Therefore, dirhtheria intoxication produces a relative increase

in solids as compared to water in the plasme and cells.

E. THE EFFECT OF REPEATED BLEEDING O T:HE DISTRIBUTION OF PHOSPHOR-
USs ANL ON THE CHLORIDE CONTENT OF THE BLOOD

Four rabbits were used as bleeding controls, two males and
two females. Two samples of 15 c.c. each were taiken from rabbit #269
forty~eight hours apart. fhree samples of 25 c.c. each were taken
from rabbit #2904 two weeks apart. Rabbit #3959 wzs bled four times:-
350 c.c. were taken the first day, and 20 c.c. at twenty-four hours,
seventy-two hours, and ninty-six hours after the initial bleeding.
Figure IV illustrat;s the changes which occurred in two of these
rabbits.

The most significant changes which occurred following
the loss of large amounts of blood was an increase in the organic
acid-soluble phosphorus of the cells, and an increase in the Ester-P:

RBC count ratio. Ohanges in the other phosphorus constituents of
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were irregular end not of great megnitude. Changes in the chloride
content of the cells and plasma were also irregular. The increase.

in the organic acid-soluble phosphorus of the cells w-s not nearly as

maried after repeatec bleeding as it was in diphtheria intoxic.tion.

F. T.UE EFFECT OF FASTING ON THE DISTRIBUTION OF PHOSPHORUS AND
N THE CHLORIDE CONTENT OF THE BLOOD

It was necessary to determmine thne effect of fasting on
the distribution of phosph_rus and on the chloride content of the
blood because during the course of diphtheria intoxicatioﬁ the rabbits
usually refused all food a few days before death. Three normal rsbbits
were fusted {or various lengths of time for this purpose. The results
obtained fro: the analyses of their bloods are represented'in Figure V.

The changes which occurred in the blood of fasting rabbits
were slight in comparison to those which occurred in the blood of rabbits
with diphtheria intoxication. There was a decrease bather than an
increase in the organic acid-soluble phosphorus of the cells and in the
Ester~P:RBC count ratio. The changes in the concentration of chloride
in the cells and plasma were irfegular, but there was an increase in
the relative amount oI chloride to organic acid~goluble rhosphorus in
the cells. This is in direct contrast to diphAtheria intoxicetion. The
non-protein nitrogen was slightly increased. Lennox, O'Conuer, and
Bellinger (1926) found a tendency for the non-protein nitrogen tc increase
in the early stages of starvation in human subjects.

From the results of these three experiments it wmay be said
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that the effect of fasting in rabbits is to minimize, rather than to
augnent, the efTects of diphtheria intoxication on the phosphorus and

cnloride in tne blood.

G. THE ErfFECT OF BILATERAL URETER LIGATION ON THE DISTRIBUTION
OF PHOSPHORUS AND ON TAE CHLORIDE CJNTENT Of THE BLOCD
To study the effect of the suppression of urine secretion
upon the distribution of phosphorus in the blood bilateral ureter
ligations were made in three male rabbits. The operations were per-
formed under ether anesthesia with sterile technique. A single mid~
line incision wes made in two cases, in the third case two lateral
incisions were made. The kidneys were decapsulated and a ligature
was placed as near as possible to the point at which the ureter
leaves the kidney. The incisions healed quickly and without infection.
Blood samples were taken from the heart for the deteimination of
phosphorus distribution a week or more before the opera.ion, and at
the moment that the rabbit ceased breathing. Small samles for the
determination of inorganic phosphorus end non-protein nitrogen were taken
daily from the ear. The rabbits survived the operation 132, 134, and
112 hours.

At autopsy the kidneys were swollen and necrotic, there
was congestio. and enlargement of the liver and spleen, congestion of
the adrenals, and fluid in the abdomen. Necrosis of the kidneys was
so advanced that the whole kidney surface was spongy. Probably much

of the fluid which accumulated in the abdomen was forced through the
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kidney tissue, since tne ligatures about tne ureters seemed to be
intact.

The changes produced in tie rabbits after bilateral ureter
ligation were similar to those produced in the dog mentioned earlier
in tnis paper. There was a marked rise in the inorganic, organic acid-
goluble, an. acid-insoluble phosphorus of both the cells and the plasma,
the groatest changes being in tne inorgenic paosphorus of the plasma and
in tihe organic acid-soluble phosrhorus of the cells. The chlorides
were greatly diminished, about egudlly in the plasma and cells. The
erythrocyte counts and cell volumes weré reduced. [ne non-protein
nitrogen values were greatly increased. As in the éog, the relative
aaounts of organic acid-soluble phosphorus to chloride in the cells
were increased. Figure VI represents graphically the changes observed
in one of the rabbits (#358) and in the dog(#*259) after bilateral ureter
ligation. The effect of ammonium caloride administration to dog #259
is showm in the same figure for compating the effects of bilateral
ureter ligation wit.. t..ose of ammonium chloride administration on tne

organic acid-soluble phos horus and the ciloride content of the cells.

H. THE EFFECT OF DIPHTHERIA INTOXICATION Oﬁ THE CHANGES OF INORGAN=
IC FHOSPHORUS ANL SUGAR OF THE BLOOD FOLLOWING INTRAVENOUS
AMINISTRATION OF GLUCOSE
Seven rabbits were>gi€en glﬁcose tolerance tests before and
efter tne administration of diphtheria toxin and the inorganic phosphor-

us of the blood was determined in parallel with the blood sugar deter-
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minations. Blood was obtained from the ear except late in the intoxi-
cation when the rabbit became prostrated and the blood pressure was
so low that the blood did not flow freely from the ear vein. In these
instances blood was obtained by cardiac puncture. The rabbits were not
restrained when they were bled from the ear unless they became restless,
in which case they were wrapped in towels throughout the test. This
wes done to minimize muscular movement.

The rebbits. were allowed water but no food for twenty-four
nours prior to the tolerance test. At least one test was made on
each rabbit before the administration of toxin. Vhen the rabbit
showed signs of marked intoxication a glucose toler;nce test was made,
and tests were repeated every éay or'every other day tmtil the rabbit
died. Blood samples were taken according to one of two schedules.
From rabbits #23 and #25 blood was obtained before the giving of glucose,
and in 7 minutes, 30 minutes, 1, 2, and 3 hours after the glucose. The
other rabbits were bled befbﬁe,«and in 3 - 5 minutes, 30 minutes, l%,
ané 2% hours after receiving glucose.

Rabbit ##25 received = massive dose of toxin #390 (2 c.c. of
a 1:20 dilution).intravehously two and one-half hours before receiving
glucose. Blood suga¥ and inorganic phospnorus were followed at frequent
intervals between the time that the toxin was given and tane glucose
was received. The toxin injedtion provoked a sudden rise in blood
sugar in tne first half hour, and then a slight fall. The inorganic
phosphorus,.which wae Trather high initielly, fell steadily for the

Pirst hour end a half, and then remsined constant until the glucose was
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received. <The toxin had little effect upon the rate of the disappear-
ance of glucose and inorganic phosphorus frox the blood, as shown in
Figure VII. The inorganic phosphorus fell to a lower level thau that
wiich it reached in a previous test when the rabbit was normal, and
the blood sugar rema.ned slightly elevated even at the ena of three
hours. But the rate of the disappearance of tne glucose from the
blood was practically identical with that at which it had disappeared
in the previous test.

Figure VIII shows tae effect of toxin 584(51) on tne toler-
ance for glucose and the hypoglycemic. action of insulin in rabbit #392.
In this animal also @he rete of the disappearance of sugar from the
blood after its intravenous administration was‘not decreased in diph-
therie intoxication. As the fasting level of the inorganic phosphorus
rose with tne progress of intoxication greater decreases of inorganic
phosphorus followed the glucose injections. It seems , therefopre,
that the interaction of sugar and inorgsnic phosphorus during the
process of the assimilation of intravenously administered glucose

is not altered in diphtheria intoxication.

I. THE EFFECT OF DIFHTHERIA INTOXICATION UPON THE HYFOGLYCEIIC
ACTIO& oF INSULIN AND UPON THE CHANGES OF THE INORGANIC
PHOSPHORUS AND SUGAR OF THE BLOOD FOLLOWING TAE ADMINISTRA-

TION OF INSULIN
Studies of the action of insulin in diphtheria intoxi-

cation were made in twWo rabbits. Ten units of Lilly's Iletin were
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FIGURE VIII
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given subcuteneously. Blood wis obtained from the ear before the
piving of insulin, and in%, 1, 2, 3, and 4 hours after the insulin.
If convulsions occurred glucose was given intravenously.

Insulin, in the large doses in which it was administered
in tic present study, had no diminished hypoglycezic action in diphther-
ia intoxication. In fact it had a greater effect in the rabbits
when they were in a state of severe intoxicetion than it did when
they were normal. (See Figures VIII and IX.) In both rabbits the
fasting blood sugar was elevated at the time of severe intoxication,
yet hypoglycemic convulsions occurred following the administration
of insulin, although no convulsions had occurred in the normal rabbits
after a similar dose of insulin. There was'a slight deley in the fall
of tihe inorganic phosphorus of thﬁblood following the administration
of insulin in diphtheria intoxicatéd rebbits, but the fall was greater
a.ad of longer duration tian that waich occurred when insulin w.s
given to the rabbits under normal conditions.

Netzley (1929) found an inhibition of the hyroglycemic
action of insulin in rabbits with diphtheria intoxication whén 0.2
units of insulin were employed. This he attributed to the interasction
of the toxin with the insulin, and & failure of the insulin to prevent
the Tormation of new sugar which is continually being mobilized in
diphtheria intoxication because of the overstimulation of the adrenals.
In the present study ten units of insulin were used. These doses are

80 large that any interaction of the toxin and insulin or any over-
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- stimulation of the adrenals probably have little effect upon the net
activity of the insulin. The dilferences in the actién of the insulin
in normal and diphtheria intoxicated rabbits are perhaps, ia the case
of the present study, due to the fact that in the intoxicated rabbits
liver glyccgen has been depleted to a minimum, due to overstimulation
of the %§renals. The convuléions.whéch occur in diphtheria intoxicated

robbits may be due to the fact that the liver glycogen is depleted

to such an extent that iIittle or no sugar can be mobilized to combat

hypoglycemia..

CONCLUSION

1. Diphtheria intoxication in rabbits caused a marked
increase of tne organic acid-soluble phosphorus of the cells, and of
the inorganic phosphorus of the plasma. The organic acid-soluble
phosphorus increase in the cells was not always accompanied by a de-
eresse in tne chloride content of the cells, but the ratio of the
organic acid-soluble phosphorus to the chloride in the cells (ex-
pressed as the Ester-P:RBC count ratio and the Cl:RBC count ratio)
wa.s increased wi@hout exéeption. This indicates that there is some
relation between the changes in the organic acid-scluble phosphorus
and the chloride of the blood in diphtheria intoxication.

2. Pasting and repeated bleeding, though altering to some
extent the organic acid-soluble phosphorus of thc cells and otner

cnezical constituents of the blood, did not affect materially the
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changes wnich occurred in the blood in the course of diphtheria
intoxication.

5. In diphtheria intoxication increases in non-protein
nitrogen and inérganic phoschorus of the blood were accompanied by
loss of weight, decreased urine volume, and decreased phosphorus
conﬁent of the urine. The increased non-protein nitrogen and
inorganic phosphprus content of the blood in dipntheria intoxica-
tion can be accounted for in part by retention and by tissue des-
truction.

4. During the early stages of dinhtheria intoxication
the erythrocyte count and relative cell volume_increased. In later
stages of the intoxication there was a decrease in both. The blood
gsolids were incr.ased.

5. The rate at which glucose disappeared from the blood
wes not altered in diphtheria intoxication iua rabbits when the glucose
had been given intravenously in the veins of the ear.

6. The inorganic phosphorus of the blood was markedly
depressed following the intravenous injection of glucose in diphtheria
intoxicated rabbits. The mmaning of this exaggerated depression is
not clear, but it is evident that there was no insulin insuff'iciency
in these rabbits.

7. The hypoglycemic action of large doses of insulin wvas
not diminished in diphtheria intoxication. The inorgaiiic phosphorus

of the blood was markedly depressed and the tendency to develop
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hypoglycemic convulsions appeared t. be increased in rabbits with
dirhtheria intoxic. tion.

8. Bilateral ureter ligation produceu changes in the
blood in racbits similar to those produced in uirhtheria intoxication.

9. A failing urine secretion seems to be the most im-
portant factor contributing to the blo.d chemical changes which
occurred in tne dirhtheria intoxicztion produced under tae experi-

mental conditions of the present investigation.

k ok ok ok ok ok ok %k %k ok Kk X Kk k K K
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PROTOCOLS

PROGRESSIVE CHANGES IN DIPHTHERIA INTOXICATION

Rabbit #289
Date Weight Inorg.P NPN Urine Vol. Urine P/240° Remarks
3/10 2860 Placed in cage 9AM
3/11 2830 - ; 100 47.6
3/12 2885 110 50.1
5/13 2760 140 50.0
3/14 2815 5.08 29 130 47.8 0.2cc. toxin 4PM
3/15 2860 120 50.3
3/16 2810 3.79 25 240 874 0.4 cc. toxin 5PM
3/17 2775 lost -
3/18 2735 205 86.3 O.4ce. toxin 2PM
5/19 2730 3.65 41 170 444
3/20 2710 120 15.5
3/21 2640 6.67 108 lost (about 20 cc.) Gluc. Tol. Test
3/22 2535 9.52 162 0 0
5/05 2445 14,0 219 0 0 Gluc. T.T., P Dist.

Died at Noon

Babbit #369

3/28~ 43.5 Av.. for four days
5/31 |

L/e 3055 ' Exp. started SAM
L4/7 2065 3.96 28 170 25.0 0.6cc. toxin 9AM
4/8 3170 4,88 25 0

4 /o 2960 4,03 30 230 25.0

4/10 3130 4,52 29 110 88.0

4/11 3110 3.69 29 75 16.8 0.6cc. toxin 9AM
4/12 3100 4,00 32 0

4/15 3085  4.79 67 100 2.1  Losing appetite
4/14 2960 6.11 111 90 3.6 Insulin Test. No food
4/15 2730 7.56 180 45 1.8 No food

4/16 2650 10.6 90 4.4 No food. Died Noon

In these table inorgenic P, non-protein nitrogen are expressed as
milldgrams percent, weigat in grams, urine volume in cu.cm., and
urine P as milldgrams per 24 hours.
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PROGRESSIVE CHANGES IN DIPHTHEEIA INTOXICATION

Rabbit #327

Date Weight Inorg.P NPN Urine Vol. Urine P/24° Remarks
2/6 2857 2.74 31 0
2/8 2645 250 127.5  0.2cc. toxin
2/9 2760 0 0.4 cc. toxin
2/10 2645 200 129.0
2/11 2625 0
2/12 2522 225 108.5
2/13 2610 0o
2/ 2460 170 15.5
2/15  2hko7 lost ——
2/16 2440 20 5.0
2/17 2485 5.37 73 0
2/18 2248 lost ——
2/19 2170 5.00 76 25 10.9
2/20 2140 4.75 58 60 40.0 :
2/22 2292 2.60 46 130 104.5 O.4cc. toxin
2/23 2265 2.13 35 0
2/24 2225 1.47 30 180 40.5
2/25 2435 0
2/26 2460 1.76 35 - 160 1.7
2/27 2450 0
2/28 2360 175 2.7
2/29 2430 0
3/1 23385 3.10 38 165 18.8
©3/2 2465 0 0.5cc toxin
3/3 2365 . 175 43,0
3/4 2480 lost _—
3/5 2340 0
3/6 2315 lost —— not eating
3/1 2130 0 not eating
3/8 1935  11.3 238 160 22.4 Developing snuffles

Not very sick, died
fom heart puncture.
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PHOSPHORUS DISTRIBUTION NORIAL AND AFTER DIFATHERIA TOXIN
Rabbit #287 New Zealand Red, female. Diphtheria toxin 58M(51), dil-

uted 1:100. Received 1/4 0.2cc., 1/7 0.2 cc., 1/8 0.4 cc.,
1/9 0.2 ce., 1/10 0.2 cc., 1/11 0.2 cc., intravenously

Bays after Toxin . Before 8 after ist
Weight grams 3188 5068
Blood cells, Total Vol.% 40.7 374
RBC only, 40.0 36.5
RBC  millions/c.mm. 5.80 5.35
Hemoglobin, Whole Blood g% 12,1 11.6
Cells 30.2 31.8
Hb:BBC count ratio 2.09 2.17
Plasma Protein g 7.22 7.42
Non-protein Nitrogen ng.% oL 300

"Phosphorus Distribution

tihole Blood
1. Inorganic ng.% 5.51 17.4
2. Total acid-soluble 36.5 4.1
3. Organic acid-soluble 33.2 L6.7
4. Total 47.1 72.1
5. Acid-insoluble 10.6 5.0
Ester-P:RBC count ratio 5.72 8.72
Plegma
1. Inorganic 5.72 20.2
2. Total acid-soluble : 22.8
3. Orgenic acid-soluble 2.6
L, Total 10.5 28.4
5. Acid-insoluble 6.6% 5.6
Cells
1. Inorganic 2.70 12.8
2. Total acid-soluble 8k.3 133,3
3, Organic Acid-soluble 81.6 120.3
4, Total 100.7 145.2
5. Acid-insoluble 16.4 12.0

¥Total Qrganic
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EFFECT OF REPEATED BLEEDING

Rabbit #399

Hours after initial bleeding 0° 24o 720 96° *
Weignt prams: 5 3505 3465 3365 3325
Cc. Blood t=iten 30 20 20 20
Blood cells, Total Vol.% 4o.4 35.8 35.5 31.1
RBC only 41.6 34,3 34.5 30.1
RBC millionS/ctm- 5-41 4078 4075 5098
Hemoglobin, iihole Blood g% 14.3 11.9 11.0 9.6
Cells 29.1 28.8 31.4 32.4
Hb:RBC count ratio 2.64 2.49 2.34 2.41
Chloride Whole Blood  mEg./L. 82 81 8h
Serun 101.5 99.5 102
Cells 55.5 48 45
Cl:RBC count ratio 4,34 3.56 3.52
Phosphorus Distribution
thole Blood
1. Inorgenic. mg. % 2.74 2.64 3,55 3.79
2. Total acid-soluble . 36.2 33.8 37.6 33.3
5. Organic acid-soluble 33,5 31.2 34.0 2.5
Ester-P: RBC count ratio 6.69 7.06 7.19 7.41
Plaang
1. Inorganic 2.56 2.57 3.95 3.76
‘ Cells .
1. Inorgznic 3.28 2.24 2.82 3.73
2. Total acid-soluble 88.7 96.6 98.6 98.6
5. Organic acid-soluble 35.4 9k 4 95.8 94.9

*.:Has bad snuffles. Looks sick.
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EFFECT OF

Rabbit #269

Hours after initial bleeding

ieignt
Blood teken

Blocd cells, Total
RBC only
RBC

thele Blood
Cells
Hb: RBC count ratio

Hemoglobin

Phospnorus Listribution
fhole Blood

1. Inorganic

2. Total acid-soluble

5. Organic acid-soluble

4, Total

5. Acid-insoluble

Ester-P:RBC count ratio

Plasma
1. Inorganic
2. Total acid-soluble
5. Organic acid-soluble
4. Total .
5. Acid-~insoluble

Cells
1. Inorggnic
2. Total acid-soluble
3. Organic acid-soluble
4, Total
5. Acid-insoluble

*Total Organic
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EFFECT Or FASTING

Rabbit #3585

Duration of Fast 0° 7209
Veight grams 3825 3600
Blood cells, Total Vol.7 43,9 40.0
RBC only 43.0 39.7
RBC millions/c.mn. 6.6 5.9
Hemoglobin  Whole Blood Geji %7 13.1
Cells 34,2 32.9
Hb: RBC count ratio 2.23 2.21
Plasma Protein g% 6.65
NEN mg.% 28 37
Sugar 132 99
Chloride Wlhole Blood mEq. /L. 86.5 86
Serum 104 102.5
Cells €4 61
C1: KBC count ratio 4ok 4.15
Phosphorus Listribution
Whole Blood
1. Inorganic ng.% 3.83 4,21
2. Total acid-soluble 39.4 34,2
5. Organic acid-soluble 35.6 30.0
4. Total 47.1 42.4
5. Acid-insoluble 7.7 8.2
Ester-P:RBC count ratio 5.40 5.09
: Plasmg
1. Inorganic 3.88 4,91
§, Total 7.7 13.3%
5. Acid-insoluble 3.06% 8ol
~ Qells
1. Inorganic 3.76 3.03
2. Total acid-soluble 86.9 78.0
3. Organic acid-soluble 85.1 75.0
4. Total 99.8 86.0
5. Acid-insoluble 12.8 8.0

*Total Organic
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EFFECT OF FASTING

Rabbit #390

Luration of fast Befiore 96°
Weight grams 3715 3485
Blood cells, Total Volds 4409 38.6
RBC only 44,3 36.2
RBC millions/c.mm. 5.0 5.15
Hemoglobin Vhole Blood g 13.2 11.5
Cells 29.8 31.8
Hb: RBC count ratio 2.20 2.23
Plasma Protein g 6.49 6.03
NPN mg.o 26 58
Sugar 116 118
Chloride Whole Blood mEq./L. 80.5 81.5
Serum 107.5 97.5
Cells 48 55.5
Cl: RBC count ratio 3.59 4.18
Phosphorus Distribution
#hole Blood
1. Inorganic mg.% k.67 4,12
2. Total acid-soluble 40.4 31.2
3. Organic acid-soluble 35.6 27.1
4. Total _ 45,7 40.0
5. Acid-insoluble 5.3 8.8
Ester-P:RBC count ratio 5.9% 5.20
FPlosma
1. Inorganic 4,84 4,37
40 Total 809 904
5. Acid-insoluble 4, 1% 5.0%
Cells
1. Inorganic 4,66 3.73
2. Total acid-soluble 84.0 72.9
3. Organic acid-soluble 79.3 9.2
4. Total 90.6 88.6
5. Acid-insoluble 6.7 15.6

*Total Organic
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EFFECT Of FASTING

Rabbit #387

Duration of fast Before 120°
Yeight grams 4115 3804
Blood cells, Total Vol.% 42,5 36.3
RBC only 4o.1 z25.9
RBC millions/c.um. 5.95 5.9
demoglobin  Whole Blood 29 13,2 10.8
Cells 31.3 30.0
Hb: RBC count ratio 2.21 1.86
Plaems Frotein g7 6.08 9.16
NEN . mg. % 22 38
Sugar 76 91
Chloride lhole Blood mEq. /L. 81 79
Serun 105 97
Cells . 48.5 47
Cl:REC céunt ratio 3.45 2.93
Pnosphorus Distribution
thole Blood
1. Inorganic mg.% 3.69 3.24
2. Total acid-soluble %9.1 30.3
5. Organic acid-soluble 35.4 27.1
4. Total 47.8 38.5
5. Acid~insoluble 8.7 8.2
Ester-P: REC count ratio 5.95 4.6h
Plgsma,
1. Inorgenic 3.33 3.4
4, Total 9.7 7.8
5. Acid-ingoluble 6.4% 4, 6*
Cells
1. Inorganic 4.19 3.25
2. Total acid-soluble 87.5 774
3. Organic acid-soluble 83.3 74.1
4, Total ' 100.0 92.3
5. Acid-insoluble 12.5 15.1

*Total Organic
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EFFECT OF BILATERAL URETER LIGATION

Rabbit #388
Hours after Operation Before 152
Veight grams. - 3615 3280
Blood cells, Total Vol.% 43,9 28.3
RBC only 43.0 27.1
RBC millions/c.um. 6.6 5.8
Hemoglobin  VWhole Blood goh 4.7 8.0
Cells 34,2 29.6
Hb: RBC count ratio 2.23 2.11
Plasma Protein gedo 6.65 7.9
Non~-protein Nitrogen ng.% 28 231
Suger 132 187
Chloride Whole Blood mEg./L. 86.5 69
Serum 104 78
Cells 64 46
C1l:RBC count ratio 4,24 3.42
Phosphorus Distribution
flhole Blood
-1. Inorganic mg.% 3.83 4.2
2. Total acid-soluble 39.4 46.1
3. Organic acid-soluble 25.6 31.9
4, Total 7.1 59.1
5. Acid-insoluble 7.7 13.0
Ester-P:RBC count ratio 5.40 8.39
Plasma
1. Inorgenic 3.88 16.9
2. Total acid-soluble 18.5
3. Organic acid-soluble 1.6
4. Total 7.7 29.3
5. Acid-insoluble 3.6% 10.8
Cells
1. Inorganic 3.76 7.3
2. Total acid-soluble 86.9 116.0
Z. Organic acid-soluble 85.1 108.7
. Total 99.8 134.6
5. Acid-insoluble 12.8 18.6

*Total Organic
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EFFECT OF AMMONIUM CHLORIDE FEELING AND OF
BILATERAL URETER LIGATION

Dog #259

. Normal NH4Cl  Ureter Lig.

Blood Sample 5th day 4th day
Blood cells, Total Vol.% 43,7 55.0 47.6
REC only 42.4 53 .4 45,1
RBC millions/c.mm. 6.90 6.97 7.13
Hemoglobin  %hole Blood g% 16.7 17.9 16.2
Cells 36.8 33.4 36.0
Hb:RBC count ratio 2.39 2.56 2.28
Plasma Protein g% 8.78 8.72
Non-protein Nitrogen mg. 5 46 27 ohh
Sugar : 75 97 - 140
Chloride Whole Blood mEq./L. 89 93 68
Serua 106 117 86
~ Cells 70 89.5 48
C1l: BBC count ratio 4.68 5.82 3.23
Phospnorus Distribution
fihole Blood
1. Inorganic mg.% 4,76 2.34 1i.2
2. Total acid-goluble 30.7 15.6 46.7
3. Organic acid-soluble 25.9 13.3 35.5
4, Total 48.8 33.4 66.7
5. Acid~insoluble 16.6 17.8 20.0
Ester-P: RBC count ratio 3.68 1.90 4,98
Flasma
1. Inorganic 5.84 2.47 4.7
2. Total acid-soluble 6.09 15.3
3. Organic acid-soluble 0.25 0.6
4. Total 22.0 19.2 32.9
5. Acid-insoluble 15.9 16.5*% 17.6
Cells
1. Inorganic 3.55 2.24 743
2. Total acid-soluble 58.2 26.3 81.3
3. Organic acid-soluble . 4.7 24.1 75.9
4. Total 78.8 45.0 105.9
5. Acid-insoluble 20.1 18.7 22.6

*Total Organic
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EFFECT OF A MABSIVE LOSE OF TOXIN ON GLUCOSE TOLEFRANCE

Rabbit #25

Normal 6/7 After Toxin 6/28

Time interval Bl. Sugar Inorg. P Time Bl. Sugar Inorg. P

after glucose mg.% mg.% mg.% - mge
10: 25A%1 111 6.06

10:30 2.0 cc. #390 toxin
dil. 1:20, intraven.

10: 40% 125 5.88

11:05 134 5.63

12:05 123 5.16

Before 119 5.06 1:05 127 5.20
Received 8 cc. 10% glucose 1:10 Received 7.5 cc. 10%

intravenously glucose intravenously

3 min, 259 4,97 267 5.00

30 min. 170 4.85 157 4,65

1 hr. 119 474 143 4.55

2 hrs, 116 4,52 151 4,33

3 hrs. 134 4.63 150 4,15

10:00FPM Appeared weak
10:45 40 cc. blood fram heart
11:00 Died.

‘¥ FExcited

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-73-
EFFECT OF DIPHTHERIA INTOXICATION ON GLUCOSE TOLERANCE ANy INSULIN ACTION

Rabbit #392

Test # 1 2 3 4
Day of Intoxication Before 13th 16th 17th
Initial Blood Sugar nmg.% . 118 160 132 191

n " Inorganic P 3.50 11.0 16.3 17.5
Amount Glucose intravenously Scc. 33% 2cc. 50% 2ce. 50% 10 units

or Insulin subcutaneously glucose glucose glucose insulin
Second Blood Sugar ng.% 229 303 284 187

" " Inorganic P 3.05 10.7 16.0 17 .4
Third Blood Sugar 135 248 222 158

"o " Inorgenic P 2.78 10.6 15.5 17.4
rourth Blood Sugar 88 210. 158 30

" Inorganic P 3.10 10.9 15.0 16.7
Fifth Blood Sugar 78 174 167 59%

" " Inorganic P 3.01 11.0 15.7 15.9
Sixth Blood Sugar 53%

n " Inorganic P 15.8
Non-protein Nitrogen 23 146 171 216
ieignt “grams 3450 3000 2730 2700

*Convulsions

In the glucose tolerance tests blood samples were taken before the injection
of glucose and in 3> minutes, %, 15, and 25 hours after the glucose. In the

1nsul,n action test samples were taken before the administration of insulin,
and in 3 9, 1, 2, 3, and hours after the insulin.
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E7FECT OF DIPHTHERIA INTOXICATION ON THE HY:OGLYCEXIC ACTION
OF INSULIN

Rabbit #369

Time interval Normal | 9 days after toxin
afber insulin Sugar Inorg. P Sugar Inorg. P
mg.%  mgeh mg.%  mgeh
Before 102 3.75 143 6.11
Insulin subcutaneously 10 units 10 units
30 minutes 62 3.16 83 5.93
1 hour 2.81 55 5.27
2 hours 43 2.51 - 37 3.66
3 hours 4 2.74 39 3.28
4 hours 41 3.14 37* 2.76
Non-protein nitrogen mg.j/ 29 111
Weight grams 3085 2960

*j{lealk, convulsions, given glucose intravencusly.
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