b

University of Nebraska University of Nebraska Medical Center
Medical Center- . .
BREAKTHROUGHS FORLIF DigitalCommons@UNMC
MD Theses Special Collections
1947

Enzymatic activity in disease

Herbert Samuel Salzberg
University of Nebraska Medical Center

This manuscript is historical in nature and may not reflect current medical research and
practice. Search PubMed for current research.

Follow this and additional works at: https://digitalcommons.unmc.edu/mdtheses

Recommended Citation

Salzberg, Herbert Samuel, "Enzymatic activity in disease" (1947). MD Theses. 1490.
https://digitalcommons.unmc.edu/mdtheses/1490

This Thesis is brought to you for free and open access by the Special Collections at DigitalCommons@UNMC. It
has been accepted for inclusion in MD Theses by an authorized administrator of DigitalCommons@UNMC. For
more information, please contact digitalcommons@unmc.edu.


http://www.unmc.edu/
http://www.unmc.edu/
https://digitalcommons.unmc.edu/
https://digitalcommons.unmc.edu/mdtheses
https://digitalcommons.unmc.edu/spec_coll
https://pubmed.ncbi.nlm.nih.gov/
https://digitalcommons.unmc.edu/mdtheses?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F1490&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unmc.edu/mdtheses/1490?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F1490&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@unmc.edu

ENZYMATIC ACTIVITY

IN

DISEASE

HERBERT SAMUEL SALZBERG

SENIOR THESIS

PRESENTED

TO THE

COLLEGE OF MEDICINE

UNIVERSITY OF NEBRASKA

OMAHA

19047



INTRODUCTION ----Zcccenaca-

DEFICIENCY DISEASES

History =<-=-========-=-

Thiamine =<========-==--<==- Sesssssscscsssso-e- -
Riboflayin =====-==---cc-ccecccccocccococsacc===
Nicotinic acid ~-=-=-=--ccccccmnaccccccccccmaaea
Pyridoxine ===-===-------eecccccccccccccccnaaaa- 18
Remaining members of vitamin B complex ---------- 19
Ascorbic aglid =---------e--eccccccccccccccncaa-- 21
Fat soluble vitamins ( A & D ) -=--=cccccecaa-a 22
Pernicious anemig-----==-=--c-eccccccccmcccaa—-- 24

INFLAMMATION AND INFECTION

Introduction ~-===----eeccccacaccccccccaccceaa-a 26
Fibrinolysin -=-=-=-----ee---ccccccmacccncaa—-- o8
Spreading factor ===-----=-ccc-ccccccccccccn_--- 30
Bacterial toxing---------=--eccccemccccccaaa-- - 48
Clostridium welchii =------=ccccmccccccccccaa—- 47
Diphtherig===--==-=-ccccccccccccccccccccccaa—-- 48
Pneumonig ====-==-=---c-cccccccccccccrcccc e 49
Tuberculosis =--=-=------cecccccccccccccreccaa-- a9
Neurotropic wiruses-----------ce-ccccccaccaaaa- 57

METABOLISG AND DEGENERATIVE DISEASES

Arteriolosclerosis=-==-ccccccccmm e 62
Acute hemorrhagic pancreatitis 63
Etiology========--=-reccccccccccccccccccccnaaa- 63
Blood amylase changes---====--ccecececcccccccac-a- 68
Catarract~=-=---=----ccccccccccccccrcccceeeee 72
Multiple sclerosig---==<-cc-cccccecca--- rerccce——- 73
Hypertension =--=-===c-cecccccccccccccaa --==78
THERAPY
Hypertension -ee-ccccccccmmccccccccceao 109
Tissue anoxlae---ccccccccccmaaccccccccccaa 117
Blological oxidation----eeeemocaaaaa o ___ --- 119
Succinates in acute rheumatic fewer____—_—_____ 122

Cytochrome C (increased utilization of oxygzen)- 125
Prevention of anoxic electrocardiographic

changes in humans by oytochrome C «cecacce-ae 127
Cytochrome C in anoxia and visual discrimination)og
Cytochrome C in intermittent claudicatione----- 129
Vitamins In shoOKeweeeccccmcm e 133
Pancreatic enzymes in indg¢gestion------ececeea-_- 141



INTRODUCTION

Each decade brings new approaches to the study
of medicine. Thus, there were careful observations
on symptoms of disezase, detalléd histologlcal eoxami-

nations of pathological tissues, extensive studles

on the etlologlcal agents of 1nfectiomns diseases,
and guantitative studies on the mechanisms under-
lying disease processes. We have had, then, the
era of clinical observation, the era of vathology,
the era of bacteriology, and the era of physlology
and blochemistry.

All blochemical reactions are alded by cellular
catalysts called enzymes, and during the past
decede an ever increasing emphasis has been placed
on the relationship of enzyme activities to disease
processes. This change 1s partly due to increased
knowledge of the chemlstry of enzymes and partly
to the gradual realization that the underlying
normalities in enzyme systems are the roots of the
genesls of the disease processes. JThe dlsturbances
in cellular metabolism result in physiologlcal
chenges which soon pass into pathologicsl distor-
tions, leading ultimately to the signs of the



go familiar to the cliniclan and the pathologist.

The enzyme studles alone have, as yet, allowed
no profound advances in the practicsl treatment
disease, but when consildered 1n connection with
other studles, they have helped introduce
fundamentel basis for much experimental work, and
much of the future treatment in medicine probably
depends on this research.

This pasper deals with the role of enzyme activity
in deficlency dlseases, inflammatory and infectlous
diseases, metabollc and degermerative dlseases, and
concludes with a dlscussion of the role of enzymes
in the therapy of disease. It does not include
the vast realm of enzymatic chsnges 1n neonlastic
diseases nor does 1t pretend to cover all diseases,
but rather Just those diseases in whiech sufficient

experimental work has been done to warrant



- DEFICIENCY DISEASES

A survey of the earlier experiments revqals )
certaln parallelism between the studies on enzymes
and vitamins. Previous to 1890; the existernice of a
few enzymes had been suggested and several deficlency
diseases had been described. It was in 1894, that
Emil Fisher begzn his investigation, on which the
present ideas of enzyme specificity are based, and
it wuas in 1897, that Eiljkman established the existence
of a specific vitamin for the treatment of a definite
deficlency {(beriberi). It 1s also interesting to
note that in 1906, Harden described the first organic
coenzyme anq Hopkins described specific accessory
growfifaa‘;‘lgll,Casmir Funk, as a result of his
investigations into the cause of beriberl, obtained
a crystalline substance from the rice polishings which
was capable of curing and preventing this nervous
disease. ke called the crystalline substance vitamin,
believing erroneocusly that 1t was chemically an amilne.

In 1921, Sidell, according to Elvehjem (47), stated
that aside from a possibly eignificant degree of
dialyzability, there was no outstanding evidence that

vitamins should nat be classifled with enzymes.



1t 1s known that the difference in dilalyzabillity 1s
an important distinction between the two grouvs of
compounds. Furthermore, it has been shown that

while the human organism can synthesize 1ts enzymes,
it 1s dependent upon the environment for its vitamins (141).
In 1931, Neuberg and Euler provosed the term cozymase
for the coenzyme of alcoholic fermentation and apo-
enzyme for the enzyme free from the coenzyme. Since
that time a great deal has been learned about

It 1s now known that the maj}or part of an enzyme is
protein in nature, and that under most conditions
the 1iving cell has little difficulty in syntheslz-
ing the proteins. However, the activity of these
proteln catalysts is greatly altered by the presence
of activators. The specific activators may be
divided into the kinases which are generally colloidal
in nature and coenzymes which are crystalloidal.
¥hile one mole of kinase generally activates many
moles of enzyme, one mole of coenzyme is related to
one or & relatively few moles of the svecific enzyme.
Apparently the living organism has great difficulty
in produclng the structures that go to make up co-
enzymes and according to present knowledge, a2t least

some of the vitamins are directly concerned with these



coenzymes. The facts regarding vitamin Bl or thisa-
mine and its role in coeanzyme production will be
pregented first.

In 1913, Neuberg and Rosenthal, according to Bern-
heim, (16), reported the oresence in a yeast of an
enzyme c=lled carboxylase which catzlyzed the de-~
carboxylation of alpha keto acids. 1932, Auhagen (6,
eplit this enzyme into a protein component and a
thermostable factor czlled cocarboxlase. In 1937,
Lohmann znd Schuster (118) 1solated the cocarboxlase
in crystalline form and showed 1t to be the pyro-
phosphoric acid ester of thiamine. In 1941, Green
and his co-workers (67) 1solated carboxylase from
top brewers yeast and found 1t to be a diphosphothiamine
magnesium protein. The same lsboratory (68) then
prepared a crude preparation of a similar enzyme
from a variety of anlmal tissues. The richest source
was found to be pig heart (64).

Apnarently there is 1itile difficulty for the
1living organ*sm.to combine cocarboxylase, magnesium,
and protein into the active enzyme. Even cocar-
boxylase does not need to be supplled preformed in
the diet since thiamlne 1s phosphorylated by means of

the phosphate transferring reactions with the inter-



vention of the adenylic acid system. This was demon-
strated by Lipton and Elvehjem (117).

In vitanmin Bl defieiency, thers 1s a decrease in
the amount of free thlamine and a decrease in the .
amount of cocarboxylase. Illany workers (59, 60, 116,
144, 145) have demonstrated a reduced cocarboxylase
content 1n tissues from experimental animals deficient
in vitamin B,. Ochoa and Peters (145) repsrted about

1
three micrograme of cocarboxylase per gram of normal’

brain tissue in rats, and this value decreased to

less than one microgram per gram after the develovment
of polyneuritis. In brein, liver, muscle, &nd he&rt
the amount of cocearboxylase was rmuch greater than the
amount of free thiamine found in normal rz2ts and
pigeons. In thiamin deficient animals the amount of
cocarboxylase was still greater than the amoéunt of
free thianine present, but the differences were not

as marked. uscle and heart had relstively more
thiamine than brein snd liver in bath normal and thila-
mine deficlent animals. The administration of thiamine
to the def clent animsals led to an immedisate accumu-
lation of both thlamine and its pyrophosphoric ester
in the liver. This indicates the imvortant role

which the liver must enact in thiamine metsabolism.



Goodhart and 8inclair (59, 60) presenﬂia mean
norma) value of 7.0 micrograms of cocarboxylase per
hundred c.c. of blood, and found a significant decrease
in the blood cocarboxylase during thiamine avitaminosis.
The cocarboxylase in the blood w2e in a combined form
and all of 1t was found within the blood cells. The
polymorohonuclear leukocytes contained more than the
lymphocytes and the erythrodcytes contailned the least.
None was found in the serum. This indic=tes that the
vitamin 1s probably carried to the tissues as freely
diffusible thlamire rather than in the form of cocar-
boxylase. Goodhart and Sinclair (59) present a mean
normal value of 0.04 micrograms of thiamine per c.c.
of whole blood.

Since cocarboxylase is more or less directly
concerned with the metsholism of a single metabolite,
pyruvic acid, more extensive studles have been made
on the ¢hanges in the pyruvic acid content of the blood
than on the coenzyme itself (161, 196, 207).

It has been found th t with certain yeast prepara-
tions used in determining cocarboxylase, free thiamlne
stimulated the activity of the cocarboxylase. Lipton
and Elvehjem (116) have exnlained this reaction on

the basls that the yeact preparations contained s



heat-labile materiazl whiech adsorbed cocsarboxylase
without the production of an active enzyme. The
addition of excess thiamine saturated the material
and thus permitted the resction of cocarboxylase
witn the active epoenzyme. Whether such a condition
occurs in the human organism or in the animal body
1s not known at the present tine.

In 1941, 1t was shown (198) that certain tlgssues
from fieh contained an enzyme-like substance which
was destructive to thiamine. This factor has not
been found in tiscues from mammals, but i1f it should
be, one wculd have another relationshin of an enzyme
to the blological action of thiamine.

In 1936, Bure (203; 204) showed that in vitamin By
deficlency there was a decresgse in the digestive
efficlency of pancreatlc esterase and a moderate de-~
crease in the concentration of pancreatic and hepatic
lipsse which finding suggested a disturbance in the
digestion of fat. There was an inc¢rease in the concen-
tration of blood serum pheosphatase. There was no
disturbance in the digestion of vroteins or starches
In vitamin Bl deficlency according to the ssme suthor.

Bernhein (16) stated that thiamine inhibited the
action of cholinesterase, especdally when high levels



of thiamine were used. The significance
is unknown at the present time.

In summary, the mgin function ~f thiamine in
metabollism is 1ts action as a coenzyme by combining
wlth phosphoric acld to form thiamin pyrophdsphate
or cocarboxylase which 1s required for the oxidative
removal of pyruvlc acid--a vital 1link 1n glucid
metabolism (199).

The next vitamin to be discussed 1s riboflavin.
The physiologic:=1l rele of riboflavin 1is related
mately to the ability of riboflavin to serve as an
integral portion of two resplratory carriers (co-
enzyme I and coenzyme I1II). Thus, as alloxazine mono-
nucleotide and alloxazine dinucleotide, riboflavin
enters into the structure of s verlety of flavo-
protelns which sre concerned with many phases of
logical oxidation. At the present time, some ten
flavoproteins are known to be concerned in bielogical
oxidations, and this emphasizes the functionel relation-
ship of the vitamin riboflavin to the enzymatic

oxidative mecnanisms of the organism. Riboflavin
18 related to more enzymes than any of the other
known vitamins. It i1s well known that Warburg and

Christian (218) isolated a flavoprotein from yeast



1932, whieh was consldered a carrier link between
coenzyme II and molecular oxygen. +1‘his flavoprotein
was resolved into a protein and riboflavin phosphate.
The enzyme was reduced by reduced coenzyme II and
reoxidisged by molecular oxygen. +his system, however,
would h=ve very little activity in animal tissues where
the oxygen tenslon was at a low level. Since that
time, several 4ifferent flavonrotelns related to
pyridine coenzymes have been studied (16).

In 1938, Haas (78) desctibed the isolation of a
flavoprotelin from yeast which catalyzed the reaction
between coenzyme II and methyline blue. In contrast
to thé original compound of Warburg and Christilan,
thlis enzyme contalned alloxazine-adenine-dinucleotide
rether than riboflavin phosphate as the prosthetic
groun. At about the same time, Dewan and Green (42)
and Euler (48) prepared concen.rates of an enzyme
which catalyzed .the transfer of hydrogen from coenzyme
to methylene blue. Later this engyme was 1solated
from heart muscle by Straub (201) and was found to
contain the same dinucleotide.

None of the vpreviously mentioned compounds,
catalyzed the reaction bhetween the coenzymes and

cycochrome C, which link 1s the most important
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in animal tissues. Axelrod (10) believes that coenzyme I
and IT are linked to cytoehrome by flavoproteins.
Heas et al (80) 1solated a flavoprotein which did

catalyze the reaction betwéen coenzyme II and cytochrome

and Altschul (4) et a1 1solated a soluble enzyme which
catalyzed the reaction between coenzyme I and cytoch-
rome C. This work indicated the significance of flavo~
proteins in resoiratory mec¢hanisms but i1t should be
emphaslized that both of these compounds have been
is0lated from yeast and not from animsl tissues. No
one has yet measured the amounts of these two flavo-
proteins in tissues taken from animaels suffering from
riboflavin deficiency.

There are other flavoproteins which catalyze the
direct reaction between the substrate and molecudar
oxygen and may therefore be ¢lassified as dehydrog-
enases (47). One of these 1s d-amino acid oxidase
which catelyzes the oxidstive deamiweation of several
unnatursl amlino acids and which, according to Warburg
and Christisn (217) contsins the dinucleotide as the
prosthetic group. In 1940, Axelrod (11) demonstrsted
that a riboflavin deficlency in rats resulted in a
decrease of the d-amino acid oxidase content of the

liver and kidney. Ochoa and Roessiter (146) demonstrated
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a similar decrease in the totzl riboflavin dinucleotide
content of heart and 1liver from rats showing ribo-
flavin avitaminosis. The dinucleotide content was
rapldly restored to the normal level by the adminis-
tration of riboflavin to the deflclent rats. This
indiceted the ability of the living tissue to synthesize
the nucleotide when sufficlent ribolfaevin was supplied.
Klein and Kohn (101) have demonstrated this synthesis
by human red blood cells in yitro and in yvive.

Xanthine oxidase 1s another flavoprotein and Ball
(14) and Corran et a2l (34) have shown that the oros-
thetic group of this enzyme consists, at least in
of the dinucleotide. Axelrod (8) showed that the
xanthine oxidase activity of r.t liver was grestly
reduced in riboflavin deficiency. The xanthine oxidase
activity was repldly restored to normal when riboflavin
wses fed to the rats and 1t was shown that riboflavin-
adenine-dinucleotide was the prosthetic group, which
finding confirmed those of Ball (14) and Corran (34).
In the same paper someevidence was presented to show
that the protein component of xanthine oxidase was also
decreased during the deficiency. Thus, 1n the absence
of the vprosthetic group it would seem that less of the

proteln 1s manufactured.
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In 1942, Axelrod and Potter (10) demonstrated a
definite decres=e in the suceinic acid oxidase content
of the liver &nd heart from riboflavin deficient rats.
Up te the present time no one has sho®Wn conclusively
that succinic acld oxidase contains riboflavin, but
their results may indicate that such 1s the case. This
would give added signifigance to the role of riboflavin
in metaboliem, for the oxidation of succinic sid 1is
believed to be an essentlal step in normal glucid
metabolism. Fthe report by Sure and Bichey (202)
that riboflavin produced a profound effect on the
econony of food utilization for synthesis of body
tissues is further evidence that metabolism proceeds
more efficlently when there 1s sufficient riboflavin
for the optimal activity of the various enzyne systems,

It 1s impossible to correlate the changes in the
individual enzymes withh the variety of symptoms tlet
have been assoclated with riboflavin deficlency in
exverimental animals and humans, but from the short
gsurvey given, i1t 1s evident that riboflavin plays an
important role in the entire resviratory mechanisms
in the animal body.

Nicotinic acid, the specific curative agent for the

dermatitis, dlarrhea, smd dementia of vellagrins, 1is
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the next vitamin to be discussed. Nicotinic acid def-
iciency 1s manifested chemically through the dysfunction
of only two coenzymes, but the entire picture 1is

gquite complicated bec:suse these two coenzymes enter

into so many different reactions.

Warburg and Christian (217) on their studies of
flavoproteins used a coenzyme, now known as coenzyme II
which was prepared from ed blood cells. In 1935,
¢ enzyme II was isolated and characterized as a
dinucleotide consisting of adenine, ventose, phophoric
aced, and nicotinic acid amide. Euler and his co-work-
ers (48) had been working on cozymase or coenzyme I
from yeast, and in the same year both Euler and War-
burg 1solsted nicotinic acid asmide from cozymase
hydrolysis. <4he necessity of a coenzyme fnr the
oxldation of lactic scid by lactic acid dehyrogenase
of animal tissues was demonstrate@ by Szent-Gyorgyl
in 1925,_(47). The two coenzymes differ only in the
number of phosphoric =zcid molecules, but they show
great specificlity as far as the nrotein or dehyrogenace

with which they may function. Alth ugh nicotinie
aclg, adenine, and ribose are constituent parts,

nicotinic acid appears to be the only compound which

the human body lmrs difficulty in synthesizing. The
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N ALLD )
rat and chick can manufacturggéhf&lzhile, on the other

hand, certalin microorganisms such as Hemovhllus vara-
influenza will grow only in the presence of the coenzyme
and will not respond to the free acld or the amide (56,
120). kEkence, the specific accessory substances vary
with the blolagical level of the organism (141).

Some of the most 1nteresting observations on the
production of cozymase {coenzyme I) came from studies
involving sulfapyridine. West and Coburn (230) found
that sulfszspyridine prevented the growth-stimulating
effect of nicotinic acid on §talphylococcus aureus
grown on & nedium deficlent in nicotinic acid. West
(239) extended this study to dogs and found that 1f
a black tongue dog was saturated with sulfapyridine,
ivhe dog would no longer respond to nicotinic sacid
therapy. Eowever, raw liver was found to be highly
efficaclous in curing the black tongue. %West concluded
that the fresh liver supvllied preformed coenzymes.
Axelrod («7) reneated the experimental procedure with
the szme results, but reasoned differently. He believed
that 1t was difficult to accept the suggestion that
coenzyme would go through thne digestive tract and be
absorved without degradation--a sound criticism. He

reasoned that the fresh liver supnlied a svecific com-



-16-~

ponent of the cozymase, the synthesls of which was
prevented by sulfapyridine. Since the linkage between
nicotihic =acid a2nd ribose was the most labile part of
the molecule, he st:ted tha:t 1t was probably the nucled-
tide that was involved. <his relationship certainly
needs more study especially in the clinical uses of
the sulfonamides.

ihe limiting factor in the vroduction of coenzyme I
and coenzyme It under normsl conditions 1s n*cotinic
actd. Numerous studies have been made on the changesin
the coenzyme I and II content of tissue from animals and
hunans during nicotinic acid deficiency. It is
impossible to discuss here the methods involved in
these measurements but in general two types of oroced-
ures have been used. One was based on the growth
responses obtained with various microorganisms under
controlled conditions, and 1t measured both ceenzyme
and II,‘as well as possible other factors; the other
woe based on the svecific reactions catalyzed by

coenzyme I during yeast fermentation. Axélrod used

the originsl fermentation test; Jundorf et al (95)

described the method which inveolved only part of the
fermentation mechanism. In both cases O evolution

wss measured, although in the fermentation method the
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602 wes evolved from a NaHCO3 buffer by the acid pro-
duced. In spite of discrepancies in the absolute amount
of cozymase (coenzyme I) in various tissues revnorted

by Katzenelbogen (100), Handler (82), and Mann (132),
all workers were agreed that the coenzyme I c¢ontent of
liver and muscle tissue decresced during nicotinic acid
deficlency. J[he values reported by Kohw, Klein, and
Dann (107) end Axelrod, liadden, snd Elvehjen (9)
indicdted a reduction of about seventy per cent in the
liver content and thirty~five per cent in the muscle
content in the case of tme dog. Axelrod, Sples and
Elvehjem (12) found that the coenzyme I content the
muscle of pellagrins decresased as the deficlency in-
creased 1n severity. In all cases the coenzyme content
increased with therapy. Axelrod and ®lvehjem (7)
reported no change of the coenzyme I content of the
blood, brain, or kidney of plg and dog in nicotinic
acid deficlency. Most of the workers agreed that the
blood cozymass underwent little change during the
nicotinic acid deficiency. Typilcal changes ranged
from elghty~-five micrograms per mililiter of normal
blood to sixty-nine micrograms per milileter of blood
from severe pellagrins. This may be exvlained, partislly

at least, by the finding of Kohn and Klein (106} that
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red blood cells can synthesize cozwymase (coenzyme I)
from nicotinic acid in vivo and in vigro.

Although no specific measurements have been made
on coenzyme II during nicotinic acid deficliency, it
1s safe to conclude that the function of nicotinic
acid in the animal body 1s largely related to these
two coenzymes. Much more work 1s necessary before
one can relate the observed chsnges in coenzyme I
and II content of certain tissues to the external
symptoms observed in niceotinic-acld deficlency.

Vitamin B6 which 18 chemilcslly elther pyridoxine,
pyridoxal or pyridoxamine has been shown recently
(15, 114) to be an important comvonent of various
coenzyme decarboxylases. "(Codecarboxylase" refers
to all preparations which possess activity for amino
acld decarboxylases. So far slx smino acid decar-
boxylases-~-those of tyrosine, lysine, arginine,
ornithine, glutamic acid, and dopa-~have been shown
to require this coenzyme. <1he exact structure of
codecarboxlacse or coenzyme is not known for certain,
but the vproverties are sufficlently known to indicsate
that 4t 1s a phosphorylated derivative of pyridoxal
and to suggest the possible mosition of the linkage.

Pyridoxal phosphate was also shown by Lichstein {114)
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to function as the coenzyme of glutamate-aspartate
transaminase. This was accompllshed by two methods.
The firet method consisted of growipng cells 1in a,
medium deficlent pyridoxsl to yleld transaminase
apoenzyme, and then sctivating the enzyme with synthetic
pyridoxal nhosphste, while the second method consisted
of resol ng--vhat 1s separation by 2ging and dlalysis--
the celli-free enzyme fr-m organisms growr with oyrid-
oxal, and then restoring the activity of the apoenzyme
with pyrldoxal phosphzte. Therefore, the function of
the vitamin B6 grouo 1n vrotein metabolism is at least
partislly exvlalned by 1ts action in amino acid decar-
boxylation and in transaminstion. Pyridoxine is beling
used successfully clinically in the treatment of morn-
ing sickness and perniclous vomlting of oregnancy.
Perhaps 1ts function 1B protein metabolism is respon-
slble for the improvement seen in most of the cases.
The remsining members of the vitamin B complex
have not been associsated with any specific enzymes
although there zre reasons to suspect certain relation-
ships. It 1s well known thsat pansothenic acid and
bilotin are closely ascsociated with nrotein in the
living cell. There stlll agre many gaps in the know-

ledge of the varlous respirsfory enzyme systems, and
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perhaps in time some of the gaps will

the known vitamins. Axelrod (47) suggests that
perhaps the unknown component in cytochrome C which
contains sulfur, might be blotin. Eé also believes
that the rest of the B complex will be found to fill
the role of the enzymes specifically concerned with
fat metabolism and protein metabolism, or in the
resynthesis of oyruvic acid to glcogen.

Before lezving the B complex one must mention the
relationshlip of enzymes and p-aminobenzoic aéid which
substance Ansbacher (5) has classified as a vitamin.
Although no one has demonstrated any effect of p~amino-
benzoic acid in experimental animasls, 1t does function
in the growth of certazin microorganisms and 1t has
been 1solated from vitamin rich materials such as
yesst and liver. Wisansky, Martin and Anebacher (233)
have shown that p-aminobenzoic acid retards the oxida-
tion of tyrosine and dopa by tyrosinsse. Lipman (115)
has reported that vp-aminobenzoic acid 1s oxidized by
hydrogén peroxidase snd peroxidase, and that the reac-
tion 1s inhibited by sulfonamides. It 1s also
oxidized by phenol oxldase in the presence of catechol,
but this reaction is not inhibited by sulfonamide:.

The antagonism between sulfonamides snd p-aminobenzoic
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acid activity in bacteriologic metabolism 1s well
known and 1s the probable mechanism of the bacterio-
static activity of these drugs. The sulfonamides
replace the p-aminobenzolc acid 1in the bacterial
metabollism and the organisms are unable to utilize the
sulfonamides.

Vitamin C, the anti-scorbutic substance, was
assoclated with enzymes long before it was 1s0lated
because of the ease with which 1t was oxldized, but
so far no one has proven conclusively that 1t is a
constituent part of an enzyme. It has been suggested
as a prosthetic group in liver esterase by Krsut (109)
who postulated that liver esterase might be composed
of a protein fraction (avoenzyme) linked with an
active ascorbic acid grouo (coenzyme). Harrer (83)
found that liver esterases were decreased orogressively
with vitamin C depletion to sixty-five per cent of
normal 1n acute scurvey. Cytochrome oxidase showed
a moderate decrease in activity in vitamin C deficilent
heart and skeletsl muscle tissue.

Both ascrobic acid and dehydroascorbic acid exert
gstimulatory or inhibitory effects on many of the
proteolytic and oxidizing enzymes. Meikejohn and Stew
art (134) showed thst the ascorbic acid oxidase 1s a
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true copver protenh compound and i1s much more active
than an equivelent amount of ionic copver. Crook (37)
produced evidence that a specific enzyme 1s involved
in the reduction of dehydroascorbic acid by glutathione.

Independently of, or parallel with, the possible
function of ascorblc acld as a carrier-catzlyst in
tissue respiration, the vitam*n may be.of major lmpor-
tance in cellular physiology as a regulating and pro-
tective agent.

When the fat soluble vitamins are studied, only
indirect relationship to enzymes are found. There
18 no disturbance in the digestion of nroteins or
starches in vitamin A deficlency (203). Sure (205)
reported a marked decrease 1in the concentration of
the blood serum esterase, an appreclable decrease 1in
the hepatic esterase, and a msrked decresse in the
hepatic lipase in vitamin A deficiency. These find-
ings were confirmatory of Green's earlier revort (69).
A more speclific relatioé%%fyvltamin A and enzyme
sctivity comes from the work of Wald (216), who showed
that visual purple 1s a conjugated protein with vitamin
A as the prosthetic group.

Vitamin D deficlency has been recognized for twenty-

one years as belng asccompanied by a high plasma phos-



phatase, but this 1s most likely a secondary sffect
due to the loss of phosphatase by rachitic bones (47).
Sure (203) found that no n-teworthy changes in the
concentration of blood and tissue enzymes devoloped
in albino rats on a rachitic diet when compared with
enzyme concentrations of s8lbino rats on the same dlet
supplemented with vitzamin D. In exverimentsl rickets
there was no large increase in the concentration of
blood serum phosphatasgiﬁgfggéfs so characteristic

of human rickets. lherefore, the author concluded
that experimental rickets was not the analagae of

of human rickets and he guoted the Italisn worker,
8coz, as coming to the same coneclusion.

It 1s vossible to conlcude logically from the above
review that certain vitamins may be constituent parts
of some enzymes, and th:t these enzymes show a sig-
nificant decrease during deficiency diseases. In
other csses, the relationship between the enzyme and
the vitamin 1s indirect or obscure. To these cases,
we can apply Green's (47) trace substance (enzyme)
thesis: namely, that there 1s no rationale explanation
availeble of how traces of some substances can exert

profound blological activity except 1n terms of enzyme

phenomena.
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PERNICIOUS ANENIA--AN ENZY}FE DEFICIENCY

Several pgpers appear in the medical litersature
which tend to 1dentify the intrinsic factor of
pernicious snemia witik an enzyme found in gastric
Juice. It was shown by Taylor (55) that normal human
gastric Julce contains a proteolytic enzyme csapable
of hydrolyzing caseln to thne orotease s.age in an
alkaline nedium, but not at a hydrogen lon concentra-
tion below pE4. This range of activity and certain
other properties seemed to distingulish this enzyme
from pepsin, while the fallure of the enzyme to opro-
duce large amounts of amino nitrogen within twenty-
four hours appeared to rule out trypsin and erevnsin,
acting in thelr generally acceoted manner.

Although one cannot assert that this protesnlytic
activity is identical with that of the so-called
intrinsic factor of P. A. as detected clinically, it
is of interest that the proteolytic activity in
question was retained or destroyed under certain con-
ditions which effected the clinical activity of the
intrinsic factor in a similar fashion. Adams (55)
has shown thzt both are unable to venetrate a semi-

permeable 'brand. FHe stated that because of the
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usual presence ¥ interfering enzymes from the intesti-
nsl tract, the 1n vivo method of study was unsatisfactory
for determining in pernicious anemia the amount of
proteolysis which could be ascribed to the proteo-

lytic agent in normal gastric Juice referred to above.
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INFLAMMATION AND INFECTION

The blochemistry of inflammation and infection 1s
a very recent fileld, but 1t has slre=dy yitelded much
knowledge and in the near future wlll prove even more
valuable. Bacteria do not invade tissues by magical
means, but rather with the 2014 of cellular enzymes
which they produce. <+he enzymes interfere with cellu-
lar respiration and weaken the intercellular binding
substance. This paves the way for the bacterial in-
vasion. BSome of these enzymes diffuse into the blood
stream and are carried to all varts of the body where
they exert their destructive effects. Pathogenic
organisms nroduce such potent enzymes as coagulase,
fibrinolysin, spre:ding factor, and many others.which
ald imrensely in the bacterial destructive processes
(29) . Fortunately, however, the body has defensive
enzymes which enable 1t, many tlmes, to defeat the
invading legions of bacteria with thelr coherts of
enzymes. This brief introduction skims the surface of
a vast fleld-~the bloc hemical dynamics of
pathogenesis. Inthls section of the paper, the
experimental basis for some of these phenomena will be

presented. The inflammatory onrocess 1s the fundamental



reaction of the organism to injury and 1t 1is, therefore
a logical introductory subject. 8ince the classic

work of Ople in 1908, the proteolytic enzymes contained
in leukoeytes have been regarded as vplaying an important
role in the blaschemical defense of the organism.

Welss in 1938, (227) made a study of the activity
of the enzymes present in leukocytes. He 1injected
starch, light mineral o0ll, and phosphatide obtained
from Mycobacterium tuberculosis into the pleural cavity
of experimental animals. These substances acted as
irritants and invoked a defensive inflammatory response
leading to the formation of a pleural exudate. The
various tynes of leukocytes present were 1solated and
their cathepsin {(intracellular proteinases) activity
was studlied using denatured hemoglobin as the sub-
strate.

The author found that all the polymorphonuclear
leukocytes, tne monocytes, and the eplthellod cells
cont ined a cathepsin which exhibited an ovntimum
activity at a pH of 3. The leukocytes had in common
a dipe tidase which hydrolyzed dl-alanylglycine at a
pE of 8. The monocytes were, however, dlifferentiated
from the myelocytes by tne £ ct th=t the monocytes

in addition were able to svlit dl-alanylglycine at &
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pE of 5. Furthermore, the monocytes were able to
hydrolyze gelatin and casein at a pHE of 8. Bince
epitheliod celis are, on the basis of embryolegical
researches, derived from mnocytes, 1t 1s interesting
to note that they have an enzyme pattern of activity
which 1s similar to that of the monrcytes and not to
that of the polymorphonuclear leukocytes.

In summary, then, the leukocytes are Aimportant
agents in the defensive reactions of the body. <They
not only actively phagocytize the irritating agent,
be it a pathogenic organlsm or some foreigh substancg
while they are allve, but also by means of their
intracellular protelnases, which are released after
their death, liguify the dead tissue and digest the
foreign agent. This enables the body to rid itself of
the irritant much more easily and to start the process
of repalr earlier.

When the invesion of tissue occurs, the body attempts
to well off the destructive process by encapsulating
it in fibrin. Yertsh bacteris, especlally the strep-
tococcl, produce fibrinolysin which is an enzyme cap-
able of dissolving the fibrin clot, and the path gens
can then extend involving more tissues. It 1s the

presence of flbrinolysin that gives the exudate produced
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by streptococcl the typical thin watery appearance.

For many years fibrinolysin has been considered a
complete enzyme produced mainly by B hemolytic strep-
tococcl. The resistance of human plasma clot to diss-
olution by fibrinolysin has genergliy been considered
an immunecliogical response to infection by this organism.
Because of thls, the dévelopment of resistant clots
during convalescence has been used as a dlagnostic

test for qualyuic strevtococcus disease. But, clot

+

resistance 18 observed in individuals who have no, or
have had no, evident streptococcal infection. Fifteen
per cent of normal individuals, a number of unrelated
infectious diseases such as lobar pneumonia, gonococcal
erthritls, typvhoild fever, and acute nephritis, newborng
and various animael species show clot resistance. Kap~-
lan's experiments in 1946, (98) exvlained some of these
discrepancies.

Kaplan found that stremtococcal fibrinollysis occurred
only in the presence of an accessory plasma component
(1ytic factor) which was very similar in properties to
the serum orotease. Both enzymes occur regularly in
“an lnective state in normal blood ascoclated with the
serum euglobullin fraction. He @monstrated that the
lytic factor was converted into the active protease

by fibrinolysin which was sh wn to be a kinase,



Therefore, the activation of lytic factor by fibrino-
lyein 1s enalagous to the transformation of trypsinogen
into tryosin by enterokinase. Although serum protease
and trypsin have many proverties in common, they are
not identical ae there 1s eseparate specificity of
activators.

Thus, fibrinolysin is really the activator in the
following scheme:

1) Lytic Factor plus Fibrinolysin—Active Protease
2) Active Protease plus Fibrin Clot—Pissolution.

Inhibition can occur in elther equation and resistance
18 due to eilther an antifibrinolysin substence, an
anti~protease substance, or a deficlency of effective
lytic factor in the plasma. All of these take place.
For exampnle: patients recovering from hemolytic
stq;ptococcal'lnfection have antifibrinolysin; patients
with pnemococcal pneumonis and various animals have
antiproteases;}g%;borns are deficlent in the lytic
factor. By sultable control of factors entering into
the fibrinolytic reaction, Kaplan (98) devised a
quantit=ative method for estimating the amount of serum
sntifibrinolysin.

One of the most powerful defenses of the body 1is

the presence of the intact skin which 1s an extremely
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out of the solution. *hey attributedthis phenomena
to the capacity of the injected material to increase
tissue permeability. In the following years the pheno-
mena of spreading and the proserties of spreading factor
(now called the Duran-Reynals Factor) were studled
by a large number of other investigators.

Spreading factor has been demonstrated in extracts
of streptococcus (139, 35), oneumococcus (93, 138),
elostridium (99, 139, 188), snake venoms (44, 129),
bee and leech venoms (32, 124), spermatazoa 81,
90, 122, 126), and certain malignant tumors (32).
McClean (123) has shown that the spreading phenomena
occurred when the injectlon was made into the isolated
skin of rabbit. Duran-Reynals (45) demonstrated the
same thing in muscles, tendons, walls of the stomach
and intestines, and he showed th:t even the permeability
of the vascul=zr system can be locally or generally
increased by means of preparations rich in soreading
factor.

Chain and Duthie (27) reported that testicular
extracts decreased the viscosity of synovial fluid
and vitreous humour with the liberation of a reducing
substance. 8ince such extracts also induced the vhen-

omena of spre 4ing, they suggested that spreading
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factor was i1dentical with the mucinase which had
hydrolyzed the glucids in the fluid. Claude (32), in
a study of leech extracts, contributed further evidence
as to the nature of the spreading factor. He showed
that leech extrach'which was rich in spreading factor
contained a mucolytic enzyme which reduced the visco-
sity of e mucoproteln i1solated from the skin and he
concluded thet the strength of the mucolytic enzyme
paralleled the strength of the spreading factor. 1In
1941, Meyer and Chaffee (137) proved the existance of

a mucin-like substance 1n the skin. It Y& a mucopo -

lysaccharide (hyaluronic acid) containing sufuric acid

was

and 1t %e rel ted to chondroitinsulfuric scid. They
called the enzyme that hydrolyzed it hyaluronidase and

sug gested thet 1t mighi be the spreading factor.

Hobby (89) found that all preparations contahing hyalur-
onldase had spreading effect. Heat had the same effect

on hyalurenidase and soreading factor, but there was

no parallel in the degree of activity of the spreading
factor and of hysluronidase. All oreparations with
spreading actlivity 4id not contain hyaluronidase, and

while antisera to hyaluronidaese specifically and completely
inhibited the activity of the enzyme, i1t did not inhibit
the spreading faector in the same prepsration. While



the minority of experimenters (89, 131, 138) belleve
thet spreading factor is not identical with hyalur-
onldase, the majordy (27, 32, 41, 124, 137) believe
th: t the two are 1dentical. From the evidence presented
in the literature)the latter ovinion ls more sound.
Seemingly there should be a correlation between
the virulence of the organlsm and tne amount of hyalur-
onldase produced by the organism, but Cowley (35),
Kass (99), Euymphrey (93), and MacLennan (130) found
no correlation in strepiococcal, pneumococcal and
clostridial infections. However, HeClean and Rogers
(127, 189) believed that the fallures were due to Ahwa-—
toxin production which supresséd the formation of
hyaluonidase. According to Duran-Reynals (45) the
degree of invasiveness of bacteria 1s largely determined
by the amount of spresding factor present, and the
successive phases of infectlion induced by bacterisa
include the following: (1) the hydrolysis of the
mucold ground substance of the connective tissue, a
pre-existing ' siologlcal obstacle; (2) spreading
primerily through the interstitlal system connective
tlssue.
From the preceding materiasl it is seen that there
1s & mucepolys=sccharide in the skin and that a specific

enzyme, KHyaluronidase, which 1s able to hyrolyze the



glucid, 1s present in various extracts. It is probable
that the enzyme has an important role in the pathogenesis
of invasion, the depolymerization of the mucoid ground
substance of connective tissue. These facts will be
elaborated on subsequently.

Contradictory observations reporting the presence
of an inhibitor of hyaluronidase in blood serum have
appeared in the literacure. Some investigators believe
that this inhibition 1s an antigen-antibody reaction.
For example, by the use of decavnsulati n of virulent
bacteria as a test for hyaluronidase action, McClean
(125) found that the heterol gous as well as the homolo-
gous antisera 1nhiblted the action of the enzyme. The
presence of a substance in horse serum which inhibited
the action of the diffusion factor was mentioned briefly
by Humphrey (94), and Hobby (89). Hewever, experiments
using the velocity of the spreading factor in the skin (45)
and experiments using the depolymerization of hyaluronic
acid by hyaluronidase (122) as a method of assay showed
that the effect of each antiserum i1s lim!‘ted to the
preparation used for the immunization. Furthermore,
the inhibitlon of hyaluronidase activity by antiserum
was strictly speclific and heterologous and normal sera

exerted no effect. Haas (79), on the other hand, in
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a recent article which will be presented in some detail,
demonstr .ted that normal plasma contained a non=-
specific highly active enzyme (antivasin I).

In his article, Haszs (79) reports the presence of
two enzymes 1n the blood plasma which are part of the
defense mechanism of the body. A third enzyme 1s
descrlbed which 1s produced by certain bacteria and
1s found in some venoms. This enzyme promotes the
invasion of tissues. Furthermore, the experimental
findings suggest the existence of two additional
enzymes; one is observed in the plasma, the other in
the invading organism. The author offers invasien as
a synonymous term for hysluronidaese. Ee suggests this
because of its property of promoting invasilon and
spreading. Haas also introduces the terms "antivasin"
and Broinvasin® for the newly described enzymes. The
first enzyme 1s dHund in the normal blood plasma of
mammals, birds and fish. It 1s a defensive enzyme
which rapidly destroys hyaluronidase and 1t 1s, there-
fore, called antivasin I. The second enzyme, prolnvasin
I, 1s “ound in bacteria and venom. It rapidly inactivates
antivasin I, thus paralyzing the body defense mechaniem
and indirectly promoting invasion, The third enzyme,

antivasin II, has been nbserved in normal plasma. It
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acts by destroying proinvasin I, thereby indirectly
counteracting invasion. Quantitative tests for these
enzymes are presented. All observ-tions were made
in vitro. The following diasgram summarizes and

clarifies these reactions:

MECHANISM OF INVASION l MECHANISM OF DEFENSE
\
Hyaluronidase \\ >Polysaccharide
T \Q Antivasin I
Proinvasin I 4&5 f
t ‘4\ Antivasin II
A
Proinvasin II — ——— \\ ~~~~~ -
A
L - — —Antivasin II]
Fig. 1

(from Heas)

Dotted lines indicate postulated enzymes and

postulated reactions.
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The test for the assay of hyaluronidase, antivasin,
and proinvasin, devends upon measuring guantitatively
the fall An viscoslty due to the depgolymerization of
hyaluronic acid by hysaluronidase. It 1s based on
the fact thst hyaluronldase decreases the viscosity
of the glueld at a rate directly oroportional to the
hyaluronidase concentration; The rate of breakdown
of the glucid 1s then directly provortional to hyaluroni-
dase and proinvasin concentration or inversely oprooor-
tional to antvas‘n I and Il concentration. A phosphate
compound inhibits the reaction of antivasin I and
hysluronidase, but does not interfere with the hyaluronl-
dase-glucld rezction. Therefore, Haas put hyaluoni-
dase and antivasin I together wlithout phoephate for a
fixed time. <Then he measured the fraction of hyaluronidsse
remaining intact by 1ts action on the glucid in the
presence of the phosphate substance with a viscosimeter.
(The ohoavhate prevented further eaction between the
antivasin I and hyaluronidase). : The conditions can be
80 arranged that any one of the enzymes in figure I
can be made the rate-determining factor.

Ezas found th:t contradictory to some of the reports
of earlier investigators (discussed vreviously) the

reactions were not antibody-antigen reactions, but rather
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enzymatic reactions. The rate of re-ction between
antivasin I and hysluronidace Qy entrvasin -9 is
directly proportional to the concentration of hyaluron-
ldase. Normel serum has antivasin I and 1t has the
capaclty t- destroy large amounts of hyaluronidase.

The activity and concentration of the defense enzyme

1s of such a magnitude that 1t can deal with a high
concentration of hysluronidase, corresoonding to a
great number of organisms. The reaction curve follows
a graph of the first order--i1t 1s an enzymstic reaction.
Antivasin I activity 1s independent of the glucid
concentration; 1t varles with the temvmerature; 1t 1s
inhibited by phosphste; it is not dialyzable (high mole-
cular weight); and it i1s heat labile. Therefore,
antivasin I 1s n:t an antibody. Enzymatic reaétions
are mechanisms of natural immunity against invading
organisms in distinction to acqulired immunity which 1is
reoresented by antibedy formatlon following exposure

of the animal to the antigen. The antlbody concentra-
tion falls off rapidly after contact ceases. In con-
trast, antivasin 1s present in normel serums of all
animaels investigated. Antibodies react specifically
with antigens while antivasin I 1s non-specific as

it reacts with hyaluronidaese from varilous sources.

Therefore, antivasin I 1s an enzyme.



@nttvastn I, therefore; ie an s::zv;ue) Ma those
cases where the antivasin was not destroyed (i1t was
not destroyed in some of the experiments) the author
suspected the presence of an interfering substance
(proinvasin I). This enzyme is found in certain
pathogenic bacteria and snake venoms and 1t protects
hyzluronida e agalnst desiruction by the body defense
enzyme (antivasin I). There 18 a pronounced fall in
the concentration of antivasin I in individuals with
varous infections.

Proinvasin I 1s produced by pathogenic organisms
gimultaneously with hyaluronidase, and it acts by
destroying antivasin I. Hyaluronidase, although normally
inactivated by antivaein I, is then left intact, since
1t 1s sécompanied and protected by vroinvasin I in
amounts sufficliently large to czuse the destruction of
antivasin I. It was assumed by Faas that proinvasin I
would materially ennance the inv sion of bacteria and
venoms because,by eliminating antivasin I, it permitted
the actlon of hyasluronidase to oroceed unhindered.

The quantitative test for the determination of
proinvasin I content, ueing the viscometric method,
was run by first incubating the antivasin I of plasma

with proinvasin I. <The smount of antivasin I left intact
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after this time was determined by measuring its zction
on hyaluronidase &as previously desc¢ribed. Thus, a
raplid decrea. e in vigzcosity indicated a high aétivity
of proinvasin I. The results showed that the destruc-
tion of antivasin I by proinvasin I was non-specific.
Proinvasin I from all sources inhibited the sction of
antivasin I which means that gh% reaction 1s enzymatic
rather than immunological.

Proinvasin I differs 1n chemical proverties from
any known enzyme and 1t 1s produced by the organisms
which produce hyaluronidsse. Its apvnarant function is
the destruction of antivasin I. The relative proportions
of the two enzymes, proinvasin I and hyaluronidase,
varies greatly depending on the source of the enzymes.
The relative proportions of the two enzymes determine
the course of the reactli n. If only small amounts of
proinvasin I are present, hyaluronidase 1s unorotected
and 1s destroyed by antigasin I and invasion by this
route 1s vrevented. With a high concentration of
proinvasin I, antivasin I 1s rapidly destroyed,and
hyaluronidase thus protecdted 1s enabled to enhance
invasion. The author assumed thst proinvasin I by
protecting hyaluronidase from destruction by the plasms

enzyme, antivasin I, contributed materially to the
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the severity of the infection.

Again certaln exceptions were noted. There were
cases in which antlivasin I was destroyed much less than
usual and this according to Haas, indicated that normal
plasma contailned another enzyme which destroyed oro-
invesin I and therefore acted as a second anti-invasion
factor.

The second facter in the plasma 1s called sntivasin Il
in line with previous terminol gy, by Haas (79). lhe
activity of antivasin IT was determined by the same
type of viscometrlc measurementse. The depolymerization
of the giucid under certaln. conditions 1s a function
of the concentration of antivasin II. to its inter-
mediate position between antivaein I and antivasin I1II,
the action of oroinvasin I 1s determined largely by
the relative vproportions of antivasin I and antivasin
II. For example, with large amounts of antivasin I,
such as were present in plasma of healthy individuals,
proinvasin I reacted with antivasin I so fast that the
reaction with antivasin II could be neglected. Under
these conditlons antivesin II cannot be demonstrated.
Under other conditions, hswever, 8.2, in plasma of
vatients with infections, the concentration of antivasiln

I 1s s0 low that its refe of readtion with oroinvasin I
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becomes negligible. In this case antivasin II will
react with proinvasin I, resulting in the destruction
of proinvasin I. This 1s apparently the physiological
role of antivasin II--the déstructlion of oroinvasin I,
an enzyme employed by the invszding organism. This
function of antivasgin Ii is of imvportznce a.dﬁt proceeded
especlally efficiently in th se cases in which antivasin I,
the primary anti-invasive factor, had been denleted.
Antivasin Il seems to be a normal constituent of
plasma and its presence can be demonsftrated under
various conditions. Pyasma of individuals with*infec-
tions and plasma of cows contain antivasin II. The
presence of this enzyme could be observed easily in bovine
plasma because 1t normally has a low antivasi content
and 18 an especlally rich source of antivasin II. Anti-
vasin II was more resistent to denaturation than anti-
vasin I. Due to the latter fact, 1t was possible to
demonstrate the presence of antivasin II in every nor-
mal plasma as well.
The activity of antivasin I 1n bovine plasma was
forty times lower than in normsl human plasms. Anti-
vasin I in human plasme was raplidly destroyed by
proinvasin I of stalphylococcus gureus but adding a

relatively small smoun. of bovine plasma afforded &al-



most complete protection for antivasin I. Therefoare,
bovine plasma contains the enzyme ntivasin II capable

of destroying proinvasin I. This destruction took

place 80 rapidly that further reaction of proinvasin

I of Dtalphylococcus aureus with sntivasin I of humen
plasma was prevented. The net reesult was that antivasin I
maintained its activity desnite the presence of the
bacterial enzyme proinvasin I.

No direct resction took place between antivasin JI
and hysluronldase and there was no re=ction between
antivaein I and antivasinll . ¥hile antivasin I activity
was abolished by heating for fifteen minutes, antivasin
II activity was not affected.

Proinvasin I from various sources was inhibited by
the antivssin II from various sources., <Lherefore, this
was not a spefific resction, l.e., not an antibody-
antigen reaction.

Haas noted that whille the varlous plasmas used were
active in destroying proinvasin I of moccasin venome,
they were not effective against proinv sin I from
stalphylococcus aureus. ©Since antivasin II is an un-
gpecific enzyme, not an antibody, 1ts fallure to destroy
proinvugin I indicated the presence of an interfering

factor in the enzyme nreparation from Stalphylococcus
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gureus. Haas called i1t proinvasin II, implylng that

by 1ts action, invasion of bacteria was promoted. Pro-
invasin II decreased the activity of antivasin II from
human plasme and it completely inactivated antivaein II,
from the plasma of hogs, chicken and carp. This was
indic ted by antivasin II falling to destroy oroinvasin 1.
With antivasin I. removed, proimvasin I can act to
promote bact~ rial invasion as previously described.
Therefore, the enzyme eystem involved in the process

of invaslon seems to be more complex in bacteria than
in venon.

Antivaein II from human and bovine plasma was much
less destroyed under equal conditions than that from
hog, cmicken and carp plasma. <his dlscrepancy
was explalned by Faas by assuming tentatively the
presence in the nlasma of another enzyme-antivasin III,
which acted by destroying preoinvasin II of Stalphy-
lococcus aureus. A relativdly high concentration
of antivasin III seemed to occur in human and bovine
plasma which resulted directly in the destruction of
proinvasin II and which led indirectly to the destruc-
tion of proinvasin I and hysluronidaece. The existsnce
of the last two enzymes, antivasin III and proinvasin

II, 1s spneculative.



All of these dservations were based on in yitro
experinments, bu%&t 1s only logical to assume that
this is 2 model of the situation prevailing in the
body wlth i1ts continuous interplay between sggression
and defense. The sction of antivasin II directed against
proinvasin I of various invading organisms may possibly
be of practical iInterest and it is desirsble to lmves-
tigate the role of zntivasin II ss a therapeutic agent
in the treztment of bacterlal infections and snske bites.

While Hzag' paper 1s well writien and certainly puts
forth some excellent 1deszss and schemes, 1t must be
borre in mind that the work 1s very recent (April, 19486)
and 1t has not been confirmed by other investigators
at this time. It i1s certalnly indicztive, however,
of the imvortance of more studles of enzymes in in-
vaelion lﬁ‘defense mechsanisms,

Mlany bacteris produce toxins both exotoxins and en-
dotoxins. These substances exert their effect through
gome interference wifth the normel enzymatic egquations.
They sct by two mechaniesms., The first, 1s that a
toxin 1e¢ = substance which blocks s metabolic reaction
in the host by competing with the normsl substrate for
the enzyme cstzlyzing the reactlion. For example, the

zerobic oxidstinn o?f succinate by minced tissues of




guilnea »nig =nd this inhibition is decressed by the
specific antitoxin (129). Lthe second mechanism 1s
that 2 toxin 1s an enzyme exerting toxic function by
ettacking one or more substances which are normsal
constituents of a cell, snd therefore it interferes
with the normal metasbolism of the cell in this way.
Both these hyncotheses of the modes of action of bac-
terial toxine depends on the fszct that the initial
lesion in tne n cell is one of molecular dimensions
snd high chemnical specificity. Since a distortion in
metabolism on bne type of cell or group of cells may

affect the matabollsm of neighborirg cells or tissues,

\v}

2 characterlstic pathological plcture may develop
throughout the tissues of the host as a résult of this
primry lecion. Ine total pathogenic effect of a bac-
terisl infectlon is no doubt a summation of 211 the
metabolié dilsturbsnces caused by the growth of the
microorg=nism, including the disturbances due to marious
non-specific toxlic substznces, for example histamine.
liacFarlane (128) hss shown the possible relation-
ship of the enzyme leclthinese to the local invasive-
ness of Clostridum welchii. The alpha toxin from this

organism containg a2 lecithinase which i1s identicsal,

ct

most likely, ™ith thie lethz21 hemolytlc and necrotic



substance produced by the orgenism. The kcithinase
decompnoses lecithin into phosphocholine and a digly-
ceride. This hydrolysis 1s prevented specificslly by
Cl. welchli (Ty»ne A) antisers. PFalsenfeld (49) has
shown that Vibrio coma has lecithinase activity result-
(;ng~1n_Lhe—pnaiue&}e&—e%—free—phesph&%e—&e&iv&;y_nesu¥£;
ing in the production of free vhosphate choline and
fatty acids from lecithin. This has not been correlsted
with virulence or pzathology at the present time. Schiff
(195) hss 1solsted a lysing ecto-enzyme from Cl. welchii
which ie strictly speciflec for blood group A. So far
as 1ls kn-wn, 1t 1ls the sole pnzthogen and a&lso the only
znzerobelc orgsnism producing an enzyme of this kind.
Peters (160) studied thue effect of diptheria toxin

upon tissue enzymes in yitro. He based this experiment

on the fszct thet diptnerla is chsracterized by ketonuria
and otner symptoms indlcating serious membolic dieturbances.

Tz

kany of the regular pathologicsl symntome, e. s
circul=tory fzilure, f:tty chznges in the myocardium,
interference wilth hezrt action, snd hemorrhsge into
the adrenals zre 2180 capable of ng traced back to

a biochemlcal origin. There wae no evidence of a vit-

amin or dietary deficliency., The study showed that the

dehydrogenaese systems for succinlc, lactic, mslic, and
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B-hydroxybutyruc aclds were nnt affected =2t 211, while
indicztions were that other sycstems studled were slso
unzffected. COxidstlon of lecithin by glutathione was
glightly acceflerzted. The effect on auto-oxidsation
was inconclusive. The author suggested that a study
of the effect of the toxin on the oxidation of fats be
undertasken.

B, R. ‘rethewie (209) investigoted the chemopathology
of pneumoniz in cats. He found that histamine was
liber:ted 1in bronchopneumonia from the isolsted per-
fused and the intasct perfused lungs of cats. Only
a small amount of the histzmine appeared in the blood
ve_ssels; the grester part was found in the lymphatics
end trachesl fluld. By =dding one ounce of adenosine
per c.c. of fluid, after verfusion had been carried oug
a deaminizing enzyme was detected. In bronchopneumonia
the activity of the de=zminsting enzyme in the verfusion
fluld was increzsed. In addition, 2 substance was
liberzted which impaired the cardiackdepression pDro-
duced by adenosine,.

*here z2re many studles in the literature about.the
enzymes 1n§olved In tuberculosls and the hosts resction
to the bacillus. In 1941, Gerstl (54) found that

tubercle phosphatide was biologically the most active
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fraction of the split products of the tubercle baclllus.
It was responsible for the eplthnellzl cell response and
the t.bercle formation. +he monocytes phagocytized the
phosphi:ztide but were unable to destroy it in rabbits,
However, the monocytes of mice can destroy it and they
showed high resistance to tuberculosis. The important
factor in tuberculosis is resistance. L‘he enzymes
respongible for the phosphatide breskdown were stated
to be a phosphatase preceeded by a linase or better

by a lecithinsse. <‘he phosphatsce alone was found not
to be very effective.

In 1942, the same investigator (53) opublished a
paper in which he confirmed the enzyme breakdown of
tubercle nhosphstide. +he enzymes Iwolved in the process
were lecithinase followed by phosphatase. It was found
that the fotty acids split off from the tubercle phos-
phatide inhibited the lecithinace. The importance of
this finding will be obvious after more experimental
results are presented.

Weies (212) in the ssme yesr found that the concen-
tration of csthepsin (endocellular proteclytié enzymes
presumebly concelved with cellulsr growth, repair, and
inflemnation) of the spleen and liver decreased in

reinfected animals, 1, gj animels immunized with non-



virulent bacilll and reinfected with virulent strains.
These protelnases were 1ot appreclably decressed in
the lungs and kidneys. Reinféction with non-virulent
culture resulted in 1little or no decrearce in tilscue
proteinase. In vitro eiperiments showed that that
phosphatides of humen znd boviné tubercle bacilli
markedly depresced catheptic activity. ¥elss inter-
preted this to mean thst in the livers and spleens of
reinfected asnimals which effectively decstroyed the
baclllil thst invaded them, enough tubercle phosphatide
was liberzted from the disintegrated bacilll to 1inhibit
catheptic sctivity. In the lungs and kldneys, however,
where destruction of the ba¢illl under these conditions
was less pronounced, less phosphstide was relessed
and hence there was less denression of catheptic enzymes
The fact that catheptic action was not affected by
reinfectisn with non-virulent bacilll and the well known
fsct that non-virulent vacilll csuse no macroscopilc
tubercles beyond the site of inoculation in highly
susceptible animals were further evidences slong this
line of reasoning. In much more resictant vaccinated
rsbvite, low virulent bacilli were localized. No
bzcilll invaded the livers and spleens and, therefore,

no ohosphstide was libersted in these organs and no



depressicn of catheptic aétivity occurred. On this basls,
iy seemed evident that the decresse in cathepeinsg of
the epleen and liver were due to the inhibitory actién
of the phosphatide which might have been libersteé& during
the destruction of the tubercles.

In 1943, the ssme invectigator (226) concluded from
further experiments with rabbits that the snleens of
the animals infected with the tubercle bacilll by the
intrsvenous route suffered s significant decrezse in
the speed of theilr cathepsin activity; the reduction
being gre:zter when virulent bacilll were injected than
when lowly virulent strains were used. Moen zand Swift
in 1936, had noted thiat cells from animals infected
with virulent strains were less zctive in theilr initial
growth thsn th-se removed from animals infected with
avirulent cultures. They found a close correlation
between the pathologic changes in the spleen and the
growth capszcity of these exXplants in ncrmal tissue
culture medlsa.

Welss and Halliday (225) concluded that there was
no correlstion between the virulence of the ir@ction
and, hence, the extent of injury of tissue and the degree
of enzynic innibitlon exerted by purified protein

derivetives in yitro and that tiere was no proportionsality
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between the initisl growth energy of tissue explants
and the degree of innibitlon of growth exerted on them
by 0ld tuberculin. The same suthors (226) state that
Lurle demonstrated thzt following 2 primsry blood stream
infection of rsbbits with tubercle bacillus the rate

of thelr initizl nmultiplicsastion was fseter in lung than
in the liver or sepleen. Furthermore when immunity
develéped during the course of this first infection,
the bacilli were effectively destroyed in the liver,
spleen, and bone merrow, but not in the lungs and kid-
neye. The organ resistance to tuberculosis acquired

by reboites during the course of a first infection rep-
resented in ezcn case an increment of the innate in-~
hibitory capacity which the different organs possess
agsinst the initial multiplicatior of the bacillti.

Yhe in vivo destruction of bscilli of reinfection was

a fundtion of the sccelferstion and intensification of
the inflemmztory process. The more complete destruction,
nowever, was associated not with e grester intensifi-
cation but with a grester accelerstion of the sharply
localirzed inflammetion.

Because of the important role played by proteolytic
enzymes 1n the dynamics of inflammation and esvecilally

in tuberculovs lesions, Weisec (225) studied cathepsin



activity. His recults paralleled those of Lurie and
furthermore, the suthor showed that the speed with thich
the enzymes of the liver 2nd the spleen hydrolyzed the
substrste benzoyl-l-srgininesmide (BAA) was much greater
then that of the kidneys and lungs. The rank of activity
was spleeny liverD kidney >1lung. <Llhe heightened
physiological gctivity =znd accelerztion of the local
inflammstion observed by Luyrie as 2 result of reinfec-
tilon witnh virulent bacllll wae accompanied here by an
accelerated rate of catnepsin II activity from the spleen
lungs and kidnegs. Immunizatlon of rsbol.s with sviru-
lent straln 4id not increace the speed of hydrolysils

by the endocéllular protelnasses; Jjust as 1t fa led to
Increzce the phagocytie capacity of the cells for
tubercle bacillus in Luyrie's experiments.

Welss and ~=allidsy (224) in some enzymologic investi-
gatlon to throw light on the mechanism of the specific
cytotoxic effect of tuberculin in vitro, observed thst
purified protein derivitive (PFD) inhibited to an
equsl degree proteinase (Cathepsin II) from orgsns of
normel and infected (virulent or non-virulent strain)
snimels. 01d tuberculin (QOT) on the other hand, had
but a2 slight effect, in tissue culture, on cells from

normel snimsls, vt severely injured cells derived from
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animels infected with elther strsin.

The fact that there was selective inhibitory action
of tuberculocsrbohydrste and fuberculophosphatide upon
cathepsin II derived from tissues of infected animals
sugzected the following mechanism according to the
authors: BSince cathergin was the enzyme which was
concerned with tine process of cellulasr growth and repair,
inhibition thereof lends to injury of the cells. OT
was more toxic for tuberculous then normsl cells in
tissue culture becsuse two of its important constituents
(glucid and phosphatide) exerted o selective inhibitory
sctlion on proteinases of the cells.

This observation throws light on the mechanism of
casestion and softening. Czsestion in tuberculosis 1is
a form of coagulation necrosis in which dezd tissue rarely
undergoes autolysls, except as a result of secondary
infection. It 1s quite likely, therefore, that inhibi-
tion of autolysls 1s zccomplished by the glucid and
phoephztide fraction of the bacillus. The authors
further suzgested thet 1t 1le 21so0 possible/that the
develonment of increzssed susceptibllity to the inhibi-
tory action of the tubercle’s products which comes about
a8 a result of Infectbn 1s a defense mechanism as the

baci1lll usually dile in caseous sreas but grow in softened
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areas. Furthermore, the former may undergo calcification
and hesling whereas in the latter the bacilll grow:.and
from there dlsseminate to other sites.

In sumrary, then, in the rsbbit the inherent (natural)
cepacity of the organs (lung, kidney, liver and spleen)
to destroy virulent tubercle bsacilll is correlated
with the speed of hydrolysis of thelr endocellular
enzyme cathepsin II. Immunizstion with non-virulent
bacilll followed by infection with virulent organisms
results in an incressed capaclty to éstroy the bacillil
and & parallel accleration of the peed of ticsue enzymes,
InjJection of non-virulent beacllli slone does not affect
the rste of proteolysis nor does it incresse phagocy-
toels of the organism.

Thece observations permit for the first time correla-~
tlon of orgsn and species susceptibility to infection
witn tubercle bacillus with endocellular enzyme activity.
Tuberculoglucid exerts a selective inhibitory action
on cathensin II derived from tuberculous tlssue, but
is inert in the precence of normal tissue proteinases.
The phosphstide and protein (PPD) fraction are aleo in-
hibitory but are nr-t selective. It is possible that
these substzsnces »nrevent softening of caseous tubercu-

lous foci. It 1is known that in caseous foci, bacillil



tend to dle, wheress in areas of softening (cavitles)
they survive and nultiply. Since softened arezs may
rupture into adjacent blocod vecsels or bronchl and thus
cause disseminstion of the infection, it is imvnortant

to investigate the enzyme antl-enzyme balance under
these conditions. Welss in 1946, (223) has reported
that bistin end others of the B group (thismine, ribo-
flavin, calcium pantothenate, niscin and inositol)

which accelerate growth, were found to have no influence
on the speed of cathepsin activity, even though the former
particinated in the synthesls of proteins and in the
growth »nrocess.

The next few pages will discuss the reported changes
in enzymatic reactions induced by various neurotroplc
viruses. Of all the infectlous sgents viruses are the
most characteristically intracellular parssites and 1t
would seem that a good correlation would be obtainable.
However, the work in this fileld 1s very recent and the
enzymstic processes of the cell are many. Therefore,
the problem of choosing the right enzyme system to
study-~that i1g the one that is most zffected by the
virus--is very difficult. The enzyme involved may be
concerned with the synthesls of sgsome essentiasl structure
in the cell, g. g.i a nucleonrotein, it may be necessary
for 2 resction which yelds energy to the cell, g;g] phog-
phorylation, or for a reaction which is importsnt in

maintaining the permegbility character of an essential
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cell membrane, Glucid, fat, protein, and mineral
metabolism may all be involved,

Since glucose oxidation is quantitatively the most
important respiratory processxtn brain studles in vivo,
most of the studies concern i:, Its respiratory quotient
is aporoximately unity. The brain contains the cyto-
chrome oxlidase system whleh brings about the activation
of oxygen., Cyanide, an inhibitor of the cytochrome
oxidase system, blocks almost completely the oxygen
uptake by the brain, Apparently cytochrome oxidase is
quantitatively the most important oxygen activator in
the brain (234), The dehydrogenases pull off hydrogen
from the substrates which are oxidized. This hydrogen
1s transported to the cytochrome oxidase system Uy
carriers~- in reality vitamins that have been transformed
into coenzymes., Although there is no reference %to 1t
in the literature at the present time, the possible
interference by viruses of the mechanisms of transmission
of nerve Impulses is of future interest,

Vietor and Huang (211) have shown that the Western
gﬁéwgobio production of acid (anaerobic glycolysis) by
embryonic chick tissue. This was not confined to the
nervous tissue as it occurred throushout the embryo,

They suggested that this depression of anaerobic gly-

colysis by tissue might be part of the mechanysm
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whereby vlruses produced tlssue desath.

Rscker =nd Kabat (176) concluded that brain tiesue
infected with the virus of polliomyelitis had decreased
zbility to metabolize glucose under anaeroblic conditions
while the aerobic oxidatlon of glucose was unimvalired.
The authors and others (97, 143, 177) showed that there
was a decrease in the lactic acid content of brains
infected witih poliomyelitis as compared to normal.

This effect of poliomyelitis virus seems specific as

it was not produced by other neurotropic viruses. Other
changes noted by Ksbat (96) in mouse brain infected

with poliomyelitis was an incresse in adenosine triphos-
phzte whlle phesphocreatine and residual 6rgaic phos-
phate decreased. +hese changes cannot be explsined on
the bzasle of greater autolysis in the infected tissue,
since =utolysis would have decreszsed rather than in-
creased the sdenosine triphosphate content. The author
suggested th:zt the intrzcellular parzslte might have,

in the course of its growth and multinlication, broken
down the nucleoproteins of tho cell or might have inter-
ferred with the dephospnorylation of adenosine tri-
phosphzte and, thus, produced an increase of the latter
compound.in brzin tissue. The marked change in the

acid~soluble phosphorous compounds suggests s considerable
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interference with the energy mechanisesms and glucid
metebolism of the neurons by the virus infection.

NicEe and Kabet's (143) experiments demonstrated
that with e high glucose concentration present,
polioumyelitic infected brzain showed a decreased
anaeroblc glucdysis, but the oxyzen consumptlon was
unaffected. At a lower glucose concentration the oxygen
consumntion in »noliomyelitic brains decreased while
anseroblc glycolysis was not significantly beicw normal.
The suthors pointed out the very interesting fact that
brain tissue infected with the virus of Western egulne
encephalomyelitis shoed a specific difference in metsbollism
from the brain infected with poliomyelitic virus.

With the glucose concentration =zt 121 mg per cent,
the oxygen utilization of poliomyelitic infected brains
wes significantly below normzl whike that of the encephalil-
tic brain was not. ¥ith a glucose concentration of 217
mg per cent the oxygen utilization of ehcephalitic
brain wss significently below normal and that of polio-
myelitic brain was not. With lactate-glucose as the
substrate the oxygen utilizastion of encephalitic brain
was significantly below normal and that of poliomyelitis
wae not. With pyruvate-glucose as the substrate,

neither encephslitic brain nor noliomyelitic brain differed
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significantly from normel in oxygen consumption. With
guccinste-glucase =28 the substrste, oxygen utilization
of poliomyellitic brain wss significantly above that
of the normal control. With = glucose concentration
of 7.5 ng ner cent, anserobic metabollsm of the enceph-
slitic brain was significantly below normal whereas that
of poliomyelitic brain was not and finally with s glu-
coge concentration of 229.5 mg per cent, anaerobic
metsbolism of both encephalitic and poliomyelitic brain
was significantly below normsl.

It must be pointed out that Wood (235) failed to
find any difference in the r=te of snserobic glycolysis
of brein tlssue from normal animals znd animels experi-
ment2lly infected with poliomyelitis. EHowevey he stzated
that the methods used so far in the study of the enzymes
may be inadequate and no decision could be made as to
the effect of poliomyelitis on =nserobic glycolysis,
Utter (210) in a well organized paner concluded thst

only = small part of the potentlal anaeroblc glycolytlc

W

.ctivity hsd been studled 1n the previous experiments

on the éffects of the viruses on glucose metsbolism,
Further studies 2re necessary before any definite
conclusions czn e made, but thig fleld of investigatlon
should certainly »rove to be productive of valuable

information.
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wETABOLIC AND DEGENERATIVE DISEASES

Arteriosclerosis: It has been shown by Rich and

Duff (184) and iellon, Baker and MeIlroy (135) that
certaln proteolytic enzymes snd/or their degredstion
products were cepable of producing arteriolar lesions
which were characterisgtic of humsn arteriolosclerosis.
Eyzline arteriolosclerosis and abteriolonecrosis occurred
at the eite of the injJection of tryptic enzymes of

plant or animel origin (pancreatic juice, commercial

or crystelline trypsin and vanzin) within 24 hours

after the 1njection. It was shown that nelther previous
medial hypertrophy nor intimal proliferation was essential
for thie thickening of the wall snd the narrowing of

the lumen. These occurred apnsrently by imbibition and
the microscoplc exsmination showed thest the cellulsr
medls disapneared lesving a homogenious hysline sub-
stance which was either fzintly Dbasophilic or sometimes
purely eosinophilic in color. If {he enzyme was ilnac-
tlvzted by boiling in water for ten minutes, no patho-
logical changes resulted. These articles suggest one
mechanism by which srterial changes resembling the
~pethologicsl findings in humsan ateriolosclerosis can

be produced, but 4o not show any definite efiologicel



-63—

relationshins,

Acute Hemorrhagic Pancrestitis: The pathogenesis

of acute hemorrhsgic pamreatitis will serve as an
introduction to the next topic. Opie (148) by means
of czrefully controlled animsl experiments and asutopsy
findings demonstrated that aside from rare instandes
of primary rupture or occlusion of the pancreatic
blood vessels, hemorrhsgic pancreatitis occureed only

28 2 result of the disruption of the duct-aclnar system

Q

f the pancreas with s subsequent escspe of the secretion
into the interstitisl tiscue of the gland. The majority
of the cacses of hemorrhagic pancreatitis resulted from

a pzrtial obstructlion to the out¥low of secretion, causing
distension and rupture of the z2c¢inl and ductules behind
the obstruction, with the resulting escane of pancreatic
Juice into the inserstitisl tissue. If the escaping
Julce was rich i tryptic ferment and contacted arteries
and veins, their walls were destroyed, and extensive

or localized hemorrhage resulted depending on the size

of the vessels affected. f no arterles or<veins were
present in the vielnlty of the szcinsr rupture, or if

the escaning secretion nad low tryntic power, fat
necrosis, produced by the lipase of the jJulce, was

the only result. Rupture of dilsted thinned-out acini
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behind obstruction usually occurred during periods of
Increaced pressuré in the system resulting from stimuli
which gre=tly increaced the productlon of secretion, e. ;
large wesl and ingesting slcohol. While the underlying
obstruction in some cases of hemorrhaglc pancreatitis

was csused by a gsll-stone lodged at or near the ampulls
of Vater, in most cases, autopsy showed that the main
vancreztic duct wses unobstructed, and the obstruction

was in branches of the duct within the pancreas. Retro-
Jecticn of blle into the pancrestlc duct was an infreguent
cause of hem:rrhsgic psncrestitis and proved cases are
scarce 1n the literszture zccording to Opie. Even in

those cases in which bile retrojection occurred, hemorrhsgic
pancre=titls did not result unless the dquet-ascinar

systen wee runtured =znd secretion with sufficient tryp-
tlc potency to produce vascular necrosls escaped.

Autopsy findings (183), in 18.6 per cent of 150
consecutive cases on individuals over 25 years old,
showed metaplasia of the epithelium of the branches of
the pancrestic duct, ieading to parflal obstruction
and consequent dilzti~n of the scinl and ductules be-
hind the obstruction. It is, therefore, a common
occurrence and would be reported more often if routine
ser’sl sections of the pancress were made., Rupture of
the distended acini behind the obstructed metaplastic

ducts also occurred frequently, but in most cases the
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resulting dzmage was limited Lo foca2l f=t necrosis

or small hemorrhsages. There was evidence that gute
attzcks of severe epigsstric palrns were assocliated
“with thece accldents. iletaplasia of the duct epithelium
z8s0clzated with acinar dllatationws Zound in the
routvine sesctlons of the pancreas in thirteen out of
twenty~-four cases of hemmorrhagic pancreatitis. This
1s probzbly the most common etlological fsctor in the
pathogenesls of hemorrhsgic pancreatitis, though any
of the numerous czuses of duct obstructlon mgy, of
course, lesd L0 the same result.

Rich snd Duff (183, 185) showed that the hemorrhsge
in scute hemorrhsgic vancreatitis resulted from a
peculizsr tyve of necrosis of the wslls of the blood
vessels in the substance of the gland, caused by the
necrotizing =2ction of esceped pancrestic secretion
cont=ining proteolytic ferment without contact with
enterokinase (the normsl sctivator of tryvsinogen
found in the normsl succus entericus). They confirmed
their findings (184) that the chsngee in the arterioles
produced in human snd experimentsl hemorrhagic pan-
crestitie resembled microscopically the hyaline arteriole-
gclerosie often assoclated with hypertension and nephritis

in humzns. <This collaborates the experiments with trypsin




-66-

reported sbove,

While 1t 1s usually stated that the proteclvtic enzyme
of the pancrestic Julce 1s secreted, under ordinary
conditlions in the form of an inactive oroenzyme, tryp-
elnoged, which 1s activated upon entering the duodenum
by enterokinsee contasined in the succus entericus,
snd thst thie normal pancreatic secretion prior to acti-
vatlion possescses only a slight or no proteolytic activity
in 12222$ 1t was shown that introducing pancreatic duct
Julce into the tissues that had never been 1in contact
wlth enterokinase, produced lesions identical with
those produced by sctive tryvsin. The authors (183)
offered two possible explasnstions of this fsct. One,
thet the pancreas, under certaln conditions, secreted
active trypsin; or two, th=at the trynsinogen of the
pancreatlic Julce befomes actlvzted and acquired proteo-
lytic potency when it escaped into the tissues. Re-
garding the first possibility, Rich and Duff quote
Baylise as stating that the pancrestic éecretion induced
by vagus stlmulstlon contasins active trypsin. If this
be true, i1f thne jJulce th:zt escaped into the tissues
hspoened to be Julce thst wes secreted under the influence
of vagus zctivity, 1t would possess tryptic activity

indevendent of extr-nancreatic activation.
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But zpart from the possibility of a secretion of

-

active tryosin, 1t is imvortsnt to note thst tryosinogen
can be converted into active tryosin by means other

than contsct with enterockinase, and there are eeveral
circumstences which could explzin the activation of
tryosinogen when 1t escaped 1into the tissue spaces.

In the firet place, neutralization of the alkaline
pancreztic Julce accelerztes spontasneous activation 1n
vitro sccording to Bayliss (183), and its neutrslization
by the buffers of the tissue flulds may be expected

to have the sameeffect in ylvo sccording to Rich and
Duff. Furthermore, thie eame sauthors quoted S. C. Pres-
cott z¢ having determined that the tryvsinogen of pan-
crestic Julce was converted into zctive trypsin on cen-
tact with calcium ions. In addition, in the experiments
in which the pencreztic duct Juice displayed the pro-
pertles of active trypsin when introduced into the liv-
ing tlssues, necrosls of the tlscuees soon occurred as

a result of the =2c¢tlon of lipsce of the Julce which
needed no gcilvstor: It was probsble thsat contact with

the necrotic tissue and the subsequent reduction of

the oxidation potentizl, although not neéessgary for the

initial sctivation of the Julce, at lezst prompted further

zctivation of the trypsinogen, for there ie evidence thzat

necrotic tissue .ay exzort an activating effect on tryop-
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ginogen. This 1s indiczated by the familiar self-diges-
tion of the pancreas after desth.

In the last few yezrs clinlcians have been using
determinations of the level of amylsse in the blood
gerum 28 sn aid in the differentisl diasgnosis of acute
pancreztitis. They hsve zlso used the blood lipase
level to a lesser extent. The first pzper to suggest
th:zt there were varistions of the blood amylase during
scute transient disesse of the pancreas was Elman's (46)
in 1937. A serles of papers by different suthors then
followed which, in general, showed the imoortance of
this fetermination in the differential disgnosis of
acute pancreatitls,

The normsl blond smylase range as reported by Lewison
(113) 1s ziven as 40-175 units, while McCzll and Rern-
hold (121) reported = range of 30-100 units, and KcCorkle
end Goldmen (128) reported 80-175 as the range of
normslcy.

Popper and Plotke (167) found that while the increased
concentrztion of lipsse may be of some diagnostic
velue 1rn »nancreatitis, the elevation was not ss con-~
stant 2nd unecuivocal as that of the amylése elevation,
while LeC2ll and Rernhold (121) found both valuable,

but the asmylsse more useful cliniczlly because of the

£y k5T
rapldity with which =11 be performed. Popper and
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Plotke (167) found that & high amylase level over sev-

erzl dayse indlczted an active pathological process

3

in the pancreas. he secretory functlion of the dsmaged
pancrezs ususlly stopped in three to five Jays after
the begimming of the disease and this was followed by

a decrease of the blo:d amylsse level. If the blo 4
smylase level declined before thst time, from thelr
results, one can concludq}%g%ﬁ%%%%ie process of the
pancress 1s subsiding, but others (128, 185) disagree.
Rhodes (182) obtsined high re=zdings of blood amylase
from =z large groun of patients only in those in whom
the clinical »nicture warrsnted s dlagnosls of acute
pancreztitis (30 cases). The rise was present early

in tine diseace process snd 1t fluctﬁated remarksbly
within a2 few hours. After twentyfour hours there were
temporsry subnormal resdings in some csses. Therefore,
1t 1s essential that repested teets of the blood smylase
level be run before one c=n exclude the pnossibility

of scute hemmorhaglc nancreztltis.

Lewisof (113) found that azge, sex, dilet, vitamin
deficiency, and starvation hsd no effect uoon the serum
amylase vslues, which in his s ries averzsged 76 unlits
for females and 81 units for males. Ninty-four per cent

of 720 patients having clinical conditions other than
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munpe or disezce of the billary system were found to
heve normsl eerum vslues. Pstlente with mumps and
pencre=titls were observed to have elevated amylace
levels whille pztients with liver dlsesse, regardless

of the kind, were often found to have depressed amylase
levels. f%he asuthor found that the rise in pancrestitis
resched 1ts pesak 1n the first 48 houre and ususlly
returned to normel 1n seversl days.

LeCorkie =nd Goldman (128) found that the serum amy-
lase of 43 creses of acute psncrestitis was elevated.
The lowest maximum reading in any single case of this
dlseace was 225 units, the highest was 2, 459 units,
and the sverage maximum reading was 696 unite. In two
hundred other cacses they used the serum amylsse test
to rule out the vposelbility of acute vancreztitis. They
found thst when the smylsce test was done with*n the
first 2 or 3 days of the z2cute 1llness, a low or normal

(=4

resding wss very vsaluable in eliminzting the likelihood
t

o
=
Y]
e

cute pancreatitis. %he authore disgnosed 14 out

of 42 cases of =zcute cholecystitlis ss hsving acute
pancreatitlis as w-1ll becsuse of elevated amylase findings,
znd they similarly dizagncosed acute vnancre:stitis in 6 of
26 czcses of chronic cholecystitie for the ssme reason.

wcCorkle =2nd Goldman (128) found seversl varistions in
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the amylzse level curve. In the first few hours of
acute pancreatic dlseszse there wess almoet always a

sherp rise in the serum amylase znd the level usually
remained elevsted for from 24 to 72 hours, and then
declined sheroly into tue normal zone. The rise of

the serum during sn episode did not necessarily reflect
the severity or indiczte the tyoe of pancreatic dlsease.
The declinati-sn in the curve did not dways correspond
exactly to the subsldence of the acute process. 1In

some cases there wes a sharp rise and a2 fsll to subnormel
levels which sgsaln meant thst early and repeated deter-
minstions were necessarye_ Por the diagnosis of acute
pancreatitis,fﬁuctuations within the normsl zone, and
sligutly =2bove and below thie ususl normsl renge, occurred
rathier frequently during the dszys following sn eplsode
of acute »nancresztitis. ©Sustalined high amylase levels
were ascoclsted with a continuastion, or with acute
exacerbations of psncrestitis occurring at very fre-
guent intervals. BSecondzry elevations of the serum
amylase sfter 1t hzd leveled out wse interpreted by

the =2uthnrs ae mesning sn acute exacerbstlion of the
pancreztitls even though in some csces there was no
sublecuive or objective signs of thlis occurrence.

In conclusion, it may be stzted that s considerable



elev:=tion (over 180 units ) almost always occurs at some
time during an eplsode of acute pancreatic necrosis,
acute interstitial pancrestitis, or traumatic pancrea-
titis especlally in the first 24-48 hours. BSignificant
elevations 1in the amount of amylase found in the serum
rarely occur except 1in certaln pnhases of acute dlseasses
of the pancreaes, alth-ugh in cert=in instances acute
parotities will czuse 2 rise in serum amylase and occasion-
2lly diseases of the kidner are accompanied by = slight
elev: tlon reculting from impsired excretion. Henal
disezse witn retention of amylase should, however, be
readlly recognized if determinations of both serum and
urinary snmylasse zre made in gll cases in which the serum
amylase 1s on.y slightly 1ncreassed. An elevated serum
-mylase 1s, at the present time, the best differential
dizgnostic criteriszs of acute pancreatitis if seversl
determinations sre run early during the scute conditions.
Catarrsct: A. Bakker (13) hse shown th=t while the
normal lens of the eye has a high constant concentra-
tion of carbonic anhydrase, in lenses with catsract,
there 1s a marked decrease of the enzyme amounting
to complete disappezrance in some cases, The signifi-

csnce of this finding is unknown.



-7 B

Multiple Sclerosis: although many theorles on the

pathogenegis of multiple sclerosls have besn postulated,
1t can Dbe stated that 1ts etiology 1s still unknown.
Enzymes of llpolytic type have been incriminsted by
severzl workers. Brickner (25), in 1930, in experi-
ments 1n which he sought to find 2z lipolytic enzyme,
immerced segrents of the espinal cords of rats in blood
plasns obtalned from pstients withh multiple sclerosis.
Sections of the cords twenty-four hours gter such
immersion snowed th:t multliple sclerotic blood had a
demyelinizing action which wz2s not demonstrable in
blood from controls (humane free of multiple sclerosis).
The results were suggective, but the dilfference between
{he two groups was not very marked.

In 1931, Brickner (23) took the serum and plasma
of normsl snd mu_tinle scerotlic patients and incubated
1t wita egg lecithlin under various conditions. Then,
he titrated for the fztty scid content to determine the
amount of hydrolysls of lecithin‘which oc¢curred during
the incubation period. His results showed a slight
difference beiween the serum snd nlasme from patients
with multinle aclerosis and the normzl controls. EHow-
ever, Richards and Wolff (186) criticized thie result

beczusze the titration velues were too small to be of
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significance end the msximum change in acidity of any
preparztion over a 72 h-ur incubstion veriod was about
0.03 cc--an smount near the 1limit of error of the method
used. Also, when the CO, content wae partially con-
trolled by sezaling the tubes before incubstion, no
change in scidity recsulted; it seems that the slight
variations plotted represented nothing more than the
éhanges in the coz content of the prepsration plus the
exXperimental error.

In 1932, Brickner (24) used lecithin as a substrate
In one series 2nd cevtsin esters were used in a second
series wnlicii wer: incubated with serum from pstients
with multiple sclerosis. =te then measured the degree
to which tne 1ipoldg were broken down by the serum
by ageln estimating the smount of fatty acida produced
in the mixture after a 24 hour period of incubation.
Hye results showed some difference between the break-
down csuced by the sction of multiple sclerotic serum
znd control serum, but the difficulty wss thast the
3ifferonce weze so small that 1t wis necescery to compare
group totzls to see the difference.

Well snd Cleveland (219) found that a larger number
of serums from csces of multiple sclerosis than of

normsl serums zcted “estructively on the spinzal cord
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of rats. However, sucii action was demonstrated in ser-
ums from pztients witn other disezces, and the differen-
ces d1d nost seem to be large enough for the suthors to
draw e conclusion as %o the importance of the increased
lipzse activity 1n the psthogenesis of multiple sclerosis.
They s21so showed that pancreatic lipase did not pro-

duce denmyelinization.

%eil, Luhsn and Bseler (221) and Well snd Heilbrunn
(220) demonstrated in the urine of sbout 70 per cent
of the cares of multiple sclerosis the presence of
e substance which wss myelotroplc but was not, however,
1dentical with the linolytic enzyme of Brickner.

They found this substance in the urline in postenceph-
alitic states, parinsonism, pulmonzry tuberculosis, and
in certzin liver disesses as well and the amount of
lipolytic substznce varied with remissions and exacer-
baticns of the underlying disease process.

Crandzll and Cherry (36) found a blood lipase cap-
able of splitting olive 0oil in 70 per cent of the cases
of multiple sclerosis, 80 per cent of cacses of liver
diseases, snd 7.6 per cent of otaer disesses, =2nd they
interpreted thls to mean thst in multiple sclerosis there
wae 2 functionsl disturbance of the liver.

In 1936, Bricr»~r (2) sttempted to establish a
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relstionship betwéen blood esterzse and the state of
activity of multiple sclerosis. Using methyl but§rste

38 the substrzte, with or without the additionof quinine
( which increzced the smount of hydrolysis), he concluded
thzt in cases of active multiple sclerosls, there was

e high spontzneous esterzse activity while czses in the
inective phase manlfested low sctivity. However, the
differentiation of high and low ester:zcse activity was
based on the effect of quinine, which Erickner ssid
devended on such factnrs se obesity and certsin menstrusl
influences. If thie 1s true, zny differences noted by
thie method must have been 1nfluenced by thése factors;
yet the extent to whicihi they vnlayed a role was not in-
dicated in the results presented.

G. Rivela (187) repested Brickner's experiments us—
ing cerum, plasms, and cerebrospinal fluild froﬂéatients
with multlole sclerosis incubsgted witih the spinal cards
of both whites rzts and rsbbits. He found no difference
in lipolytic action whether the sublect was normsl or
had multiple sclerosis. Richards and Wolff (186)

confirmed Kivels (187) findings using the Warburg

(o))

epparztus the m:nometric methnd which 1s more

m
®
2

accurste than the titrotion methods used by the previous

experimenters to determine the esterase and llpase



2.

activivy.

Therefore, the more recent evidence points agalnst
a lipolytic disturbsnce in the etlology of multiple
sclerosis, but in considering the theory that abnormal
enzymstic activity plays zn etiologlcal role in multi-
ple sclerosis, it sh~uld be kept in mind that one of
tne most charscteristic festures of an enzyme is its
specificity. In view of the fact that myelin is the
gubstance attacked in this pathologic process, 1f follows
thet =yelin should be the cubsirote in any éxperiment
designed to test thils theory. Practically this is diff-
icult, for there 18 no adeguste metriod of measuring
the hydrolysis of such a complicsted substance. Also
it 18 at lesst theoretically possible that disorgani-
zztion of the physical structure galone, without zny
chemical change, would be en~ugh to initiate the dis-
integrstion of the myelin. For the foregoing reassons,
the experiments reported hiere are not adequsate to reslly
dieprove the theory thaft zn gbnormsl enzyme may be
involved in the pathogenesis of multinle selerosis, but
it muet be ststed thst the experiments using simple
substrates and serum from pstlents with multiple
scilerosls and normal patlents =28 controls do ndt show

any significant difference.



-78=

Eypertension: +here has developed in the past

decsde certaln ideas sbout escsential hypertension, ischemic
kidneys/and some enzyme systems of the normal snd anoxic
kidneys. A brief historlcel introduction will be

nresented whicnh will be followed by 2 discussion € the
experiments involving the kidney enzymes,

Tigerstedt =nd Bergmsnn (208) performed s bilateral
nephrectomy sn snesthetlized animsls. They then injected
extracte of kidneys which produced o rise in the srterial
blond pressure. They thought thet the incressed sen-
sitivity was due to the animsls inabllity to excrete
the extract contsining renin, the term introduced by
these workers to describe the hypertensive substance.

HE. Goldblatt et sl (58) were the first experimenters
to show conclusively th=t compression of the rensl
arteries ceused 2z rise in blood prescure. Constriction
of the rensl artery wazs effecied by means of a speclslly
devised adjustzble silver clamp. Ischemia produced
in this way of one kidney, the other remasining intact,
czused a2 moder=te elevatlion of the blodd pressure which
commenced three or four dsys after the operatlon, but
persisted for only a short time returning to the normal
level after g month or so. If, on the other hand, both

rensl arteries wesre constricted, or if only one wag con-
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stricted and the oopposlite kidney w2s removed, pronounced
hypertension resulted and persisted indefinitely, up

to periods of five years or more. The severity of the
hynertensliOn varied with the degree to which the rensl
blood flow wss curtailed. Unless the compression of

the renzl sriery was extreme and, 1n consequence, the
ischemlsa of the kidney very severeg, the eleVatién of

the pressure was not accompsanied by any detectzable im-
pairment of renal functlimand the kidney showed little
higtological change. But with severe constriction of

the srtery, rensl insufficlency desveloped =2nd the animals
dled in uremis sccompznied by wide-snread degenerative
changes in the systemic arterioles; the =arteriolar |
walls in many instences showlng hyeline degenerstion

snd necrosis. Such a state of the vsscular system,

taken together with renszl insufficlency and elevzted
blood vressure, is closely comparsble, it would seen,

to malignant hypertensi-n as seen clinicslly. However,
Goldblatt wae un:zble to produce arteriolar degeneration
in the kidney iteelf, beceuse a severe degree of hyper-
tenslion could not be produced as long =2 one non-ischemic
kidney were protected from the destructive effect of

tne hyvertension by the compressing clamp, 1. e. they
were in s region of low nrescure.

Page (152) found tuat nypertension developed within
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four to six weeks zfter a kidney had been wrapped loosely
in cellophane or ellk. ‘hese m=terials set up a
chronic inflammatory resction (perinephritis) which led
to the formstim of a firm fibrocartilagenous capsule
enclosing the kidney. Eyvertension has also been pro-
duced by obstructicn of the ureters, or by renal
damzge caused by exposure of the kidneys to X@rays, or
the injecticn of 2 nephrotoxic agent. Clinically, 1t
h=s been shown that the removsl of 2 cystlic kidney or
=z chronically infected kXdney mey cause a remarkable
drov in the blood pressure if the other kidney 1ls nor-
mel.

+ine nypertensive effect 1e not dependent upon the
nervous mechanisms (e.g.; a reflex through afferent
endings in tne kidney, tne veseomotor center, a2nd vaso-
constrictor fibers to the systemic vessels) for it
occurs after denervetion of the kidney, or section of
the splanchnic nerves, or of the snterior spinal nerve
roots. Page (153) showed that the oroduction of
experimental high blood pressure by constrictlion of the
renz1 -rtery or x-ray irrsdlstion wss not affected by
preliminary strivping of the renal pedicle of i1ts ex~
trineic nerve suoply. Goldblatt et 21 (57) excised the

epl  nchnices and lower four dorssl sympathetic gangllas
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and found thst 1t had no effect on experimental renal
hypertension. Finally, Child (31) showed that hyper-
tension resulted 1f one kidney, which had been trans-
planted into the meck by anastomosing the rensl srtery
to the carotid =nd the renal veln to the Jugulsr, was
made ischemic znd the other kidney wae excised. The
transplsnted kldney was, of course, comvpletely 1solsted
from nervous control. The inablliity of such denervation
oper:tions to prevent or modify phe hypertensive effects
proved conclusively that 1t wss medlated through s
pressor subst:snce clirculsting in the blood stream.
Eowvever, 1t has beecn shown thst total sympathectomy
vroduces = temvporsry fall in the blocd pressure of
normzl doge (74) and 2 temporary moderate fzll in the
blood pressure of dogs wltih experimental hyvertension
(3, 51). This 1s due to the trsnsient dominance of
vasolilstor fibere and it 1s the basis of the operstions
for eccentisl hypertensizn whicn consiete of totsl
sympsthectomy. Allen (2) reported that i1t lowered the
blood pressure somewhat in favorable csses--these in
which there was z mininum of permznent pathalogical
changes in the srterioles snd organs. Iiis treatment
1s based on the neurogenic theory of orgin of essential

hypertension.snd 1{ is z2ppzrent that it 1s not the
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equlvelent of experimentzlly induced hyvertension.

Leiter (111) snowed thst dcgs with impsired renal
circul=stions were hynersensitive to renin when comnared
with n-rmel dogs. Harrison (64) showed that in ex-
perimental hypertenslon the concentrztion of renin was
increaced in the kidney itself and he suggested the 1ides
of a decreased rate of formstion of a depressor sub-
gtsnce in the ischemic kidney.

While the zpparent cause of the increased »nroduction
of pressor substznce seemed to be lechemla, 1t wag ob-
served by Corcorsn =nd Psge (33) thst the intrz-renal
reductlion of wulse prescure r=ther than iechemia might
ve the cauce of experimentsl rensl hypertension. It
should be noted that Page (150) stated that so fzr the
pressor substznce or sensitizing substance have not been
found, in more than normsl amounte, in the blood, urine,
or spinsl fluld of pstiente with nephritis snd hyper-
tension. However, this does n~t mesan that they sre not
oresent.

Fascliolo (50) in 1938, demonstrzted a vasoc-nstricting
substence in the vencus blood from an ischemic kidney,
The substsnce wa2e active in the absence of the adrenals,
and the normsl healthy kidney was capable of diminish-

ing the =zctlon n* . .%s blood pressure raising substance.



Konlstzedt and Fate (104) repesated the exveriment
rerfusing an 1solzted kidney and confirmed thd find-
ings, and added that reduction of tiie mesn pressure
wsg not necessary for the production o the vssocon-
strictor substance, but rather thst it was necessary
to reduce the pulse pressure =2nd the rste of blood
flow. In a latter exveriment (103) they concluded

that 1t wes the reductlion of the pulse pressure that

=

vae the stimulus for eliciting an outvouring of renin.
ihe reduction of blood flow followed but appeared to
be an effect r=ther thsn the cause of the increased
liberztion of renin. Page (149) showed that the cell-
ophane perinephritis method »f hyvertension produced
similar results.

In 1¢38, the firet of =2 geriee of excellent oapers
by Kohlstse”t, Zelmer and P:ge =vpesred (102). Lhe
sutnors showed thsat dlalyzed renin wss inactive as a
vasoconstrictor agent. Undialyzed renin was moderstely
sctive in vzsoconstriction. Normal heparinized dog'e
whole blood wss inactive. Di:zlyzed renin ple heparinized
dog's blood produced marked vasoconstriction. Undialyzed
renin was potentiated by dog's blood. EHeparinized vlasme
wss insctive. Flasma plus indlelvzed renin was active

(2e with whoo~ 1l-~n2.. %The nrotein-free ultrefiltrste



~84-

of plasma could not activate renin while the colloidal
residue on resuspension sctivated renin. The vsso-
constrictor actioqgf undiazlyvzed renin spnezred to pe

due 1n v»zrt to ncn-»roten materizls contained in 1it,

for the »roteln free fiuld obtained by boling undizlyzed
renin produced vesoconsiriction but wszs not notentisted

by blood as wa

m

renin. Dialysls removed the non-pro-
ten substances. Bolled dialyzed renin with added plasms
or proteln free flltrzte of boniled plasma was vaso-in-
active. These results suggested that renin was an

enzyrie-like substance which wsg zctivated by a kinase-

b

erial conteined in the nrotein fraction of

ct

like nms

}

pleema end while blood., Thls substmnce wae called
"renin-sctivator®.

#1lliams (232) obtained two pressor substances from
the 1solated kidneys of hogs and dogs. One wae heat
labile, slcohcl insoluble, non-dislyzsble, and produced

a2 prolonged but slight rise in blond vpressure. This

5]

wzs stated to be "nressin' (renin). If, however, the

{

kidney was kent out of the body for one to two hours,

o

second nressor sgent was obtzined which was resietant
to bolling, wis dialyzed readlly, and was alcohol
soluble. Its vrescor effect wss potentiated by cocsine

end decreased by ergoamine znd 1ts blood oressure curve
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followed th:t of :zdrenalin. Williame cslled iv "per-
fusin", and in =2 following nzver (231) suggested that
the pressor actlon of kidney extrsct might be due to
edrenzlin ss he had confirmed the fact that its azction
wes potentisted by cocaine snd inhibited by ergo-
tzmlne ags hgé the action of sdrenslin. He, however,
stated thzt differences in nis results snd those of
others night be due to different technioues used.

Cthers (52, 87, 88) confirmed Page's findings (15)
Sh:-t renin w=2s not potenti:sted by coceine in dogs, and
ergot:zmine 413 not prevent its action. It was further
shown by Landis (110) that renin wss the only pressor
sgent which produced =z rise in blond oressure without
lowering the skin tempersture. From the z2bove experi-
mente, 1t bec-me obvious thst the =zction of renin wss
nct due to the glow liber-tion of sdrensline.

Psge (151) in 1930, demonstrated th-t tachyohylaxis
devdoped with repeated injections of renin into anes-
thetized, hepatectomized, suprzrenslectomized, nephrect-
omized, or eviscer:sted dogs. The continuous infuslon
of renin into these animsls produced 2 prolonged rise
of zrterlal blood pressure, but 1t ultimstely decreased
despite the continuation of the infusion of renin. Ee

also showed thet % iy .oyiaxis develoned in the responce
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of 1so0lated rsbolt's esr perfused with blocd and s small
dose of renin. The szme blocd vperfused through a second
ear produced no vegsgoconstriction even when renin wss
sdded to it. If, however, renin-activator was =dded,
prompt vesoconstriction resulted. If renin, Ringer's
solution, and renin-zctistor were »erfused, no tach-
phylzaxis resulted. Blood from animsls msde tachphy-
lectic by repeated injecti-sns of ronin w=s lacking in
activator znd it z3lso fzlled to cause vasoconstriction
in rsbbit's esr when renin and renin-activztor were
added, (some antil subetance must hsve been prefused).
P:zge, therefore, concluded that the blood prescure
may f=211 safter z perlod of renin infusion desplte the
nresence of excess renin in the blond. Injection of
vartielly purified sctlvator restored the activator con-
tent of the blood as demonstrated in the isolated esar
experiment, but produced no effect in the animals mde
tachyphylactic by continuoue infusion. Renin tachphy-
lesix was due to the lose of renin activator and the
develooment of anti-gubstence (a2nti-pressor stste or
vne loss of some subestance necess=ry for the chemical
resction wnicn culminsted in the vressor action of
renin) in the blood. It was due 1n the nerfused esr

experiment 2nhtefl. . e lack of the renin sctivator
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which seemed to be an esgentizsl constituent of the
chemical system recsponsible for tihe renin effect. In
the 2nimel experiment it was due t» the develonment of
some sntl-substznce.

In tue saue year Braun-ilenendez (19) independently
in Argentins noted thst neither renin itself nor the
blood globulins =lone were recponsible for the vaso-
constriction but r:ther their combinstion was responsible
for the vasoconstrictor effect. Tie combinaticn was
czlled "aypertensin" and this substance was found to be
ingctivsted by zn enzyme found in the kidney and other
tissues walch was cslled "hynertensinasse'.

The sa2ne labor:ztory (20) showed thst hyvertensin
formed by tihe combination of renin and the blood pro-
telns pseudo-globulin frac.lon had the same chemical
and physilological provnerties zs did tne pressor sub-
stsnce obtzined from the venous blood of ischemlic kid-
neys. Renin 1tself produced a rise in blood pressure
but its curve of action wss more gradusl and prolonged.
inhen =z fixed amount of renin wss incubsted wit#&arious
gmounts of globulin, the amount of hynertensin produced
wa g rouguly prooportionsl to the smount of globulin.

The authors belleved th:t hyvertensin wss probably a

poly eptlide =2nd 1te Porm=tion was due to a specific
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enzyme-substrzte reaction, They found tie t the normal
kildney produced renin but produced little or n> hyver-
tensin ti1ll the kldney wss 1schemlc, and Buggested
that reducing =2gents were qulte likely t» activate renin
during the annxia. The hycertensin was destroyed by
some substsnce 1n the vrepzration which was elther g
destructive enzyme--hynertensinsse~-or z2n impurity 1n
the prepzetion, In 2 later »naper the same 1nvestigators
(142) found that for = gilven zmount of activation the
maximum yleld of nynertensin c nnot be surnsssed if
ten or twenty tlnes the minimum amount of renin wes
used. If the reaction was stolchliometric the maximum
smount of nyovertensin ought to be proportionasl to the
amount of renin.

in 194G, Page (105, 155), in this country, showed
indevenddntly of Broun-iienendez th:t renin plus
renin-zctivator produced a nressor substance which he
cslled "angiotonin®, (Greek: Dblood vessel plus strain).

The substzance was hest stable and crystalline. Anglo-

tonin (hypertensirn produced & sharp increase in blood
pressure similar tb th=t of adrenaline but more pro-
longed in a single intravenous dose, and 1t differed from
renin in th:=t the rise =2vpvezred much more quickly,

was steeper, and was less prolonged. Cocalne did not
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potentizte 1ts reaction. This was =211 confirmstory of
the Argentina laborstory's experimente. The maximum
yleld of anglotonin resulted when three »narts of renin
were 2lloved to re=ct ®1th one hundred parts of scti-
vator. The experiments showed th-t anglotonin was an
intermediste rathor than the end product =28 further
incubation »f renin and anglotonin resulted in the des-
truction of the anglotonin. The maximum yleld of
snglotonin occurred at 409 ¢ in 30 minutes. Angiotonin
produced 2 sharp immediate blood nressure rise while
renin produced s slow rise with = latent perlod. BRenin
wae =n enzyme according to the =2uthors, because 1t was!
1. 2 nrotein; 2. hezt-lablile; 3. when 1t reacted with
activator the z2ctlon was slow and affected by tempers-
ture (211 chemical reactions are); 4. 1t apoeared to

be required in very smsll amounts relative to the
smount of activstor. Anglotonin sacted primsrily on
perioherzl blo-d vesgsels and e=rly indicatlions seemed
to show th=t 1t &4 not manifest =& much tachyphylaxis
88 renin.

Page (154) then showed thst 2nglotonin recuired an
sctivator for 1ts szctlon and thzt there wss an anglo-
tonin-inhibitor =2s well The blood from intzct animals
made tachyphyalactic to renin or angiotonin did n-t

produce vasoconetriction when perfused slong with reniln
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plus zctivator or anglotonin »nlus activstor in sn 1so-

l=zted organ. When tzchyphylaxls was dsveloped by the

repezted 1Injectlon of renin or anglot-nin into blood
re-circul=ted 1n an 1sol:-ted orgsn, the 2d4d1tion of renin
plus activator or anglotonin plus actlvator »roduced
vasoconstriction. Thls suggested th:t an inhibitor was
zdded to the blood by tie Intact animsl which d1d not
occur in the 1solsted organ. kevhrectomy greatly in-
creazsed tie sensitivity of snimsls both to anglotnnin

and renin. The induction of exnerimentsal hynertension
by the veriniphritls method also increased the sensiti-
vity but not as markedly. Addltlion of anglotonin or

renin to the blood from suci animals csused 3 tre-
mendous amoung of vasoconstriction in nerfused organs.
Tranefusion of nyrm=sl and tschnhylactlc blo.-d into
unepinrectomized or hyvertenslve =nimals reduced the
responee to injectlans or infuslion of renin.

It was shown thst anglotonin does not exert 1ts
vazsoconstrictor effect 1n the absence of s subst:-nce
found 1in red blood cells 2nd serum (zngiotonin zcti-
vator). This frecilon was sepa2rated and shown to con-
tzin 1little or nc renln-sctivator. Angintonin tschy-

phlsxls occurred 1n the experlmentz:l animal but 1t

develoned much slower than renin tachynhylaxis. When
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the anglotonin recsponse was sbollshed, resnin slso
fz1led to act. Large doses of renin reduced and fin-
2lly =bolished =sngiotonin rescponse but exhaustion of
renin-zctivstor in the blood =bolished the renin rec-
ponse without =zbolishing the znglotonin receponse.

Blood from znimsle mzde tachyphylsctic by the infusion
of angliotonin contasined gre=tly reduced smounts of
anglotonin-gctivator, but there zonezred to be an
innioitior in the blood as well. Bilatersl nephrectomy
was shown to orolong and gre:ztly enhance the rise of
arterial blo .d nregsure following angiotonin and renin
adminisiration. The maximum response occurred in 24

to 39 hours post-operatively. Blood from these ani-
mzle exhibited greztly incresased =2bility to actlvate
angiotonin and renin in i1solsted perfused organs. Large
amountes of angiotonin were ne-ded to reduce the amoaunt

of activator in tneir blond. Renin activator wss

[\

simultaneosusly but 1ittle affected.

Yrsnsfusion of blood from snims=ls made tszchynhlactic
to anglotonin into a2 nephrectomized dog decreased the
response of thne lztler to snglotonin. Anglotonin when
2dded to the blo=d of the reclvient of the transfuslion
and perfused tirough a rzbbit's ear also showed a de-

creceed vasoconstriciion szction. Transfusion of normal



blood in large amounts into nephrectomized or hyper-
tensive dogs reduced the recipient's response to renin.
If renin taschyohylexls was established in the donor,
the trsnsfuslion asbollshed the response to renin in
the reciplent. The blood from such animals exhibited
grestly decressed vacocortrictor effect when perfused
through 1c¢olzted organs witix renin or angiotonin.
Therefore, nepnrectomized dogs exhibited the greatest
pressor responce to infusion of anglotonin and renin;
normal snimals the le=st; =znd hypertensive animals in
between. Renin tachypuylactic or normal dog's blood
d1d not reduce areterisk blood vressure elevated by
g single 1njectiodgf renin into nevhrectomized dogs.
In conclusion, these experiments demonstr=te that
snglotonin needs an activator wnicu 1s different from
renin-activator to exert its vasoconstriction. The
activator 1s in tiie blocd and wazs lsolated. Anglo-
tonin t=chyphylaxls sccurs with repeated injlections
but slower tunzn with renin. <The meéhanisms for the
production of techyphylaXis to angiot-nin plus renin
sre interrelated. Tzchypnylaxis svvears to ® Jue to

the exhsustion of thelr resvective activators as well

1y
Lf53

to tie developnint of 1nhibitors which seem to

origin:zte in ov2rt in tne kldneys and it is thelr loss



whici: gccounts 1n a large messure for tne increseed
gsensitivity of =2nimsls to these substances after neph-
rectomy. Eypertensive animsls may not only hsve in-
creased amounts of sctivator in their blood but red-
uced amounts of innibitor as well.
A dlagramstic summary of the renin-anglotonin vaso-
pressor system as presented by Psge (154) is:
Rpanin + renin activator—>angiotonin
Renin inhibitor + renin + renin sctivator—2in-
active substaznce
Renin + angiotonin——ainactive substance
Antlotonin + anglotonlin =2ctlvator—3vasopressor
substance
Anglotonin + anglotonin activator + angotonin-in-
hibitor—sinzsctive substzsnce.

It would seem, therefore, thzt in experimental hy-

©

pertension, decrezce in pulse pressure produces 2
relztive tubulzr 1schemlia whicn leads to an 1ncreased
permeabllity of the tubular cells. Less renln in-
hibitv-rs and angiotonin inhibitor z2nd more renin are
produced by the xidneys and thiere is more angiotonin.
This w uld seem to be the mechanism of the experlimen-

t=211ly induced hypertension. Its purpose seems to be

to maintsh the prover flow 5f blood to the kidneyse--



a compensstory mechanism. Some investigators are in-
clined to believe thzt the neurogenicly induced
generallized v:soconstriction msy oroduce s similar
chemical mechzanism in essentisl hynertension, but
Smith (199), in = comprehensive naver on the role of
the kidney 1in hyvnertenslon, coneludes thst the kidney
l1e seconderily involved and is not the cause of the
disezse, which is still unknown. Wakerlin (213)
c~uld find no correlation between the ranin content
of the kidneys of normsl dogs =nd their blood pressure
levels and tanere is no experimentsl evidence showlng
that renin nas a role in the control and mdntenance
of normal blood vrecsure.

Now th-t the renin-anglnotonin syetem was worked out,
experimenters began to study in more detail the nature
of these subsuances. It wae noted by “elmer, Kohl-
stzedt, and Page (86) that the anti-angiotonin adtivity
of tne kldney devended upon a different chemical sys-
tem than thst of muscle, liver and intestinal mucoss,
ine kidney anti-pressor extrsct destroyed snglotonin
in vitro end probsbly in vivo (88).

Up to 1945, 1t wss only sneculsted thst anglotonin
formation from renin znd renln-sctivator was enzymatic

but in th:t year Plentl end Fage (163) showed that the



=95~

amount of the substrste decomposed wss proportional

to tne concentratlion of the substrate, znd that the
rz2te of the reaction wzs »roportional to the concen-
trztion of tne renin. The logsritim of tne concentra-
tion of renin activity w=s plotted as a function of
the angio?onin pressor response ggalinst time and a
streight line was obtalined as required by the theory
of énzymatic rezsction (first order resction). Renin
was, tierefore, proven to be an enzyme and the renin-
ac.ivator was the substrate. The renin-sctivator was
shown by tiiese same workers (1838) to be identical with
or move with the same electrophoretic mobility as alpha2
globulin. In another vaper (159) they suggested that

the term renin-substrate be substituted for renin-

activator in the light of these enzymstic studies.
Page and Plenti (165) then vroved tha2t angiotonin

wse the intermedi=te product rather than the final

nroduct of renin and renin-activator, reaction. An

enzvme destroying snglofonin was lsclsted =2d 1n the

slbumen fracilon of ne plasmsfwas czlled anglotonase
(Breun's hypertensinsse). <The formation and destruc-
tlon of angliotonin wzs shown to consist of two con-
secutive reactions both of which followed laws of first

order kinetics. The reszction constznt wae found to be



proportional to the enzyme concentration and they
sugzested thast 1t, therefore, should be used to express
the activity of the enz ymes: renln snd snglotonase.

The Croxattos (40) showed thzt vevsin can be sub-

stituted for renin in the oreparation of an angiotonin-lik
.e su stence cslled "pepsitensin®, This was produced
during »eptic digestlon of proteins. Therefore, they

sugrested th=t renin might be chemically a
carbonyl-nroteinase. Flentl and Page (164) concluded that
pepsitensin and anglotonin were not homospecific or
identical and probably differed in the number rather

than the nature of the amino acid residues of which

they were composed. From thelr exnerimente renin

could n-t be classified in any of the grouvs of Berg-mann.
8chales (190) confirmed this ss did@ Braun-«enen-dez (21)
who showed th:-t whille pepsitensin and angiotoninwere
relzted substances, they were not 1ldentlical because
anglotoni, wog tnactivated by hyperteneinase (anglotonase)

from red blood cells while pensitensin was resistant
o this enzyne.

Plenti =n® Pege (162), in 1944, suggested on the

bzsele of thelr experiments thest zngiotonin had a

structure c-ntaining the following: (1) three pevtide

linkages; (2) gz free terminal amino group; (3) a free
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terminal c:rboxyl group; (4) one basic amino acid N

resl-jue which may be t rml .al but 1ts cirboxyl must be

in-yolved in e vevntide linksge; (5) one central

dibasic amino residue in combination with zn aromatic

gmino

acld residue; (6) an arom-tic amino scid residue which
mey be part of five or must be termin=1 with 1ts
carboxyl group in a vpeotide linkage. The workers

believe tast the simplest vossible formula would be

froyl-arginyl-glutanyl-phenylalénine.

aromstic basic acid aromatic

NH;!HTCO__ _NH-lH-CO - _-Nﬂ-c/Hl-co-chiH-CooH

aminoreptidzase nert zmino =2c¢id resldue nepsin
chymotryonsin trypsin carboxyveptidace

the following experiments are concerned with theoxidsti

ve reduction asvects of the engymes found in the
kidneys. In 1935, Kpebe (108) noted th:t kidney tissue
incubsted with amino acids in the =Psence of oxygen but
in the presence of methyline blue resulted in a

deaminstion of the amlno gcis, ammonia formation, and
the reduction of the methyline blue. While '“son (133)
showed thst there w's not necessarily a2 decrease 1nthe
czpaclty of hyvertensive znimsls t> use oxygen,

Levy (112) demonstrated that the renal oxygen
consump-tion decressed in experimental hyvertension.

In 1937, Enltz (91) demonstrated thst the vasocon-



strictor principle in ischemic kidneys was 1denticsl

wita hydroxytyremine. In the following year, Holts

(92) found that phosphate extracts of kidney acted ondopa
(dioxyphenylalapine) aneerobically to form = pressor
substance 1dentified as hydroxytyremine. How-

ever, kidney extracts which acted on dopa and hydroxy-
tyrsmine in the presence of oxygen and seacorblc acid
formed a substsnce (posegibly dihydroxyvhenylacetaldehyde)
which lowered the blo>d pressure >f csts. It was well
known thet vnhenolic compounds contsining sliphacticeamines
as 1de chalns were strong pressor substances,

the m>st potent being z2minoethszne catecnol which was

closely zllied to adrenslin.
Eoltz (92) in his experiments in vitro demonstrated

that while renzl tissue was sble to deczrboxylate tyrosine
and dova in the =zbsence of oxygen, de:mination occurred
only when oxygen w=s present. Thls suggested the nresence
of =n amino oxidsee in the kidney. <+<he oroduct of the
decarboxylation of dlhydroxyphenylzlsnine wes
hydroxy-tyrsmine which wss & vressor substence. The

deaminstion of the same subetgnce produced di-nydro-
xyonenylacetic acld wriich was inert as a vaso pressor
zgent. Yherefore, 1t spveared possible that the oressor
substsnce respcnsible for hynertension wag a simple

pressor asmine, released by tce ischemic kidneys because
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of 2n slterztion 1n the action of some system of enzymes
recuiring oxygen.

In 1941, Bing (19) confirmed Holtz's findings and
elsborzted on them. =e 1nvestig=ted the production
of hydroxy.yramine from dons in tine i1s-lated cat's kid-
ney »nerfuced wilth s reduced blood flow 2nd found thst
5 sizllar rezction occurred. <he smount of vressor
substance formed vzaried witn the rste of blood flow

tarough the organ. In further exneriments Bing (18)

)
showed thst the decsrboxylation enzymes contshed 1n

the kildneys were svecific for certzin amino acids and
vzried with the svecles.

In view of the msrked pressor offecte of some amines
and tne nyvertensicn resulthhg fron the renal iechemlas
produced experlimentally, 2 study in the 1schemic kidney
o2 resplr-ticon 2nd of the oxldative enzymes scting on
samino acids was madie by S. B.Raska (178). The oxidsace
ectivity of tne kidney enzymes of dogs and rabbits wss
determined by messurling the incressed oxygen consumption
and zmmonla formsil n on 2dding the substrates: tyra-
mine, lsoemylamline, l-epinevhrine, histemine, dl-al-
¥znine, l-zsvartic zeid, and 1l-dovas. <“he resulte showed
e definite “screase 27 tiscsue reepir:tl n and a marked

oD

disturbance of aunzyme equllibrium in tne leschemlc kidney.
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The =uthor suggested thst the equilibrium between the
decarboxyl.ting systems anid the oxldastive systems in

) '3
vile 1

ciaenic kidney was altered 1n sucii 2 wsy That

wn

the former was a pathologlcal excess;.;;_%; the anaer-
oblc degradation vrocess exceeded the aerobic oxidatlon
process. Therefore, nressor substances were formed in
lsrger amounts than normzl or new ones were made.

Renin and zngitonin-1ite substances)which might con-
celvsbly be formed st zny stage of the degradation of
protelns or noypentide ’chumMLvUed owing to the reduced

h

oxidizing nower of the icchemic kidney. The author
further st:-ted th=t decarboxylstion of the amino a2clds
l1ed to amines (some of them vressor amines) wich the
1scitemic kidney could not metsbolize €ficiently, since
there was 2 decrezse i1n the oxlizatlve syctems of the
1scihiemic kiléneys. In ischemic kidneys without necrosis
or atronhy, the reenir:stion of tne kidney tissue slices,
thelr oxicdztive nower for amines and amino aclilds, and
2lso tne oxidlzing power of the kidney extracts were
markedly reduced when compared witn the normal kidney.
Raoska stated that 1t was possible that in the first
stage of renal ischem’s the oxidstive ensymes were still
present in sufficlent cusntity, but thelr asctivity was

nt
reduced by the lack of oxygen, nndﬁ@’%sible ack of other




substances supplied by the blood z2nd necessary for the
utilizstion of the oxygen,

In the later stage of ischemia, thmugh pathologicsl
changes of tne cells there is probsbly a decrease
in the enzyme content of the kidney, due either to
lack of the »nrosthetic groun or to a decreased »roduc-
tion of enzyme protein. Levy (112) showed that a de-
crezsed blood flow through the kidney wos sccompnanied
by = decrezsed oxygen consumdtion of the whole organ.
Regks concluded that since a low QO was found for
ischemic kidney tissue in hls experiments, it was logil-
csl to speculate that the functioning of the cytochrome-

cytochrome oxidsse system was reduced. <The fact that

ngsks found a decreased nroductlon of smmonia would
indicate th:t there w2e an interference with the z2bility

of tne kidney to regulste scid-base balance under con-
ditions of lschemia.

Ragks in further studles of tie metabolism of the
kidney (179) found that in experimentally produced hy-
pertension the kidneys showed a marked decresce in the
concentr=stion of cytochrome € 2nd also showed decreased
2etivity of the cytochrome oxidsse and succinic dehy-
drogenase systems when compared with normal kidneys

thus confirming his last paver (178). +he rate of
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oxildatlon of pyruvate and of l-glutamate as well as the
r=2te of glucid synthesls from thece substances w=s
gre=tly decreaced. The rate of formation of asmmonia
from the oxldative desminstion of 1 + glutzmate was
decreased, and tae amount of vproteln-bound phosphorous
was lower. The opposite kidney ("control") showed an
incresse in the cytochrome € concentr:tion, cytochrome
oxidase, and succinlec dehydrogensse activity per gram
from 15 to 35 ner cent over the average normal values,
Unilateral nevhrectomy oroiuced an increase in the
concentration of cytochrome c, fiavin-adenine dinucleo-
tide and »nrotein-bound onhosphorous. Renin innibited
the actlion of cytochrome 2>x1dacse, succinlic dehydrogenase,
l-amino acld oxidzse and the amine oxidase systems,

but the autinor was hesitsnt to szy whether this was

due to renin or some other substsnce present in the
renin extract. Kidney extrzcts from hyvertensive dogs

innibited the szme enzyme systems. Rssks ststed

that since renin 1s s proteolytic enzyme, 1t might/

[
L

it h=d accecss to the respiratory enzymes sbove, be
respongible directly or indirectly for at least part
of the decressed zctivity of thne enzymes in both of
his pmavers (178, 179).

E. Cruz-Coke et 21 (41) found th=t the destruction
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of hynertensin (=nglotonin) wss morkedly accelersted
by oxidized cytochrome and 1t wss sharply retarted by
reducling zagents sucn as sscorbic 2¢id and cystelne.

They presentad the following scneme:

(renin substrate) (angiotonin)
1. Henin + Hypertensinogen—>Hyvertensin (snaerobic
reaection)

(Drotease):>>//ramino acid (anaserobic)

2. Hynertensin + Enz¥me

(cxIE;;;F7““‘-1>X {aerobic)

The Tirst recction was inhibited by vitamin A, certain

olls, and gulnones,and hypertensin was destroyed by

/
renal and intestinel prtelinases, amino poly»nentidases
found in renal extract, blood plassmz, tryosinase, and
czrboxyoentidase.

The »ossibly lowered asctivity of cytochrome exidase,
succinic dehydrogenase, smino acid oxidace, and amlne
oxldzse 1n hyvertensive kidneys might be due to an

enzyme deflclency or 2 defilclency of carriere responsible

for respirztion =25 well

w

s to the presence of inhibitory

substances 1n tne kidney of the hynertensive =nimal.
Rasks (180) aczumed thst the slterations caused in

thie intracellular metebolism by the reduced power of

the oxidative mechanism led to an increaced formation

znd secretion of renin by the kidney in hypertenslon,

and thecse alterations were thougnt to be responsible
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for tne appezrance of large amounts of renin and anglo-
tonin 2nd snzgiotonin-like substances in the renal venous
blood of these animsls. By the szme glterstinn of the
0x1dztlve mechznism in the kidney in renal hyper-
tension, o:her vasoconstridtor substances might of
zlso be produced or relessed. Since the oxidztive
enzymes were snown to be imvortant fr the inactivation
of various vzsoconstrictor substances including anglo-
tonin, s decresse activity of the oxldstive mechanism
not only of the kidney but also of the liver and blood
might result in sccumulstion snd »nrolonged circulstion
of vzsoconstrictor substances which leads to hyber-
tension.

From this experiment by Rueks (180) which dealt
wilth the deternination of the mncentrztion and the
activity of the resvir:ztory en-ymes in the exclised
normal kidney =nd in the remsining kidney of unilaterally
nephrectomnized dogs, one can conclude that an increase
in the concentratlon and activity »>f the resviratory
enzymes nroceeds hyvertrophy of the remaining kidney.
This wee exnlained by the sssumotion that the incresse
of the biocatzlysets acted zs a stinulus for cell growth
snd multinlic tion.

Reske (180) stated that renin was present in high
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concentrztion in tire normal kidney znd he asamed that
une normel kilney secrestes renin in emall amounts. In
experimental rensl hypertension the rate of renin
secretion increases, and Raska believes that there

must occur a simulitaneously increzse in the rate of
form=stion of renin, Like other nroteolytic enzymes
such as pensin and trynsin, renin may have a precursur.
Under the sltered conditions in exverinentsl renal
hypertenéion, the rate of form-tion of renin from the

precursur may increzce. Furthermore, changes in the

ct
C

physlochemiczl state of the cellular membrzne may lead
to grester permesblility for renin, thereby increasing
its rste of rensl secretlon,

a blochemical charzcteristic of experimentzl renal
hynertension an? prob:bly of rensl hynertension in the
numan being, according to the author, seems to be a
functionsl dorangemsnt of the cells of the narenchyma
followed by = readjustment of these cells involving
changes In tae metabolispy of many substances. All
these chsnges can occur without any visible histo-
pathologiczl manifestationg detectable by ordinary
means. It is known that certain enzyme systems such

as cytochrome oxidase, succinic dehydrogenase, amine

oxidase)ané 1 and 3 amino acid oxidase sre assoclated
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with insdable cellular components. ZTherefore, in the
future 1t msy be vossible to demonstr te vathologicsl
changee in kidney structure with rensl hynertension with
speclal stains. Raska believes that since the cliniecal
plecture of escsentisgl hyvertension is eimilsr to experi-
mentally induced rensl hynertension, 1¢ 1s Justifisble
to expect sinilzr blochemiczl findings in humsn beings.
& word of c=ution is ag:in necessary for as has been
mentioned previously, the two conditions zre n-t iden-
tical 2nd there sre many workers (Smith, Goldring,
Cuesie (199) and others) who believe that the mechanisms
of thelr »nroduction are nst the same.

In 1946, Raska (181) vpointed out thst a direct relation-
shi» zwonesred to exlst between the oxidative power of
tune kidney =nd tne Torm . tlon of nywotensive substances.
fhis relationsinlo was indiczted by the incressed con-
centraitlon and increased sctivity of the v:arious resoirs-
tory enzymes in the remaining kidney of unilaterally
nepnrectomlzed dnge when compared to the activity of
the same recsolratory enzyme systems of the excised
kidney of the same gnimel or of the normal kidneys of
normal dogs. There wze a similsr increase in the scti-
vity of the oxldstive enzymes in the uninjiured kidney

0f drges in which the furciln of one kidney was modified
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by silk verimenhritis or vnartizl constiction of the
rensl srtery. In tie latter there wase a decreased
setivity of the oxidstive blocatzlvste. Extrscts

A

prepzred from the remsining zldney of dogs or rabdie
one week tc tiaree months after unilaterzl nephrectomy
were more effective in lowering the blcod pressure

of hyve: tenslve rsbbits and rasts when 1t was given
varenterally thsn extracts orepsred by the same method
from the excised kidney of the same animal or from

the normzl kidneye of normsl d-gs or rabbits, Simllar
results were obtzained with extracts of the uninjured
kidneys of dogs when the function of the opposlte kid-
ney wess altered by wrapping it in silk or »artiasl con-
striction of its rensl artery. Further dudy (181)

o

showed th:t the ircresse in the hynotensive zctivity
of thecse extracts was due largely to z2n incresse of g
dizlyzable blood »nressure lowering fractlion. Rasks
believes thac‘hypotensive substances of rensl origin
ere nrobsbly tue products of the oxidstive process.
They were formed in increszsing amounts in the compensating
kidney.

%e heve now surveyed the enzyms.ic systemse involved

in the production of experimentzl hypertension and we

sre now ro-4 {~ nalyze the pg;gtical spplication of



-108-

of this knowledge to clinicsl medicine by a study, in
tine next section of tnis paper, of the use of variouss
rengsl extracis and enzymes in the trestment of clinlcsl
essentisl hynertension.

E.Werle (228) produced uretral obstruction in guines
»igs and found thzat the stasls produced resulted in g
reduction of the concentratiosn of histidine carboxy-
lzese 2nd histsminace in the kidney of the guinea pig.

i, Wachstein (212) studied chenges 1in the lipsse
z3ctivity and the alkzline phosnhate activity under the
influence of kidney dsmsge 1n rsts, rzbbits, dogs,
mice, hamsters,and guinea nigs. Ee found thst mercury
or uranium poisoning did not insctivaste elther enzyme
in the necrotic cells of the proximal convoluted
tubules, but their activities in the atrophic snd regenerating
cells of the vnroximal convoluted tubules surviving the
scute stzge of intoxication was decreased. Choline
deficiency »nroduced a decrezced activity also. Eydrone-
phrotic kidneys produced a decrease in zctivity in 10 to
12 days. The author believed 1t conceivable that varia-
tions of the ensyme concenirati-ons with fat metabollsm

in the kidney may be eignificant in the regulation of

lipold metabolliem of the whole organism,
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rats displayed a decreased blood pressure the last
few days of their pregnancy and the vlood pressure
gradually increased after delivery. This suggested
that the fetus elaborated an apnti-pressor substance
which is contrary to the clinical findings in
eclampsia, where as soon as the baby is removed from
the mother the blood pressure drops remarkably,

If the increased blood pressure in experimentally
produced hypertension is due to the production of
pressor amines by the anoxi ¢ kidney as was suggested
in the previous part of th:s paper, enzymes capable
of altering pressor amines should be effective,
Tyrosinase 18 such anenzyme, It is very abtundant in
fruits and vegetables and it has the property of oxi-
dizl ng mono~and-ortho~di~-hydroxyphenols to quinones,
(194). VWhen certain physiologically active phenolic
amines are acted upon by this enzy e, derivatives are
formed which are lnactive on the wvascular system, lhe
conversion of adrenalin to adrenochrome is an example
(194).

Schroeder (193) injected tyrosinase into hyper-
tensive rats and noted that it consistently lowered
the blood pressure in five to fifteen minutes after

intravenous administration. The use of tyrosinase
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in normal control animals gave variable results, which
suggests a possible non-specific effect of the enzym
In another experiment, Schroeder (19:<) gave seventeen
patients wlith hypertension daily subecutaneous dosés
of tyrosinase for three to four weeks. In fourteen
cases there was a marked fall in the blood pressure
while there was no marked changes in the other three
cases, Seven of the patiaQnts'electrocardiograms tended
to regress towards more normal tracings, while all
of the patients experienced some subjective rellief,
Kidney function tests were unchanged. 'hen the injec-
tions were stopped, the blood pressure returned to
its previous level ingthree to six days while the symp-
tomatic improvements lasted weeks to months. Three
of the patients had local allergic manifestations, while
one patient had a severe reaction consisting of
nausea, vomlting, Increased peristolsis, brady-
cardia, and a decreased blood pressure., The deposition
of grey or yellow pigment at the site of injection
was common.

In another paper (1lv4), the same investigator
demonstrated that tyrosinase inactivated renin, anglo-
tonin, adrenalin, and tyramine in vitro and altered

the response of blood pressure to these substances
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in rats and dogs. The author suggested that

tyrosinase acted by either oxidiing all compounds

with catechol or phenoliec structure to quinones,

which structural change was accompanied by a change

in physiological action, and in that way tyrosinase
might have destroyed some yet unknown phenolic

pressor substance responsible for hypertension; or that,
perhaps, the orthoquinones produced by the action

of the tyrosinase on the phenolic substances had special
properties; being powerful oxidid ng agents, they

might have destroyed some pressor substance of lower
oxidation-reductiogﬁotential in a manner anslagous

to the destruction'of ascorble acid by orthogqunones,

Croxatto (39) used amino oxidase to enzymatically
destroy anglotonin and submitted this as indirect
proof that the vasoconstrictor substance was a
phenolic oressor amine as suggested by'Holtz, Bing/
and Schroeder (18,92,193).

Page, Helmer and Kohlsteadt (156))11‘1 1941,
studied the effects of parenteral injections of
extract of whole kidneys on 280 hypertensive dogs,
13 patients with malignant hypertension, and six

patients with essential hypertension, Some of the

patients were treated for about a year and the
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arterial blood pressure was significantly reduced,
Other objective as well as subjective signs of imp-
rovement occurred. Because of the occasicnal
shocklike reaction, and the lack of standard chemical
procedures to yield a uniform product of high potency,
and because when the extract was discontinued the
blood pressure increased, they concluded that at the
time, renal extract was not a practical method of
treatment. '

In 1942, VWakerlin et al (215) found that large
doscs of vitamin A reduced the blood pressure of exp-
erimental renal hypertension but they were unable to
explain the mechanism, In the next year, Grollman and
Harrison (75) showed that it was not the vitamin A that
was the responsible agent for the reduction of the blood
pressure, but rather the oil vase in which the vitamin
was dissolved, They found the oll was more effective
as an antipressor agen than were renal extracts, This
casted further doubt on the specificity of renal ex=-
tract entipressor effect,

Schales, Stead, and Warren (191) gave kidney extract
intramuscularly to seven patients daily. In five
patients there was a decrease in the blood pressure
which however appeared related to fever, sweating,

weakness, anorexia, and severe local reactions, In
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two patients there was no decrease in the blood
pressure and there were also no local reactions.
They, therefore, prepared a hypertensinase
(angiotonase) poor extract to determine whether
the fall in blood pressure was produced by a
specific action of the hypertensinase on a renin-
hypertensin system., Their results showed a sim-
ilar fall in blood pressure and they therefore,
concluded that the results were due to a non-
specific effect of the extract on the renin-hyper-
tensin system rather than to any specifie inter-
ference with the pressor system,

Chasls, Goldring, and Smith (30) wondered if
the fall in blood pressure in hypertensive patients
when renal extract was adminlstered could be due
to a pyrogenic reaction. Pyrogenic reactions are
known to produce a sensation of chilliness, pul-
sating lumbar pain, headache, fever, renal hyper-
enia, and a fall 1n blood pressure due to a éomplex
effect on the vascular system. Thelr results
demonstrated that tyrosinase had a pyrogenic action
but did not demonstrate that tyrosinase 1is Without
a specific effect on blood pressure because heating
destroyed the hypotensive action of tyrosinase

whereas pyrogens are generally heat resistant.
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They warn that since tyrosinase does have a pyrogenic
effect in addition to any specific effect it may have,
it should be given with cauticn as pyrogens can induce
an alarming degree of circulatory fallure,

Page et al (157) isolated a more purified
kidney extract and thelr animal and human experiments
illustrated the fact that the more purified substance
produced less syst_emlc and local reaction, but that
there also was a loss of antipressor activity.
Wekerlin (214) also found that the partially purified
extract was superior to the highly purified extract
in the treatment of experimentally induced renal
hypertension, but he found that the potency was
specific for kidney extracts since extracts of hog
liver were not effective in the treatment of the |
hypertension,

Stevens (200) in a paper published in 1946, on
four cases of human hypertension treated with renal
extract which did not contain renin or angio-
toninase descrived a f_pll in the blood prsasure,
Although the blood pressure dropped, the patients
manifested allergic and febrlle reactions and because
of this the authors recommend that the extract not bve

used generally till the toxlic effects are eliminated.
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They do not believe that the blood pressure lowering
was due to pyrogenic activity although the depressor
effect appeared coincldentzl with fever, because

the Dblood pressure measured during the afternnon peak
of the fever was not appreciably lower than that
observed in the morning before the temperature began
to rise. Therefore, vasodilation alone was not
responsible for the depressor effect. The allergic
and toxic of.ects may have played some part in the
lowering of the blood pressure because the local
allergic phenomena apw=® ared in two subjects coincidet
wlith the greatest decrease in the blood pressure,
These obgervations are in agreement with those of
Chasis (30).

In conclusion, one may state that while at the
present time the treatment of essential hypertension
by means of antipressor enzymes 1s still in the experi-
mental stage, and although there are many side effects
of a toxic nature which may aild in the antipressor effect
of these extracts, the experimental evidence shows
that there seems to be a gpecific effect of the enzymes
in addition to the non-specific pyrogenic effect, 1In

the future purified antloressor enzymes may play an
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important role in the treatment of esssntial hyper-
tension, It must be borne in mind that the etiology
of the dlseass 1is still unknown and accurate therapy
depends on knowledge of the etiology.

The next topic to be discussed is the most fascinating
subject in a survey of enzymatic activity 1n£isease,
and it 1s a toplec which in the very near future will
probably be applied practically. The subject deals
with the problem of tissue anoxia which is a very
important problem, for it is likely that the essential
mechanis%émost of the degenerative diseases is, in the
final analysis, deoendent on chronic tissue anoxia,
For ezample, the heart muscle gradually fails probzbly
because the coronary blood flow becomes progressively
more lnadecuate, and, hence, the oxygen supply 1s
not sufficient for the metabolic needs of the organ,
Another example i1s the kidney in which tissue anoxia
has been experimentally indic8ted as the major factor
in ceusing the secretion of various pressor substances
responsible for resulting hypertension. The senlle
changes in the brain are based on chronic tissue
anoxia and the same applies to other body tissues,
Nalignant cells grow by using an anarobic type of metabo-

lism and if a high concentration of oxygen was obtained
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in the tissues perhaps the growth of the malignancy
might be inhibited. Moreover, anoxia is a very impor-
tant factor in aviation medicine,

At the vresent, there are, in general, three practical
methods of approaching the problem of tissue anoxia
clinically. (1) If the circulation is adequate,
attempts may we made to increase the oxygen supnly by
havinz the patients breath gas mixtures rich in oxy-
gne, (2) If the anoxia is due to inadequate circu=~
lation, that is 1f the arterial blood is fully saturated
with oxygen but there is too little of this blood reaching
tae uvissues, attempts mey be made to luprove the circu-
letion,  Neture makes th' s athempt to some extent Yy

developing collateral circulhtibr-asyin

1,21
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surgical procedures. The clinical use of vasodlhtors
1s directed towards the same end, namely increasing
the oxygen supply to tissues deficient in oxygen by
increasing the supply of the arterial blood which carries
this oxygen. (3) The need for oxygen may be decreased
by rest.

There is still another approach to the problem
of tissue anoxia; that of enabling anoxiec tissues to
utilize more effectively avallable oxygen even t_hough

this supply may appear to be lnadequate., Fully saturated
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arterial bleood normally carries with it about

20 volume per cent of oxygen. After tissue utiliiation
of oxygen, about 12 to 14 volume ver cent 1s returned
to the lungs by way of the veins. Only about one-third
of the oxygen which reaches the tissues is, therefore,
utilized. So far as is known, fhe fairly large amount
of oxygen unused by the tissues and returned by the
venous Dblood serves no useful purpose, In other words,
there seems to be additlonal oxygen available locally
in the tissues if it can only be put to use, This is
true even under conditions of apparent tissue anoxisa,

In the past decade, consideravle knowledge has
accumulated regarding the mechanisms of blological
oxicdation., Oxidation is not the simple process whigh
until fairly recently it was thought to be, Actually,
the process of oxidation involves the transfer of electrons
through a series of p’ridine‘ nucleotides and flavo-
protelns, probably through a groupn of C

/ 4

acids, through a serles of cytochromes, and finally

dicarboxylic

to the substance to ve oxidized. It is in the transfer
of electrons from substance to substance that the energy
of the oxidative process is released., Many enzymes
are required for these reactions, and those in turn

require coenzymes, Tissre cells have two mechanisms
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for the liberation of energy. When the final pro=-
ducts are water and carbon dioxide all the available
energy has obeen released and thus process is true
oxidation, but under ansaerobic conditions, the original
molecule is split into two parts both of which finally
yield pyruvie or lactic acids. The amount of eneprgy
released by this anaerobic fermentation is mueh less
than that avallable in true aerobic oxidation. In
the presence of oxygen, the fermentation reaction is
depressed in favor of coumplete operation. This is
called the Pasteur effect,

Cellular respiration depends, first on the fact
that cellular metabolites are oxidized when they lose
hydrogen after activation by their specific dehydrogenases,
Second, on the fact that the main function of molecular
oxygen in the respiratory process is concerned with
the oxidation of the ferrous iron of cytochrome oxidase;
and third, on the fact that the cytochrome is an
essentlial mediator for the transfer of electrons
setween the dehydrogenase systems and the cytochrome
oxidsse, Practically, however, this fact emerges:
In this process, there are certaln chemical substances
which act as respiratory catalysts, Eﬁﬁ they will

catalytically promote tissue oxidation, If it were



-121-

possible to increase the tissﬁe utilization of oxygen
by one or more of these respiratory catalysts, it would
provide a fourth clinical method of treating anoxia,

Proger (172) using the fact shown by Szent-Gyorgyi
that a group of C, dicarboxylic acids (succini%
fumarie, malic/and oxalgeacetic) were concerned in
the process of biological oxidation showed that with
decreased oxygen tbnsion, the catalytic effects In
vitro of these acids was even greater than under con-
ditions of normal or high oxygen tension. His results
showed that in some cases in a ten per cent oxygen
environment, the oxygen uptake of minced heart muscle
of dog was lncreased by more than one hundred per cant
by these substances,

In the intact anesthetized dogs, and under ten per
cent oxygen mixture, certain changes in the electro-
cardiograms which usually occurrcd under these con-
ditions were sometimes apparently prevented by the
previous intravenous administration of sodium succinate.
One explanation for the effect of the succinic acid
action was that 1t might increase the local tissue utlli-
gaation of oxygen sufficiently to overcome some of the
effects of anoxia. The author showed that it was not

a simple vasodilator effect by the foct that nitro-
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glycerine did not produce the same result. In a
following paper, Proger (171) demonstrated the fact
that succinic acid produced an incrcased arterlio-venous
oxygen difference which gave support to the idea
that i1t dld promote tissue oxidation. <The arterial
oxygen contents were the same in the control and the
succinic acid administrated animals, but the venous
content of the succinic aclid animals was diminished
indicating a gres ter utilization of oxygen from the
arterial blood. The total oxygen consumption of
both groups remained the same and, tlesrefore, each
unit of blood supplied more oxygen, which eant that
the succlnic aéid treated animals had a decreased
cardiac output. Therefore, succinic acid should be
useful in the treatment of cardiac wealmess,

E. R, Gubner (77) made a comparative study of the
effects of salicylates, succlnates, sodium ovicaroonate,
sulfathiazole,and penicillin in the treatment of acute
rheumatic fever. Sodlum bicarbonate, sulfathiazolg
and penicillin were found to ve of no value. <The
salicylates were given to sixty-five patients in
daily dosages varying from 4.0 fo 8.7 grows, while
the succinates in the forw of the Cov.le calciun salt

of benzoic acid 21 succinle Lol Denzyl ester were




given to fifty-five patients in dosages verying from

4,0 %o 5.5 grams daily. The svercgs =25 snd ohe
severity of the disease in the two groups were identilcal
as judged by the degree of fever, leukocytosls, accelerated
sedimentation rate, degree of polyarthritis, and the
lowering of the plasma ascorbic acid level,

It was found that on all points analyzed, the cass
recelving the succinate compound responded more favorably
than did those receiving salicylates. The duration
of ecute symptoms, fever, luekocytosis, accelerated
sedimentation rate} and the total days of hospitaliza-
tlon were uniﬁormly and significantly abbreviated.

Signs of carditis developed in 69 ser cent of the
salicylate trested cases, compared with 19 per cent

of the succinate treated cases., Relapses of rheumatic
activity occurred in seven of the salicylate treated
cases, whereas no relapses developed in the succinate
treated group. Drug toxiclty was noticed in 19 per
cent of the salicylate treated cases, but in only 2
per cent of the cases receiving the succlinate compound.

Gubner based his experiment on the previously described
findings of Proger (171, 172), and the fact that
Govier (61) had shown that sodium succinate in dogs

protected to a great extent against the breakdown of

covnmzyme I in cardiac muscle rendered ischemic by




ligation of the coronary artery. Succilnic ascid func
tions as a catalyst in the intermediate metabollsm

of glucids and fatty acids through the Xrebs citriec
acld cycle and it is also belleved to transfer hyrogen
to cytochrome 6, According to Gubner, there is no
evidence that @& deficiency of dicarboxylic acids

exist in rheumatic fever, but he states that numerous
studies have Indicated a wide spread interference with
various enzyme systems involved in tissue oxldation.
The author further states that there is a marked
decrease in porph,rin excretion/that ascorbic acid
concentration was reduced, and that the vitamin A
level of the plasma was also reduced.

Indirect evidence of enzymatic inhibition in rheumatic
fever stems from the fact that sulfonamides, lnown im-~
activators of a variety of respiratory enzymes partis
ularly the dehydreé?ases, exert a deletorious effect
in the disease, Therefore, it apmers possible that
in acute rheumatic fever administration of succinates
helps to prevent inhibltion of suecinic dehyrogenase,
thereby mairmmining cytochrome in its reduced form,
and probably prevents the oxldation and inactivation
of other respiratory enzyme constituents, On the basis

of theoretical grounds and this experiment, succinates
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appear to be better than any other known theraputic
agent iIn the treatment of acute rheumatic fever, and
certainly more clinical experiments should be under-
taken using this chemical as a theraputic agent in hhe
treatment of acute rheumatic fever,

ST, Even under conditions of anoxi s, the venous
blood returning from the tissues contains considerable
unused oxygen. This means that additional oxygen is
available but not utilized. Proger (175) attempted
to inecrease the utllizatlon of the available oxygen
through the catalytic effect of the important cytochrome
respiratory enzymes., He found that the ecytochrome C
content of heart, brain, 1ive?/and kidney was far below
that required for the maximal activity of the cytochrome
oxidase present. Cytochrome C was prepared from heef
heaf{ and was und stable, non-toxic in large doses
in man and animals, recoverable from the blood)and found
in increcased amounts in the organs after intravenous
and intramuscular injectlion. It was apparently broken
down before excretion because it was not recovered in
the urine, By daily intravenous injections of 25 mgs.
he maintained a satisfactory blood level (20 to 30

micrograms per cent) in human oseings. Following




the intravenous injection of ¢ytochrome C there was
a consideravle Increase in the content of this sub-
stance In the heart, liver,and kidney of the rat and
rabbit, A similar though delayed increase followed
intramuscular injection. Proger (175) demonstrated
by 1n vitro experiments using the Warburg apm ratus
that an inerease of cytochrome C, such as can be
quantitatively produced in living organsty injection,
was sufflicient to produce a significant increase in
the tissue uptake of oxygen.

Under conditions of anoxia,the organ content of
cytochrome C increases after injection, whereas
the olood level decreases, With release from anoxia
there 1s a decrease in the organ content and an
increase in the nlood level. <This sugsests to Proger
that the cytochrome supply circulating in the blood
stream acts as a reservoir to be called upon as the
need arises and is replenished when the need no longer
exists,

It is known that the easily hydrolyzable phosphorus
compounds sre largely responsible for Lhe phosphory=-
lation whiéh is so basic to the transfer of energy In
tissues. The content of easily hydrolyzaple phospharous
in the hearts and kidneys of rats underwent a sharp

drop (one-half to one-third of the original content)




when the rats were placed in an stmosphere containirg
three per cent oxygen for five minutes (174). If,
however, the rats were prcoviously injected d\th cyto-
chrome C, there was little or no drop in the organ
content of hydrolyzable phosphorous folloﬁing simila~
exposures to low oxXygen tension. Proger concluded
that the disturbance of phosphorylation resulting
from anoxia may be largely prevented b, the previous
injection of cytochrome C, Under conditions of sevas
anoxia (thr-e per cent) there was frequently a
striking increase in the survival time of the rats pre-
viously injected with cytochrome C compared to the
control aninmals (174).

Klectrocardiographic changes produced in humans
by ten per cent oxygen anoxlia csn be prevented by
the orevious Intravenous injecticn of 25 teo 50 mgs,
of cytochrome C. Proger (170) slso found that the
extreme subjective disturbances which occasionally
occurred with anoxia induced by a mixture of ten per
cent oxygen and ninty per cent nitrogen could be
prevented by the same dosage. With the aid of
Drs, ¥orves and Niven, he obtained evidence which

suggested tha t the impalrment of visual discrimination

which was produced by low oxygen tension might also
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be largely prevented by the injection of cytochrome G

Since visual discrimination 1s one of the earliest
functions to become impaired with anoxia, one would
anticipate that cytochrome C wounld prevent its
development. Proger in & subsequent paper (173) demon-
strated that the impairment of visual discrimination
produced by moderate anoxia (12 to 15 per cent oxygen)
could be completely overcome in five to ten minutes
oy the intravenous injsction of 60 to 70 mgs, of
cytochrome C, The restoration to normal vision which
occurred while the subject was still under the anoxie
condition was, in fact, so complete that an atmosphere
containing 100 per cent oxygen produced no further
improvement.

Anoxis produces an easily measurable effect on
the ablility to transliterate letters into corresponding
codes, the time recuired for transliteration becoming
increasingly longer as the subject goes veyond a certain
critical degree of anoxia, The second portion of this
paper (1l73%) dealt with a study of thls particular
cerebral function, <he experiments were carried out
in a pressure chamber with decompression corresponding
to an elevation of 16,500 feet. In three subjects,

the increase in the time required for decoding the
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words together with the subjective distress accomparyging
this degree of anoxia (11 per cent oxygen) were
completely overcome in five to ten minutes by the in-
travenous injection of 65 mgs. of cytochrome C, In
three subjects electocardiographic changes induced

by anoxia were largely prevented by 50 mgs. of intre
venous cytochrome C,

Intermittent claudication is a clinical condition
in which anoxia plays an important role. In a review
of 13 patients with intermittent claudication treated
with cytochrome C, Proger (169) found that three
patients showed no improvement, three patients showed
definite moderate improvement, while the remaining seven
improved strikingly. Improvement was measured by
means of exercise tolerence which were of two types;
namely, stair climoing and level walking. <The following
case report is quoted.

"B. S., a man 53 years of age, for five to six years
had had pain in the calves on walking. <This pain was
relieved by rest. He had also noticed some pallor
and coldness of the lower extremties. <hree years ago
a diagnosis was made of peripheral vascular disease,

arteriosclerotiec, with vasospasm, and he was subjected
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fo bilateral lumbar symathectomy at another hospital.
There was some improvement for several weeks after

the operation, but the pains soon returned., His

condition grew worse so that shortly before he was
referred to us he could not walk one city block with-

out having to stop because of the pain. He had had

most of the current theraputic procedures for intermittent
claudication to no availfk

"His plood pressure was 115/75 mm, Hg.. There was
no evidence of heart discase, The dorsalis pedis
anc. posterior tiblal pulsations could not be felt on
either side.

"During a control period of eight days (intravenous
injections of an inert solution with a color similar
to that of cytochrome C were given), the number of
trips which he could take on the two-step stair-climb-
ing test before the development of pain varied between
17 and 21, After four days of cytochrome C (daily
injection of BO mgs. intravenously) he could still
make only 23 trips. During the mext six days, how-
ever, there was a progressive improvement so that
after ven days of treatment he could make 50 trips

before the pain developed., The patient was impressed



by the fact that whereas formerly he develoPéd pain
when he attempted to walk one block, he was able, after
the cytochrome treatment, to walk 18 blocks without
paln., A possible further effect of the treatment was
indicated by the considersble improvement in his
general well being, i.e.; hls appetite was better,

he was more vigorous and active., Such an effect may,
of course, by psychic but it was noted in many of our
patients,"

The characteristic response to cytochrome C treat-~
ment conslisted of a steadlly incr-casing exercise toler-
ance over a period of about ten days. After about ten
days of steady Ilmprovement, there was usually no
further improvement despite the continued injections
of e¢ytochrome C, but the improvement was generally of
such a magnitude as to enable a watient who was seriously
handicapped vefore the treatment to carry on practically
normal activities after the trestment. The improvement
continued after the tr atment was stopped. In the
first patient treated the improvement lasted up to the
time the paver was written (one ,ear later). Proger
has no explenation for this exceot that it is possible
thet the series of injecticns restored certain chemlical

equilibria which ther=after maintained themselves,
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A clear distinction must be made between anoxlia
and ischemia, The beneficial effects of eytochrome C
observed so far by Proger have been associated with
relieving the anoxia and probably have had nc or little
effect on the ischemia, outside of the anoxia, With
l1schemia there is not only an oxygen deficiency to
the tissue, but also a deficiency of everytning else
which the circulating blood carries. One can exnect
stimulation of tissue uptake of oxygen to be helpful
only to the extent that the anoxia 1s responsible for
the clinical disturbance,

Lespite the most intensive and widesprcad chemical
studies in the past twenty years on the mechanisms of
biological respiration, there have been comparatively
few attempts to apply the enormous volume of chemical
facts thus elaborated to clinical problems., The most
obvious of such problems deal with tissuve anoxXia
both acute and chronic. “he clinical conditions con-
cerned with anoxia include such diverse subjects as
high-altitude flying,shock, degenerative diseases,
malignancy, fatigue, and many peculiarities in tissue
behavior which have thelr basis in chemical disturbances

which are la turn due <o various degrees of tissue anoxia,
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Malignant cells are known to metabolize anaerobically
and there is a known disturbance in the respiratory
enzyme systems of organisms with neoplastic growths.
Might not the use of cytochrome C injectlons raise
the tissues ability to utilize oxygen and to metabolize
normally at the expense of the neoplastie cells? This
question is certainly worthy of experimentation,

It is now widely believed that tissue anoxia plays
a central or at least an important role in the mechanism
of shock. Proger (173) found thet hemmorrhagic shock
in dogs was favorably influenced by cytochrome C,
Govier and Greek published a series of papers showing
the importance of vitamins in the trestment of shock
(61, 62, 63, 64, 65),.

Govier and Greer (65) induced shock in a number
of dogs by fractional bleeding and thiam’ne was
administered to half of them with sn apparent beneficial
result in that the thiamine treated dogs lived longer
than did the controls, There was a gignificant
difference in the Pblood pressures of the two groups.
The results led the authors to wonder whether thiamine
was acting in its normal manner as a coenzyme in
tissue metabolism because an animal in shock was in
gsome way thlemine deficlent or whéther thiamine was

acting in some ~sther anner, A diagnostic test for



thiamine deficiency is the estimation of the level 6f
pyruvic acid in the blood, JSince the breakdown of
pyruvic acid reqguires phosphorylated thiamine or
cocarboxylase as a coenzyme, a deficlency of thiamine
will cause pyruvate to pile up in the circulating
bloodd Govier and Greer (64) did blood nyruvate deter-
minations on a nuymoer of animals in shock, and the
pyruvate level of the circulating blood rose from a
normal amount of 1.0 to 2.0 mgs. per 100 c.c. to 4,0
to 5.0 mgs, per 100 c.c. of blood, This level is
actually higher than that seen clinically in most
cases of veriberi, Thus, it appearcd elther that
these anlimels became thiamine deficlent as shock was
induced or that their thiamine became incapable of
functioning in a normal manner,

By way of an attack from a slightly different angle,
it was thought of possible interest to find out whether
the amount of thiamine initially present in the dog
might have some relationship to the ease with which
shock was induced in the animal. Consequently,
avitaminosis Bl was produced in a number of dogs,
whereas others were given a stock diet fortified with

vitamin Bl’ An incex of deflciency was given vy the
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determination of the plasma thiamine levels. The
difference in ease of the production of shock was
very striking. The results (63) showed that seven
of the nine thiamine deficient dogs went into shock
after a total bleeding of less than 4,0 per cent of
their body weight, whereas all of the sixteen vitamilBl
fortified dogs reguired more than this amount of bleeding
and 44 per cent of them required even more than five
per cent of body weight in blood to be removed before
prolonged hypotenslon was produced, Other pronounced
differences were noted between ‘these two groups of gnimals,
The tlood pressur< of the low thlamline dogs dropped
percipitously after the first few bleedings and remained
low (45 to 60 mm. HG) throughout the experiment; whereas
the blood pressure of the thiamine fortified dogs
showed a constant tendency to rise even after more
than five per cent of the body welght in blood had been
removed in some cases, Hemoconcentration was also
rmch less as well as the amount of Intestinal hemorrhage
in dogs with high plasma thiamine levels,

With refer: nce to the use of thiamine in the treat-
ment, surprisingly, best results (80 per cent recovery)
occurred in those dogs having intermediate or normal

plasma thiamine levels, Nome of t:ese dogs were
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given fluids to replace the blood withdrawn, and one
could not expect the high thiamine animals to live
without transfusion when half or more of their circu-
lating blood volume was removed. The extensive patho-
logic changes 1n the low thilamine group as exemplified
by intestinal hemorrhage was blamed for preventing their
response to tinlamine slone when It wes used, In most

EN

cri2a, vhe olcere thiiine level rose as the aninal
Greig and Govier (73) interpreted this to mean that,
since thiamine must be phosphorylated to diphosphotHHa~
mine or cocarooxylase in order to be effective as a
coenzymé in pyruvate metavolism, In the tissues
there was probably an equilibriUﬂ;:thiamine nlus
phosphorousfégcocarboxylase. Under normal conditions
most of the thiamine was in tThe phosphorylated form,
but it seeied possible that under abnormal conditions,
such as shock, the cocarboxylase might Lecome dephos-
phorylated, thus shifting the equilibrium to the left
and concomitantly decreasing the smount of metavoli-
cally "active" thiamine, Greig and Govier (73) deter-
mined to th the cocarboxylase and the total thiamine
in the skeletal muscle,liver, and duodenum of dogs

before and after shock, and after thiamine therapy.



Dephosphorylation of cocarboxylase occurred in 92 per
cent of the cases in ruscle, 62 oer cent of the cases
in the duodenum, and 46 per cent of the cases in the
liver, The magnitude of the deohosphorylation was
variable; there being a tendency for more dephosphopy-
lation to occur iIn dogs which went into shock with
relatively small amcunts of pleeding. These findings
were confirmed by Alexander (1), ‘

Thus, animals in shock, althousgh well supplied with
thiamine, were in a sense vitamin Bl deficient, since
their thiamine was in a form which was useless in tisue
metabolism. YThe administration of more thiamine in
large doses to these dogs as treatment resulted in
a resynthesis of the cocarboxylase, Large doses of
thiamine are probaply required in order to raise the
intracellular concentration of thiamine so that resyn-
thesis may occur, even when oxidative processes supply-
ing energy for ohosphorylation of thiamine are greatly
reduced. Greig and Govier (72) found that dogs' serum
contained a phosphatase which hydrolysed cocarboxylase,
Therefore, if any cocarboxylase did diffuse into the
plasma with thiamine it would be rapidly destroyed.
This means that shock cannot be combated with cocarboxy-

lase-~thiamnine must be used. There is normally no ococar-
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boxylase in serum as a2 rezult of this.

As dogs go into shock the animals' plasma thiamine
rose due to the free diffusion of free thiamine from
the tissues to the circulating plasma after cocarboxy-
lase is dephosphorylated as thlamine was more diffusible,
There was no reason to suppose that cocarcoxylase
was the only coenzyme which was broken down in anoxic
conditions or that shock and anoxic anoxia should be
the only conditions in which coenzyme should be broken
down. Indeed, Greig (70) showed a pronounced breakdown
in coenzyme I, the nlcotinomide containing coenzyme
which is essential for the meta lism of many sub-
strates such as lactate, malate, bethahydroxyo—
butyrate, and diphosphoglyceraldehyde, and that the
resynthesls of the eocenzyme occurred after the
administraticn of nicotinic acid, She also demon-
strated a similar breakdown in alloxazine adenine
dinucleotide (flavin adenine dinucleotide), the ribo-
flavin containing coenzyme which is essential for the
reoxidation of reduced coengyme I and for the metabolism
of amino acids. Alloxazine adenine dinucleotide was
resynthesized in the animal in shock when riboflavin
was administered,

Long and his co-workers (119) had noticed an

accumulation of amino acids in the peripheral blood




in shock and this was explained by Greigd(71) demon-
stration of the breakdown of riboflavin containing
coenzymes. Long found that in vitro experiments

the respiration of liver slices from shocked animals
was much less than that of the controls, and that

the addition of coenzyme containing boiled liver ex-
tract increased the oxygen consumption of mildly
shocked tissue., Greig (71) incubated tissue in nitro-
gen and produced a marked decrease in 1ts ability to
oxidize amino and lactic acid, Analysis for cozymase--
coenzyme for the oxidation of lactic acic<=and allox-
zine adenlne ainucleotide~-the coeng_me required for
amino acid oxidation--showed only a slight difference
between anoxic and normal tissue, but adding coenzymes
to anoxic tissue produced some increase in the rate

of oxidatlon but did not increase it to the normal
value,

The summoery of the facts that show that coenzymes
are broken down in shock as presented by Govier (62)
are: (1) The resistence of dogs tgéhock was signifi-
cantly greater in those with high plasma thlamine levels
than those with low values of plasma thiamine; (2)

Animals which were susceptible to shock show a

diffusion into the plasma of large amounts of thiamie,
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indicating cocarboxylase breakdown in tissues,

(3) Cocarboxylase was found to decrease in muscle,
liver, and duodenum in animals subjected to hemorrhage
and anoxic anoxia; (4) Some degree of correlation was
found between the amount of bleed.ng necessary to go
into shock and the degree of the destruction of
cocarvylase; (5) Cozymase and alloxazine adenine
dinucleotiuve were found tod eccrease freguently in the
orain, muscle, end liver in shock; (6) Dogs requring
more than the average amounts of bleeding to go into
shock showed less destruction of tissue cozymese than
did dogs which went into shock witiy small zmounts of
oleeding.

It is obvious then, that the prevention and treat-
ment of coenzyme w.eakdown is of the utmost importance
if normal metabolism, or in fact any metabolism, is
to be meintained in anoxic conditions such =s shock.
High doses of vitaming are an essential part o1 the
modern treatment of shock. In addition, the important
work of Proger -ndicates a great future for cytochrome C
in preventing the anoxia of shock. I do not mean to
imply, however, that other means of therapy are unim-
portant, and certainly in the .reatment of shock one

should ewnloy all of the remedies available.
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rancreatic enzymeg in indigestion: Oelgoetz,

Oelgoetzland Wittekind (147) pud ished a series of
papers in which they attempted to show that indi-
gestion secondary to pancreatic hypofunction was a
feirly common cause of digestive disturbance., They
found that food allergy might be caused by a decrease
in the concentration of the serum enzymes which perwﬂﬁ
whole, unracemized proteins to reach the oody cells,
where, because they cannot oe used as food they
exerted thelr own physiological action which was essen-
tially that of irritation., The administration of pan-
creatic substance by mouth was "theraputically justified
and clinically effective" according to their conclusion.
They explained that tThe stomach and duodenum were
not the essenfal organs of digestion. iuring absorp-
tion in the duodenum the food protein was split to
various derived proteins and amino acids., ‘he bulk
wes changed in varying degrees E;;ELalkaline-metaproteins ord
they pass into the blood streszm where the essential
process of digestion supnosedly occurred. Normal serum
always contains amylase, proteaseiand lipase, In disease
there was a decreased concentration in the serum and
the whole unracemized protein reached the body cells

where it gave rise to "indigesticn--food allergy".
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Pancreztic extract 1s not destroyed vy stomach
digestion, but it is ineffective in the acid media,
However, when 1t reached the duodenun, it is activated
and absorbed raising the blood enzyme level and thus
preventing the food all rgy and the resulting indiges-
tion,

This article was written in 1935, and there are no
articles which either eonfirm or deny the accuracy
of the findings. ‘fﬁe mechanism certainly could explain
some food allergles.

CONCLUSIONS:

1., The main function of thiamine in metabolism is
its action as a coenzyme by comblning with phosphoric
acid to form thiamine pyrophosphate or cecarboxylase
which 1s required for the oxidative removal of pyruviec
acid-= a vital link in glucid metabolism,

2 Ribvoflavin plays an important role in the entire
respliratory mechanisms of the animal body.

3s The function of nicotinic acld in the animal body
is largely related to coenzyme I and coenzyme II.

4, Pyridoxine functions in protein metabolism are
at least partlally explained by its action in amino
acid décarboxylation and in transamination,

5. Although so far no one has conclusively proven

that ascorbie acid 1s a constituent part of an enzyme

system, there ls much indirect evidence associating
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it with enzymatic activity.

6, Only indirect relationships are found between the
fat soluble vitamins and enzymes, Visual purple is a
conjugated protein with vitamin A as the prosthetic group.
The high plasma phosphatase accompanying rickets 1s
most likely a secondary ef ect.

7. Certain vitamins are constltuent parts of sonme
enzyme systems, and these enzymes show a significant
decrease during deficlency diseases, To those cases
where the relationship between the enzyme and vitamin
i1s indirect or obscure, UGreen's trace substance enzyme-
thesls can be applied: Namely, that there is no rationale
explanation avallable of how traces of some substance
can exert profound biological activity except in
terms of enzyme phenomena.

8. Leukocytes are important agents in the defensive
reactions of the body. They not only actively phag-
ocytize the irritating agent, bve 1t a pathogenic organism
or some forelgn suonstance, while they are alive, but
also by means of thelr intracellular proteinases released
after thelr death, liqhify the dead tlssue and digest
the forelign agent.

9. Flbrinolysin is a kinase which activates the lytic
factor of the serum forming an active protease capable
of dlssolving fibrin clots,

10, The results of the study of experimental tuberculosis

and enzymes permit for the first time correlation of organ
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and species suscentiollity to Infection with tubercle
bacillus with endocellular enzyme activity.

11, Consideravle elevation (over 180 units) of the
blood amylase almost always occurs at some time during
an episode of acute hemorrhagic pancreatitis.

12, A definite enzyme system (the renin-angliotonin-
pressor system) is incriminated in the etlology of
experimental renal hypertension.

13, At the present time the treatment of essential
hypertension by means of antipressor enzymes 1s still
in the experimental stage, and although there are many
side effects of a toxic nature which may aid in the anti-
pressor effect of these extracts, the experimental evid-
ence indicates that thepe seems to be & speciflc effect
of the enzymes in addition to the non-specific pyrogenic
effect, In the future, purified antipressor enzymes
may enact an important role in the treatment of
essential hypertension,

14, Intravenous succinates or cybochrome C can pre-
vent some of the electrocardiographic changes caused
by anoxia in animals and man,

15, Succinates on theoretical and experimental
grounds are the best agents in the treatment of
acute rheumatic fever,

16, Cytochrome C combats the effects of cerebral anoxia
as measured by visual discrimination and ability to

transliterate letters.
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17, Cytochrome C appears to be effective In the
treatment of intermittent claudication.

18, Hich doses of vitamins are an essential part
of the modern treatment of shock,

SUMMARY ¢

This paper has reviewed the role of enzyme act-
ivity in deficiency diseases, Inflammatory and in-
fectious diseases, metabolic and degenerative dlseases,
and concluded with a discussion of the role of enzymes
in the therapy of disease, It did not include the
vast realm of enzymatic changes in neoplastic dis-
ease nor did it pretend to cover all diseases, but
rather just those diseases In which sufficient exp-
erimental work has been done to warrant inclusion.

In a recent communication from Dr. S. Proger, I
was informed that c¢ytochrome C appeared to be ef-
fective in the treatment of angina pectoris, Patlents
afflicted with this disease on whom cytochrome C
was used experienced much relief and there was a
decided decrease in the frequency of attacks. <The
value of cytochrome C in the treatment of acute and
chronie tissue anoxia should not be underestimated,

It 1s the sincere hope of the author that this
thesis conveys to clinicians the importance of
enzyme activity in disease and the tremendous pos-
sitilities of the enzymatic treatment of disecase

processes, especlially anoxia,
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