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FOREVORD

Hypertensive diseass and its sequellese are nmong the
chief csuses of desth in the United States. They are said
to cnause the highest dlisability rate of all illnesses in
the age period of 25 to 64 years (67). The ultirate cause
of this condition in the majority of cases has not been
found. many aspects of the phenomena associated with the
diseanse have been studied. iuch 1s now known concerning
the physiocloglcel and pathologlieal changes which are pro-
duced (33). However, our knowvledge is still far from come-
plete, and the treatrent which has been erployed has usu-
ally been unsatisfactory.

une of the rost potent groups of vasodilstor drugs is
that of the nitrites and the organic nitrates. After neerly
o century of use, disadvantages attending their use in
chronic hypertension are well known.,

The purposes of the present study are to explore the
realr of water soluble orgsnic nitrates, the effects of
varyving oll snd water solublility rstios in a series of
hor:ologous nitrates, and some posaible mechanisms by which
the group acts. These aimrs are more adeguately explained in
Chapter 1II. Some aspects of the problemns of hypertension
are reviewed briefly. Hlstoriceal developrents in the fleld
of nitrite and nitrate therapy are presented, =2nd some cure

rent problens discusaed.
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PROBLAS AND CLINICAL AGPeCYS OF HYPERTHENSION

Normal systenic arterial blood pressurse in the human
being is given values which differ srong various suthors.
If the figures sre pooled, normal systolic pressure hns a
range between 90 and 140 rr., mercury, and norncl disstolic
pressure one between 60 and 90 rxr. (58). The aversge fig-
ures for large groups incresse with the age of the indl-
vidusls. kany cliniclians sgree that hypertension exists
if diasstolic blood pressure rersins ebove 90 rr. rercury.
Likewise, if systolic blood pressure rerains nbove 140 rr.,
the conditlion exists. The diastolic level is watched rore
closely by internists, who often spesk of "diastolic hyper-

tension®,
FPRENCEFENA RALATING TO HYPFERTENSION AND HYPERTENSIVE DISEASE

It should be pointed out that it is the periphersl
resistance which mainly deterrmines the diastolic level,
and that the ageregnte cross-gectional area of the arterioles
is the chief fesctor 1n the maintennnce of that resistence,
On the other hand, the systolioc level is8 largely a function
of ths volume of blood « Jected by the left ventricle at esch
contraction. Jystolle pressure ray be ralsed considsrably

without a rise in diastolic pressure in certain conditions.



In these cases, there 13 no increase in peripheral reslist-
ance, and no diastolic hypertension. The overwhelring
majority of cases of hypertensive patlients have increased
arteriolar tone ag the direct cause of thelr slevaiteld presgs=
surs, and in ther, both diastolic and systolle pressures
are slevated. Yet cardiac output, rate of blocd fleow, and
capillary and venous pressures are usually normal until

complicating sequellae occur.,.

Neurogonic Ztlology of Hypertension

The causes of the hypertonicity of the arterioles have
been sought for many decades, 3Jome of these have besen found
in experinental animsals, and some in man., The vasocon-
strictor fibers of the syrpathetic nervous systen normelly
control the state of contraction of the artericles. As an
increassd outflow of the nerve lrpulses over those {ibres
nornally contributes to elevation of biood pressure in times
of stress, it is not surpris;pg that this division of the
autonomlc syster has been suspected ae an etlological
factor in hypertensive disease.

Resection of varying emounts of the thoracolunbar synie
pathetic outflow has resulted in the reduction of blood
pressure to normel or nsar normnl values in some cases of
the dlsesse. Likewize, great decrease in pressure has been
obtained when the autonormic gengllie are blocked by tetra-
ethyl emronium chloride, (13} and when the nerve impulses

are blocked nore peripherally by the use of Dibenamine



(}N,l=dibenzyl -B- chloroethylsnine hydrochloride) (36).
Theae procedures point to the doninating role of ths
srypathetic vasoconstrictor ayster in the reintensnce of

the hypoertenzive state In some indlviduslis, ‘The seleetion

P
d

ey

of wsases Tor surgical trestiient is based on evidencs of
increaned nsurcogeéeniec tone of the arterioles and ol tihe ab-
gsence of the fixed narrowing which may occur in arterio-
gelerosis snd in long stending hypertensive disease. This
evidence 1s cbtained by use of drugs, such as those 1en-
tioned above, or a barbiturate in hypnotic doses. If the
blood pressure cannot be lowered sufficlently by these neans,
surgery 13 not usually indicnted, since experiencs has proved
gsyr:pathectony to be ineffective in such c¢ases,

The role of the erotions in the production of hyper-
tension haa been partislly recognized by physicisn and laye-
men for many decndss. Lt has been extensively studied and
described by physlcinns, psychologists, psychliatriasta, and
erpeclally by posyohosnalysisg. vhe latter clair tc have
found & more or less gpecific type of subconsclous enotion-
al content in the personslity of many patients with primary
hypertension. This pattern is probably developed enrly in
1ife in response to prolonged harshness in interpersonal
relationships. The represased feelings of resentrent, feer,
anger, perhaps reaching nesr-panic stntes, repeated often
enough, are thought to be "atored” in the unconscious nind

as a Torce, a potentisl energy, which later flows out through



the autonovulc nervous aysier L0 produce ineressed voaeulsy

4

A

tone. The Individusl ray be unauvare of auch misgulded e
otions In his baoxesround, and beiisve thnt he 13 well ade
Justed a8 an adult. yLeep psycnocanalysis nay bs thsz only
way to deterrining the content of the unconsciocus rind,

frow which low foreces wildeh zfilest hwian benavior ond physie
ology, and whioh ray producse disense. This is sn extrerely
abbreviated swraery of some of the concepts that have growvn
out of » brsnch of medicine which is belng further explored
and rnore widely recognlized. The relstionship betwveen an
individunlts experiences asnd the production of hypertensive
diseanse will not be proved as eaally as the etiology of an
infesetious disenme, but the psychosomatic theory seers logi-
esl t0 those who have grasped its dvnsesrice role in rmenkind's

illa.

Humoral Theory of Hypertension

Another direction which the search for the gauses of
arteriolsr spsasp has traken is the hworal one. xcess cire-
oulating epinephrine hes’ not been found in prirery hypere
tension, but has bdbeen found in esses of pheochromocytomate,
which are epinephrine producing tumors of chrormaffin tissue,
enbryologically related to the adrensl medulla, They are
relatively resre, and excision of all abrnorral tlasue usually
cures the disease. O(Other pressor erines have been senrched
for, perticulsrly since the role of the ischeric kidney in

hypertension was shown (32). They have not been deronstrateé
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to have =on ctiologic role Iin huran hynertensive disesse,
althicusgh some experironts In snirsle indlesate thrt they
are involved in the hwpertenalon rnroduced by rensl ischerisa,
The sutstanding hurorsl rechonisy Iin rensl hypertension
is the renin-hypertencin (renlin-angiotonin) phenorennsn.
Hypertenain [angiotonin} 15 » powerful vasoconstrictor,
acting directly on the smonith musculsture of the srterioles
(8, 82). It has been found in very fev ceses of hurern pri-
mery hypertension, =snd then only in the esrly stage when the
arterisl nressure is rising. In some gnses of shogck and of
toxenin in pregnasney (17), the renin riechanisr has been
dernonastreted. In many cases of ronsl disesse of various
typen, hypertension is produced, and, if the rennl involv-
ment is unilatersl, remcvel of that organ is comronly fol-
lowed by a2 reductlion of blood pressure, even to norrsl
veiues. Thus twors in or near the kidney, cyats, bnce-
terinl infectlons, caleull, snd other operable pathology
may cauce the renin-anglotonin sejuence resulting in hyper-
tension. GlomerTulconephritis and other diffuse dlsessecs of
the kidneys ray csuse hypertensicn by the ssre mechanisn,
initially (17). ZIExperirentally and in pan, hypertension,
although initislly produced by the renin rechanism, may
becore independent of that hurmoral device, and becore per-
ranent even 1T the ischeric kidney 1s reroved and the fellow
organ 1s normel. The chronliec spnsp of the arterliolas lands

to irreversible Tixetion in the narrowed stnte, Just sng it



oceures in lnte prirary hryrertersion., TIn sueh cnges, Te=
duction of hHlond presaure by wenna ot taetraethyl ~rr-oniunm
arlts, Dibensrine, berhlturnte hyonosla, vemnvel of =
disenge” kidrer {unllateral vethologr ), or avripebtrooiormy,
is irpossible or unsatiasfrctory.

Uther naethods of producirg hrperternsion have bioom ere-
ploved, sueh as resection »T the e¢rrotid sinus ard asrtic
depre-aoy nerves, corpreassion of gorotid nrteries with
resultsant ceredbrsl ischeris, end ks0lin injzetions into
the voentricles of the brain. ‘there 1ls no evidence that
any of the phenorens underlying hypertension produced by

the forecrning manipulationa ecre inveolved In tne esterblishe-

ment of humnn hypertension.
CLINICAL STIDRONED

‘ithe percentnge of canses o hursn nypertension oy
which definite couse can be found, has besn estlrinted na
low =2 B per cent [(52)., Thus 20 or 25 per ecent cnn be
termed “prirary hypertension", or, less sppropriately,
vegazentinl hypertension”. The rermainder 13 known a3
"gsacondnry nvnertenaion®, and 1s knovn to be produced by
a large nurber of condltions.

‘hus rioat of the hypsrtensive patiasnts have no proved
gnuze Tor their Alsensa, and 1t ifa likely that the causes
are mrny and voried arong such ersons. Mony of tham suffar

Incrensing dsmage to0 zeversl areas of thelr bodies durlng
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the yesrs of hyperplesis. Sore have rildly elevated pressure
until dentn results from nrteriosclerosis or other cause,
with little or no other cormplications. Some have suf-
ficiently eleveoted tension ns to burden the neart to the
extent of producing cardisc failure. Forty four to sixty
four per cent terminste in this way according to various
clinician authors. Cerebrsl wvascular accidents claim the
next largest group, estirated to comprise between six and
twenty per cent. 1In about eight per cent, renal function
becomes s0 poor a3 to cruse desth in urermia. All of the
foregoing corplications can occur in the group called prim-
ary hypertension which is classified as "benlgn in contra-
distinction to a small class called "malignant hypertension®.
These two categories were advocsted in 1914, and are still
justified. An estimated 10 per cent of hypertensive pa-
tients will eventually develop the melignant pnnse of the
disense. This is8 a rapldly progressive, fulminsting ac-
centurstion of the hypertensive syndrome characterized by
necrosis of arterloles iIn various sress, with nermorrhage,
thrombosis, encephalopathy, uremia, :nd markedly elevated
arteriasl tension. The diastolic ray exceed 140 rn. Hg in
such cnses, and the gsystolic, 200 mm. This malignent phase
aceounts for nearly all deatns from renal damage in the

course of hypertensive disesse.



ITHADEQUACY OF KnUWN pETIODS OF ThHEATH ENT

Surgical measures

Results of extensive bilateral extirpation of the
thorsacicolunbar symprthetle nerves shows that sntisfaetory
reduction of diastolio pressure 13 seen in &8 varying per-
sentage of cases, accordlng to reports from verious clinies,
Fishberg, in 1948 (27), reported a well studied series ot
119 hypertensive patients selected for symcathectonmy withn
a follow-up period sversging 32 rmontns., 4 25 per cent or
greater reduction of diastolic pressure was still present
in only 30 of tne cases, altnrough "wortnwhile symptoratie
irmproverient” ococurred in 59 per cent. Headasche was often
relieved., Retinopsthy, present in 17 csses before operation,
was greatly improved in 12, Fishberg bellieves that in-
proverent in these cephallc mnnitrestsations riny result from
the redistridbution of arterial blood, s slightly amsller
arount going to the hesd than bhefore operstion. Syrpto-
matic irprovenent nny occur without a fnll in blood pressure
after ayrpathectoriy. Several clinicisnns now consider tnis
surgery a palliative and not a curative procedure, and
Fishberg concludes that 1t is indlcented in lessa then 4 per

cent of patients with "essentlal™ hypertension.

redlosl ganegerient

The nedieal treatrent ot hypertensive dicease hns been

ever. tess effective. Sedatives have but linmited v lue.



Vasodilators have been used Tor three guarters of a century,
and ocre still wildely enployed. However, in nost clinical
reports, they receive 1ittle or no prnise. Despite tinely
Teports to the contrary, potassiun trniocyenate hns tewer
and fewer advocntes arong internists. kost of the care-
ful evrlustions show it to be ineffective. The nitrates,
slthough some are potent depressor agents, are apparently
not populsr with lesmding oliniclilans. Yet many physicisns
prescribe nitrotes as well as thilocysnate., Fotmssiun
iodide snd other agents are =lso used in hypertension, but
it rust be concluded that the profession recognizes no drug
of reanl vslue for the continued reduction of arterinl ten-
sion.

Sedntive doses of a barblturate, xanthine derivstives,
atterpts a2t personsl resdjustrments of home and work faotors,
and varying amounts of psychotherapy, probably constitute
the rain regimen of reotionsnl treatment. Properly carried
out, these mensures provide some degree of success in rost
individusls, 2t least intermittently. There is stiil need
of a rore relliable vasodllstor when the foregoing thera-
peutico alds do not suffice,

Tetrasethyl ammoniur 8slts are not indliented for cone
tinued tremtment, nor is "Dibensmine®, The homeostatic
function subserved by the gsympathetic syster is of such
Irportance, even in the hypertensive pastient, in whon thet

systen riny be overactive, tiat parslyslis of it rust not be
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recklessly accomplished. The organism is at a distinet
digadventage if it cannot quickly adjust itself to the
sudden changes esuzed by postural,; post-prandiasl, emotional,
exertional, =snéd other physiologicesl fretors. The synpae
theotonized patient frecuently has distressing posturnl
hypotension requiring an abdorenal binder to resist the
graviation of blecod into the splanchnice ares and legs in the
upright position.

Thus for physiologiec reasons, the control of arteriolar
tone by rmesang of nerve blocking drugs or procedures 18 a
complicated problem. Yet this amvenue of approach is aired
at one of the direct c¢nuses of the vascular hypertoniecity,
and may eventunlly offer a asastisfsctory therspeutic ap-
plicsation. ¥%e rmust lesrn to reduce the excessive and use
ually futile outflow of nerve irnulses to the vessels, yet
t+n allow the phvsiologic stresr to flow and fluctuste nore~
rallv. That would appear to be e difficult fesmt to expect
from s pharracologic sgent. While lts accorplishrent 1a
being awerited, a directly scting vasodilator drug might offer
some advantages. ‘There also rerslns the possibility thet
hurior=i substinnces are involved in the meintensnce of hyper-
tension.

Drugs which amct upon the grooth ruscle cells of are-
terioles, csnusing relaxmation without parslysis, nay yet cone
stitute the rnost sstisfrsctory sdjunct to the trestient of

aypertension. Physiologic vasoconstriction is possible
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during the residence of the nitretes in the body in nost
eases, hence function is not too greatly handiespped. In
order to be ussful, however, such drug rust be eble to ree
lax the rusculsris rost of the tire, snd with = suificlent
degree of mction ss materielly to lower the dimstclic prese
sure. rFurthermore, the toxicliy must be low enoush to ale
low continued use., Tolerance must not be too rapidly dee
veloped, slthough slow development vould not prohibit the
uge of the sgent in interrittent neriods alternasting with
a Tev weaxs in which gsensitivity rignt be restored. fven
intermittent therapy right be tetter than none, and some
patients rmight be 3low to develon tolerance, Loy toxicity
would sllow gradusl inoresse In dosnre as tolesrronce develops.
It was with these physiologic and pharrmacologic princi-
ples and aims in nind that the present resesrrch vwss exX-

acuted,
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AND OF ORGANIC NITRATES
GiIIRAL  SURVEY

The first nitrite nenticned in the litersture, ac-
cording to Atkinson (2), is that of ethyl, the discovery
of which 18 acecredited to Rayrond Lully {1238 to 12185).
It waz the oniy nitrite used in medleine until the niiddle
of the ninsteentn century. Richardson reported nn 1itis
toxic manifeststions in 1867 (86). rentlion hss beern rade,
noweveyr, of the incorporation of potassiw. nltrate in "niter
papers” for the trentrient of asthra in 184E2. The powder in
thege packages was burned snd the smore Inhaled. Any nie-
trite forred and ebsorbed by the lungs 1:ight cause relaxa-
tion of the smooth rmusc!e fibres of the bronchioles. Juch
reriedies survive even today, but are not officirlly recog-
nized,

kodern therapy wlinh thls class of substances begen vith
the pharmaculogilesl investigstlion of glyceryl trinitrste by
relikan {8), and by Field (24), in 1£58. This corpound was
first prepsred by Scbrero in 1846. In 1859 Guthris (34)

1

denonstrated scris of the setions of aryvi nitrite™ upon

listually sn irpure nixture of isgoamyl, S-riethyl butyl
$ ’ i ’

and other nitrites,



the Inhelation of i{ts wvapors. He repnorted osbagerving nn
accelerastion of the rulse, trhrobbing of the srteries in the
neck, and flushing of the skin ot %the face and neck in a
group of students. These are syrptorns notlced by rost
petients if enough of the vapor is inhsled. Aryl nitrite
wee wrepared by Beleord in 1844 (4).

HBrunton studied the pherrscology of the corpouné in
1270 (9) and used 1t in = crse of angine pectoris with
gratifying results (10). Richardson begen using the sube
stence in the seme condition, and soon 1t becsme a widely
knovm remedy. Glyvceryl trinitrete hsed been used in medicine
by Herring (4), e homeopsthic physicisn, even earlier, but
not apparentiy for angina pectoris. Its use in this con-
dition soon followed the introcduction of amyl nitrite. Both
of these substances are used extensively todsy in the trest-
ment of angina with very good results, Their rode of action
in relieving tne pain of cardiasc lscherlie was not understood
when their use wes inaugusrated. prunton knew that the sys-
teriic arterial blood pressure wes reduced after lnhslation
of anvl nitrite, and since his petients in attacks of angina
hsd hypsrtension which vme lowered by the treatrent, he as-
guried the relief of pain was produced by the decrease 1n the
regisbance asgeinst vhich the heart was working.

Although the exact mechanlisr of action in thlis con-
dition was not recognlzed, the drugs vere introduced into

thaeraspeutics beoause they had already been known to have a
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definite physicloglcal actlon, neumely that of iowering tne
blood pressure. Junstan {(£2) in 1888 noted that anyd
nitrite vas ons of tus few drugs ever to nave oveen Lius ine
troduced. ‘I'he smpiricism, which has characterized ithe earliy
use of the rmsjority of medicinal agenis, ls sbsent i{rom the
higtory of these indispenssablie drugs.

The slueidstion of the nwodus opersndil of these Two

conpounds begen shortly after thelr usefulness wus denciie
atrnted, and continues todry with nmany yuestions unansvered.
The dreratic actions of the drugs esrly engsged tuhe inter-
est of lending physicisns snd physiologists, rmainly in
Englend a2nd Cermeny. The rmore important pieces of work in
the development of the phéxmacclogy of thisg cless of cone-
pounds will be briefly reviewef. A nore extensive coverage
of thiz sudbject has been recently published by Von (Qettingen
(72) in =a monograph with a large biblicgraphy.

In order to determine the site of action of anyl nitrite
in lowering the blood pressure, bBrunton (9) edrinistered
the vapors to sniraels after section of the cerviceal spinal
cord, Defirite depressor responses ensued. He oconcluded
that the drug ects on the rugeculesr wallis, elither directly
on the ruseis Tibres or through the nerve endings., Hhis
explanation was opposed by Bernheir (6) who geve encugh of
the nitrite to produce convulsions with the hypotension,
and postulsted the theory thet the drug reduces biovnd prefse

ure by action on the vzsorotor center. He balieved that



15

Brunton had fsailed to cut all spinal traots, end thus ob-
tained the depressor response by central action,

Another theory of action was brought forward by wood
(75), who explained that the venocus blood was caused To
"atay dark” by nitrite. The formation of an altered form
of hemoglobin by nitrite was demonstrated earlier by Ganges
(31). Yood belleved thet the prevention of oxidation proe-
ceages tiurough that mechanlism would certainly affeet =11
tiganes, and thet lowering of blood pressure vwas arn example
of a general Tunetionnl disturbsnce, ie observed that phos=-
phorus glowing at 11890, would suffer extinetion cof the
oxldation by vapors of smyl nitrite, He considered this
affect a8 s clue to the physiologicel action.

Brunton's first conclusion, thet the wuscle Tibres
theraelves are the site of action of nlirites has been
arply confirrmed by subsequent work. The amyl rltrite and
the trinitrate of glycercl were 80 useful thet their pharmae-
ecology wrs studlied extensively.

The sinilarities in the actioneg of anyl nitrite and
potassiur nitrite were enphssized by Reichert and welir-
Idtehell in 1880 (65). They wanted te deronstrete thet it
is thse nitrite group that is primsrily if not solely re-
gponslble for the charseteristic actions of the forrer drug,
and not the amyl portien of the molecule, It wwma obgerved
that aryl aicohel caused roderste depression of biood pres-

BUTE.,.
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Sodiun nitrite was used 1in the treatment of angina
pectoris by Hay in 1883 (37) with scme degree of success.
It is not as rapid in reiieving the pain, however, and its
use in that condition 4id not survive., Hay studied other
types of nitrites and nitro corpounds (38), finding no
other promigsing ones.

In 1888, after nearly thirty yeers of inveastigstion
and e¢linioxl use, aryl nitrite was exposed by Dunstan
{op. cit.) &8 belng a heterogeneous mixture. It was preparsd
from inpure "srylic slcohol™ obteined from fusel cil by
fractionnl distillation., The description and manner of
preparing and of snalyzing aryl nitrite sst forth in the
British Pharmecopoeia had aliowed such heterogeneity of
gorposition. The drug contalined tvo isoreric asxyl nitrites,
eaci a branched cohain, and very difficult to =mepsraie, and
probably small ampunts of isobutyl, propyl, end ethyl ni-
trites, deponding upon the nurber of refractionations.
Dunstan prepared the «~isoeryl and g-1isoamyl nitrites
seperately snd found them to he of nearly egusl poisney.
Isobutyl nitrite vas rore potent than either.

Cash snd Dunston continued the corpariscn of rerbers
of the =11 tic nitrites end published in 1894 a lengthy
report {12) on sore of the sctiorns of the nitrous scld
ezters of 1l possible saturnted aliphatic eslechels of one
to Tour carbon ators, and of three branched chaln oryl

glicohols. %hese nitrites wers corpered on the kasis of
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the inholstion oif eugual volures. The varistion of the
molecular welghts wes not considered properly. For this
and other reascns no conplete and sgcurate picture of the
effect on physicloegical activity of lenglihening »nd branche
Ing the ocwmrbon chain c¢an be drawns. Flve of the renbers of
the series gave deeper fallsz in blood pressure, end six
gave nore prolonged fulls thsen did the isoaryl nitrites,
Yet tha latter contimnue! to be the only volatile nitrite to
be used by inhalation. Its precaedence and the aveilabllity
of the anyl aleohols probably account for ity suprsincy even
todeyv. Cash snd Dunstan did not use rethods winlceh would
alearly establlsh relsative potensy. Bloassssy of such potent
druge is s difficult probler, and it seens doubtful that
these authors arranged therm in the correct order of activity,
An etterpt in the present work has been rade to corpare rela-
tive potency 1n a horologous series of nitric esters. The
dirficulties involved in such assay procedures will be dla-
cussed in conmnection with that »woI1k.

A number of new aliphatio nitrites was studisd by
Ernntz, Carr, and Forran (44, 45, 48), the synthesls of
sonme of which was reported by Formﬁﬁ, Carr, and irontz (29).
They explored the actien of sstursied rerbers having up
to snd inciuding 18 carbon stors, including branched chsins,
wvhay inhsled by anesthetized doga. Fotenoy as depressors
dirdinished as the molecular welght increaned, esters hsving

wore than ten carbon atoms beling slrost ineffectusl. The
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vapor pressure of these nitrites was relasted to their potency,
and was shown to dirinish rapidly ss the ohains were lengthe
ened frorm: 5 to 8 c¢arbon stors, and to be gulte low in all
higher nermbers. Increasing the rioleculasr weights of shorter
chsin nitrites by introduecing bhromine ators (44) provided
longer action, but the nasal mucosa was too greatly irrie
tated by the vapors of such brorinated ocormpounds to warrsnt
their cliniecal use,

One of the branched chaln corpounds studied by these
authors, 2e-ethylen-hexyl nitrite (485), was found to pro=-
duce depression of the dog's systerniic dlood pressure for
ruch longer periods than amyl nitrite. In normeal persons
the effect was over by the sixth minute. The authors found
the production of nethenoglobin to be less with this cope
pound than with aryl nitrite, It wss found by Freedberg,
Splegel, and Rigseran {(30) to be effective in the trestrent
of anglna pectoris, snd by Field (25) to be superior to
aryl nitrite and to glyceryl trinitrate in the treatnent of
spasm of the eardisc sphincter of the atoraeh.

The pharrsoology of the inorganic nitritea wes studied
further by atkinson (op. cit.) and Leech (50, 51). They
showed conclusively that the effect 0f the «(«}=0 radicsl
is the relsxation of srooth muscle by direct sction on the
fibreas. a1l srooth ruscle iz s0 affected. With recsrd to
alkeletnl ruscle, Leech showed thet sodium nitrite progrese

sively wentens the contrsctions of the frogs gastroonenius
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in reasponse to electricel stimulation. The rapldity of the
parslvsis is apparently a funetion of the concentrstion of
the drug. A solution contalning 0.78H per cent Nallls kills
n ruacle in 15 minutes: one containing 0.1 per ecent kills
in 30 to 4C ninutes:; and one of 0,005 per cent in £4 hours.
l.eech strtes that roderate nitrite effectsa are reversible.

L.esech daeronstreated the amccelerating sand veskening
effects of sodiur and amyl nitrites on the isclated frogs
henrt, These rmay also be reversed by vashing the drugs out
with nitrite-free perfusion fluid (ssline or blood). Ac=
celeration of the rarrelisn hesrt is an outstanding festure
of nitrite sotion. It has been shown to be lergely reflex
in origin, resulting fron decressed blood pressure.

Nitric acid esters of ronovalent alecohols have been
found to be unguitsble in therspeutics becsuse of their
wenkneas ss vasodilators snéd becuse of prowrinent toxice
reactions., HNitrates of polyvnlent alcohnls are much pore
potent, and several of thear have found extensive use as
decreasor arents. In 1895, Bradbury (7)) compared the
efiicroy of glyocol dinitrste, glyceryl trinitrate,
erythrityl tetranitr-te and mannitol hexanitr~te, He in-
Jected ther: into the stornach of anirmals, rabbits usually,
and took tracings of the blood pressure, The extrene
degree of insolubllity of the latter two compounds let hin
to une larger doses which were ineonpletely absorbed. These

tvo gmve depression of blocd pressure of rore prolonged



durstlion, aitheugh of gorevhnt lesmer degreo.

Tstthew (55) atudied the depressor action of the
vorious nitriten and nitrates in hypertensive patients snd
found their depth snd duration of effects to vary widely.
The longest acting drug was agaln found to he rmanritol
hexsnitrate. It is the most insoluble member of the group
of polvnitrates. It is being used extensively todsy in
atternnting to lower high blond pressure, but not by all
physieians. 1t is cgiven orally in doses of 16 to 32 mrg.
and repested at four to six hour intervels., Glyceryl tri-
nitreate is active In an oral dose of uv.6 mg. and is only
soluble to the extent of 0.18 per cent in water. This dose
may also be given hypodertiicalliy, or may be absorbed from
the floor of the routh. These avenues are usually used 1n
the snginel attack.

TiHE , PROBLER: OF THE REDUCTION OF URGANIC MNITRATES

TO THE NITRITE ION AS THEIR MODE OF ACTION

After the sirmilsrities in the sctions of amyl =nd ine-
organic nitrite were desceribed by Relchert and VWeir-gitchell
{ope. cit.}, many suthors held the view that both substances
agcted through the medium of nitrous acid derived from thelr
hydrolysis. Aqueous solutions of aryl nitrite were always
found to be scid in reaotion by Leech, suggesting hydrolysis.
nitrous acid has never been isolated becsuse of rapid spon-

taneous decomposition. Its presence in higher concentration



is indicnted by a bdblue color in tine solution, and by the
liberation of brown Tumes of the higher oxidez of nitrogen.
Yhese characteristies are not deteotazble in the amall arocunt
of the ancld that results fronm hydrelysis of & smoluticn of
syl nitrite. 4 satursted solution of the latter contains

a vory small quantity of the ester.

The pharrmooologic action of glyceryl trinitrate was
early sugpected as being produced by its decorposition pro-
ducts. This was suggested by Onson in 18685, Hay (39§,
in 1883, reported the appeanrance of a trace of nitrite
efter inocubatlon of glyceryl trinitrste with blood. iis
zlso deronstrated the conversicn of sepproxirately two thirds
of the nltrogen of that compound to inorganic nitrite by
alikali. e wves irnpressed by the sirilerities in the sctions
of this nitrate snd sodium nitrite. Cagnoli (11) and
Atkirgson (op. eit.) confirred the llberation of nitrite
frow glyceryl trinitrste in vivo. lany modern text books
give the explensntion that the nitreates act because of the
liverntion of the nitrite ion. It is usunlly assuried that
this libveration occurs in the blood or liver, snd that cir-
culating inorgenic nitrite is than responsible for the
pharracologic actions.

In 1899, lesrshell, in his docotorate thesis, discussed
recently by hirm (54), presented evidence that suggested
that glyceryl trinitrate ascts as such and not through liber-

etion of nitrite lon. He washed the vmscular system of a
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terrenin with snline relédifief with sceotic neid {1 in 80,000)
in order to rTerove any possidble slknline effect on hydrolysis
o the nitrate. Vasodilation was obtnined whan glvecervl
trinitrrte vas added to the perfusion fluld., He Tound no
nitrite in the perfussate, using s test =zensitive to one part
in two rillion. Uther nitric esters gave the sore negative
resulta.,

Urandall, Lecke, Loevenhart, and puehlibdberger {18) obe
gserved in 1929 that clyceryl Srinitrote éisappeers very
ranldly fror. the blood, only sbout 14 per cent rem=ining in
1l rinute. HKitrite wves detected cumlitestively. Crandell
(15) later revorted that various tissues destroy glveeryl
trinitrete in perfusion fluild, with the sppearsance in the
perfusate of varying asmounts of nitrite. Bloold was found
to affect the nitrste similarly, the action being due
entirely to the erythroecytes. HMarshell stsates thet "ssponi-
Tieation® of glyceryl trinitrete proceeds very slowly at
the pH of blood, whereas irmediate vasodilatation results
wvhen the drug ie injected Intravencusly. He further argues
that nethyl nitrate, which 1s not hydrolyzed to nitrite by
alkall (54), ocsuses an imrediate fell in dlood pressure on
intr=venous injection.

Marshall was one of the first to point aut the differ-
ence in the guantitative responses of glyceryl trinitrste
end sodium nitrite 1n perfusion experirents in warr blooded

anirals. ‘The nitrite was very rmuch wesker in eliciting
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vasodilatation in sheep kidneys than the orgsnic nitrate.
It is thereby suggested that it is not circulating blood
nitrite vhich rmay be liberated by orgaenie nitrates thsat
accounts for the pharmacologic response. 1In an earlier
paper (5£), 1897, karshall vwrote:

eeesse 8NRd from rmy own observstions I sm inclined

%0 think that nitroglycorine acts as such. At lesst

any transformstion that cecurs 1s brought about in the

tissue cells themsslves., iHere an initiasl reoduction to
sodiwn nitrite probadbly does occur; in any cose the de~
sonposition changes proceed along the ssre lines as
with the nitrite, and as s result s girilsr effect ls
produced.

Herrman, lLeake, Loevenhart, snd Muehlberser (41}, in
i928, showed that with methyl nitrate, ethylens glycol
dinitrate, glyceryl trinitrate, and rmannitol hexanitrate,
there is a parallel relationshipn between depresszor potency
and rate of nlkaline hydrolysis. This suggests that organic
nitrates ray act by liberstion of inoreganlc nitrits. 1t
anould be rentioned thnt the very atsble lnorganiec nitrate
does not lowsr blood nressure.

An orgsnlio nitrsate quilite resistant to alkali hvdrolysis,
producing s negligible srount of inorganic nitrite in 0.1 MW
NaOH at 379 in 1 hour wns prepared by Forran, Sarr, =2nd
kKrantz, {(op. cit.) and studied by Xrontz, Carr, Formmn and
Hllis (48, 49). This conpound, isoraonnlde dinftrats, is a
potent vasodllator, vet when injectaed intravencusly 4id not

producse detectable nitrite in the blood. Ratn snd Srantz

{34) followed the blood nitrite level snfter injlection of
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sodium nitrite, cnd found values irrellately Tollowing the
administration wnieh were ruch lower than anticipsted. “%he
blocd pressure was irmred intely lowered by the injections,
It rernained low for approxirmately one hour, altnough the
nitrite content of the bloed fell rapldly. These investi-
gntors found the normal nitrite content of human blood to
be 9.45 gnmma per 1u0 co, with a standard error of v.47,
They were able to inerease the level to 90 garra per
100 ec blood by a proper dose of =zodium nitrite with no
fall in blood pressure. Vhenr a 5 per cent fall wasg ob-
tuined by larger arounts of the drug, the blood concen-
tration was 1,000 garra per cent in one dog, and 35U gsrma
per cent in snother. The trsaces of nitrite ion in biood
found by somre workerz after injecting @ ganic nitrates such
as glyceryl trinitrats would sasppesar not to be responsin’a
for the vasodilator action, iIn iignt of the above findings.
Juch snmall yuantities sre incapable of producing the affect.
ATter gdriinistration of depressor dosges of anitrie
eastasrs, Krantz, Carr, Forman, and 31lis (49) and Lath and
Krante (84) failed to find any nitrite in the blood. The
coneluszion that depressor sctivity of nitrates is not caused

by nitrite ions in the blood seers therefore valid., I a2ll

the nitrogen in an effective intravencus dose of glyceryl
trinitrate could be lmrediately changed to nitrite ion, 1%
wouid be far below the winirsal effective dose of nitrite

rayulred o produces a Iall in blood pressure. Tihe 340 18
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true Tor oral theropeutic dogez o mnmniteol hexanitrate In
ron {32mg.).

A ratter vhich 123 been stufled recently is the smotion
of Lintr:cellulnr 3rysters unon aoargnnic nitrtes,

It has long teen known that becteris are able o re-
duce nitrates o nitrites, as this action oceours in the
inteatines. =ilk and animel tigsues have also becn found
¢rpnble of this reduction, Ragently, Oberst and Snyder
(58) neve studlied the action of tissue horogenstes on
glrceryl, l-gluccsan, mannitol, and aodiur nitrstes. Liver,
skeletal ruscle, and blood were found %o forr inorgarie
nlitrite fron thezse organic nitrstes. Liver tissue reduced
44 per csent of glveceryl trinftrate Iin 45 ninutes =2t SVOG.
Ersantz, Carr, and Ferran (45) have observed the ropid dis-
gppesrnnece of aryl nitrite frorm the blood with the Fforration
c¢f nitrate, indiecating the tendency toward oxidation of
ultrite in the dody, rather then the reduction of nitrate,
This was confirmed ip yitro with alk-line hydreolyasis by
Snyder, ilahm, and Oberst (68). It appears, therefore, that
both resctions nay occur in the bdlood or tissues.

Krantz, Carr, Forman, and Cone (47) showed thet
erythrityl, glyceryl, =nd mennitcl nitretes lose most of
thelr depressor activity after being sudjected to smlkeline
hydroly=is., Isornnnide dinitrste, shown to be only slight-

ly affected by alkall, maintalned 1ts full denressor response
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after ntterpted hydrolrsie. However, liver homogensate
vields e large emount of nitrite by anction on isonmannide
dinitrate {57). Thlg serves to indicate thet hydrolvais
rates in vitro are not necessariiy parallel to aciicn by
cellular constituenis. Oberst and Snyder found two systems
in liver which reduce nitrates, one heat labile and one
nent stable. ruscle and blood corntain a hent stubdle COle
ponent. The optirur pH, concentration of sgents and of
norogenate ware studled (56). Thesg authors hold untenable
any hydrolysis to inorganic nitrante and then reduction to
inorgsnice nitrite. ‘hey hold as poszsible the explanation
that organic nitrite may be forred with subseguent hydrolye-
ais. They studlised tne enzymatic reduction of a large number
of nitrates, =znéd list them In order of their lability. 1t
is Interesting to note that no monohydric azlechol nitrates
gave nitrite except rmoncethsnol amine nitrate, The aridino
group ray render labllity upon the nitrate group. Snyder,
alahr znd Cherst (op. ¢it.) observed thet those niitrie
esters which yield consideradle smusunts of nitrite on alka-
line hpydrelysis contein at lesst tvo nitrete groups on ade
Jaocent carbon atoms witnout the intergposition of 2 none ¢
nitrated carbon ator. ‘those which were rolatively resiste
ant to alkaline hydrolysis had an unsubstituted carbon atom
betwesan the nitrated curbon atorns. 1soctznnlde diunitrate is
in the latter c¢aotegory and thus resistant to nlkalline hy-

drolyeis while teing guite wvulnerable to liver horoienste
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a8 nentioned previously.

Thege Ilnwvestigators found that glyeceryl trinitraste
suffered the reduction of 52 per cent of its nitrogen to
nitrite Iin 30 seconds and of 70.56 ver cent in tve hours.
The hydrolysis patterns in eleoholic potaasium hydroxide
of zbout tirenty-elght other nitretes sre also givern.
Snyder and Oberst (69) have gtudled the relastive oxi-
datlon-reduction potentials of ebout 286 nitrates. Lso-
riannide dinitrate vas found to have the highest potential.
‘The isosorbide snalogue is second and glyceryl trinitrate
is third. pammitol hexanitrate 1s thirteenth, slthough
it is rore potent than tne oibers named. ‘1hus peteuncy
is not a sirple funetion of refuction-vxidation potentlals
nor of hydrolysiz by means ¢f alkali or honogenized tissue,

Cne point mey come to mind after studying the fore-
golng argurents nand date., 4An organic nitrate ney nerely
toueh or enter the cell merbranes, inecluding siootkh nuscle,
or penetrate the interior of the cell., “hat happens in
these gites nmay not be reflacted by blood levéls ¢f the
netabolic products. Any nitrite or further decorposition
products Torped in the ¢ells ray reraluy there. plood
nsnalysls would thus vield no evidence of their forrstlion.

The excet intracellulsr fate of organic nitrites and
nitrates has thersfors not been proved, although Iror the
studies on derolished cells yuoted, sone insight nas been

attnined .
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It is not valid to conclude that the reduction of
organic nitrates by naked protoplasm can e applied to in-
tact cells, nor dec the workers who demcnstrated the abllity
of intracellular substances in this actlon suggest that such
analogy may be drawn. They have, however, caused us L0 be-
come aware of the strong reducing nature of agents 1in the
cells, at least as far as organic nitrates are concerned,
and have thus introcduced 8 strong potentiality into the cone~
cept that nitrite (or other decomposition products) may be
the pharmscologically active preduct of organic nitrates.
Perhaps the reduction of these compounds somewhere on or
within the muscle cell, or the oxlidatlicon of the reducing
agents 1s the necessary event which initiates relaxation.
This was Marshall's view fifty years ago. That 1t 1is proba-
bly not some "static™ nature of the nltrate group which
causes relaxation 1is suggested by the lnactlivity of the
nitrate ion.

An interesting question is whether the action of these
substances involves a reaction cr chain of reactions which
are peculiar to smocoth muscle cells, or whether such ree-
actions are occurring in all cells to some extent. If,
f'or example, the oxidatlon of glucose be inhibited at some
link, and this interference cause a muscle cell to relax,
1t would then be probable that glucose oxidation in all
cells is depressed. There are of course many reactlons

common to muscle cells and other organ and tissue cells.
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Thus there 1s the possibility that wmany organs end tlssues
suffer depression cf thelr activitles curing the scjourn
of nitrates and nitrites in the body. There 1s aslso the
po8sinility that muscular relaxation by nitrate action in-
volves precominently the ccocntractile mechenism or its spe-
cisllzed source of imnediate energy, the high energy phos-
phate bonds. The Interference with breakdown or resynthe-
gis of these energy rich materials could cause weaknezs and
fatliguse.

A smooth muscle cell in a state of partial or complete
contraction may be maintalining 1ts tone through the mecha-
nism of a complex equilibrium. The energy spent may be
consldered as being shuffled back and forth among the seve
eral systems 1involved, with the continucus breakdown and
resyntheslis of all materials involved. 1If nitrate or
nitrite inhibits the system at any point, the contractile
mechanism will sooner or later experlence the decrease 1in
the energy it had been consuming. helaxation must then
result, and the time required for it will depend upon how
near to the direct source of energy for contraction the
system 1s depressed. Thus, if aeroblc systems only are
depressed, the muscle can continue to contrect for a longer
period than 1f the hlgh energy phosphates are held &t bay.
It should be explaired that the chemistry of smooth muscle
contraction has not yet been elucldated even toc the degree

to which has that of skeletsal muscle.
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%we know that skeletal muscle 1s alsc weakened and later
Xilled by nitrites. 7The work of Leech in this regard has
been mentioned. 7This investigation also demonstrated that
the frog's heart 1is weakened, although accelerated, by per-
fusion with a sclution of sodium nitrite. The nitrites umay
asccordingly be consldered as depressants of all muscle tissue.
The greater sensitivity on the part of smooth muscle 1s so
cutstanding, that in therapeutic use, these agents have a

negligible effect upon the efficlency of striated muscle.



CHAPTER III

EXPHRIMENTAL

AIN¥S OF PRESTNT RESEAHRCH

The number and type of organic nitrates which have
been synthesized and studled pnarmacologlcally is limited.
Since the nitrate and nitrite groups confer upon allphatic
hydrocarbons a marked and dramatlc action, the sudden re-
laxation of smooth muscle cells, there 1ls justification
for exploring addlitlonal types of anltrates in an attempt
to develop nmore useful agents possessing that action.
Furthermore, since the mechanlism by which these depressor
nitrates and nitrites relax Lhe muscle cell 1is unknown,
there may be much to be galned by elucidating the features
of their actlon and factors which modlfy it. A class of
substances which are so potent in altering as important a
homecstatic function as smouth muscle tone should be unders
stood as well as possible.

As approach to a grester understanding of nitrate
sction can take several lines of investigation. The role
of o0il ana water sclubility ratiocs can be further studied
in the hcmologous nitrates of glyccllic esters. This work
was beogun by Zrantz, Carr, Forman and Cone (op. cit.), and

1s describsd in Chapter IV. Greater auration of action
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may be afforded by proper manipulation of molecular con-
figuration and the physical properties associated there-
with. This approach will be attempted In the present work.
In addition, nitric esters cf othsr hydroxy acids will be
studied, e.g., the nitrates of mallc and lactle acid, al-
ready studled briefly by the above workers, and of tartarie,
sacchearic, and mucic acids.

Ancther directicn in which wor’s in this fleld should
be advanced 1is the slucidaticn of the mechanism Dy which
nitrites and organic nitrates relax smooth muscle. Some
experliments are herein reported on the oxygen uptake of
living tissue slices in vitro under the Inlluence of sodium
nitrite. Iioc previous reports of this nature have been found.
The eoffect of sodium nitrite on the enzyrme or enzymes in the
muscle ["lbre which catalyze the hydrolysls of adenosine tri-
phosphate will be studled. Since the latter substance 1is
probebly the [lrst source of energy for the contractile
process, sucnu effect, il any snould be known. The effect
of' sodium nitrite and organic nitrates upon cvytochrome
oxicdass and cyvtocnrone reductase will be studied.

Ideas, bearing on the subJect of nitrate and nitrite
action occurring to the zuthor, which are not investigated

at this time, wlll be discussed Tor possible futurs work.
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METHCDS

Dogs have been predominantly used in the blood pres-
sure experiments, wlith several cats and rabblits. Ether
anesthesia has been used throughout with the exception of
local anesthesisa in two dogs.

Blood pres:ure was recorded by the use of a mercury
manometer, using the carotid or femoral artery. The zero
base line was marked at ten second Intervals. The height
of the pulse traclng was doubled in order to zive systolic
blood pressure. Diastolic pressure was not recorded, the
inertia of the system belng too great, but changes in pulse
volume could be seen.

Respiratory rate and relative depths were recorded in
most experiments above the blood pressure tracing.

Intravenous injections, made by use of cannulsae in
the saphenous vein, were followed by 1 to 3 e¢c. of a 0.9
per cent sodium chloride solutlon, the volume depending
upon the size of the animal.

Further detuails pertinent to specific bloocd pressure
experiments are given in connection with the work involved.
The methods used in other phases of the investlgations are

mentioned or described in the appropriate sections.



CHAPTER IV

PHARMACOLOGY OF MNITRIC ESTERS OF
ALKYL GLYCOLLATES

¥arshall (53) was the first to study nitrated organic
aclds. He wrote in 1912,

The nitric esters of tartaric, citric, and lsactiec
acids, neutralized with sodlum vticarbonate, produced,
when injected intravenously, no fall in blocd pressure
whatever, and the nitric esters of ethyl-citric and
ethyl-lactic aclds caused a fall only after a lapse
of several wminutes.

In 1940, Krantz, Carr, Forman, and Cone (47) showed
that another hydroxy acid nitrate 1s effective as a de-
pressor. They studied the actlionrn of the nitrates of
sodium, ethyl, propyl, butyl, and heptyl glyccllate. The
synthesis of these esters was reported in 1941 by Forman,
Carr, and Krantz (28). Krantz et al determired for each
glycollate nitrate the concentration which would just give
a small but definite depressor response (10 mm. Hg) in dogs.
They &lso determined the oll over water coefficient for
esch. Their rssults and the formulas of the compounds are
shown in Table 18 in the Appéndix.

They thus dermonstrated that a carboxylated organic
nitrate can lower blood pressure. They also showed that

alkyl esters of glycollate nitrate are considerably more

potent as depressor agents than the sodlum salt, and that
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the potency of the esters Increases as the ester group 1is
lengthened. The relationship between o1l over water co-
efficient to the potency and tc the length of the ester
group ls emphaslzed by these lnvestigators. The roleof

oil over water coefficient in the pharmacology of variocus
organic nitrates has been mentioned by many earlier wrlters,
but nere, in a homologous series, it can be mors easily
studied.

A closer Investigsation of the pharmacology of this
homologous seriea of glycollate nltrates has been attempted
in the present work. The serles has been extended vy the
synthesls of additional glyccllate nitrate esters by Iwamoto

and Harmon (42).

FROPERTIRS

Physical Properties

The nitrates of alkyl glycollates are clear liqulds at
least up to and including the decyl derivative. They are
colorless or pale straw colored, possess frulty odors and
a burning taste. They are sparingly scluble in water with
the exception of the methyl compound which dissolves to the
extent of 2.4 per cent. Table & lists the actual solubllity
of each member of the serles. They are gquite soluble in

alcohol.

Chemilical Properties

The saturated agqueous soclutions of these nitrates



possess very constant degrees of acidity. This 1s not iue
to nitrous acld, but apparently to replaceable hydrogen on
the alpna carvon. Sodium derivatives may thus be prepared.
These are wnite sollds, stable, and very soluble 1n water.
In describing their pharmacology (Chapter V) these sodium
derivatlves or salts wlll be variably called neutrsllzed
alkyl zlycollate nitrates, ester salts, and by specifie
names containing the actual slkyl ester present, e.g.,
sodium iacoutyl glycollate nitrate. The Appendix contsains

the type Pormula for these ester salts (Tavle 189).
PHARBACCDYMAWICS

Depressor Action of Alkyl Glycollate Nitrates

All homologs in this serles so far tested have produced
falls in blood pressure which are gualitatively gulte similar.
Several features which a8i1d in an understanding of nitrate
actlon may be demonstrated by usling the ethyl compound as
an example. The effects ol thils substance upon blood pres-
sure when given both by vein and by the intestinal rcute are
repcrted. A typical record of the blocd pressure and re-

splratory tracing is shown in Filgure 1.

Results

The results of in:travenous Injection into two dogs,
Nos. 26 and 27 have been sumrarized in Table 1 and Figure 2,
Four different doses were studied in an attempt tc discern

the varlous responses possible, especially the duration of
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FIG. I. RESPONSES OF RESPIRATION, BLOOD PRESSURE, AND PULSE
RATE IN DOG NO. 27 TO ETHYL GLYCOLLATE NITRATE

Ether anesthesia* Carotid artery blood pressure.
Dose: 5.2 mg. per kg. intravenously. Pulse was counted for
10 seconds at places shown; after conversion to rates per
minute, figures are shown beneath tracings of pressure.
Blood pressure at arrows Is indicated above the tracing.

Injection approximately coincided with first 10 second
interval shown.
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Depressor action of the nitric ester
of ethyl glycollate

! Dose of? Blood Pressure {Time for
Dog ¢ nitrate®Initial* HMinimum reached ‘&b second!$g% re-
Noe ¥ Mg./kig..Mn. Hg . Mm. Dg.Per cent .level rericovery
: M./ kG, B ¢ M B2 700 s ont ¥inutes
26 1 140 124 8 ¢ 9
142 122 86 g7 4
27 172 140 81 87 )
178 146 82 95 1.5
Mean 313! 1°1
26 5 106 oe 68 @1 3
144% 100 76 81 3 (92%)
1 o0 a8 75 84 4
27 176 120 63 82 1.5
Mean 72 av
26 10 144 1060 3¢ 76 a7
27 o8 172 a0 47 63 1.7
{in 50% 166 66 40 45 G
alcohol)
Mean 44 57

Intruvenous ingections. Fther anesthesia, Carotid
artery pressure recorded., #35ee text for comment. #4% Hege
pirations cesased temporurily, revived; blood rressure ra=-
coverad Yo per cent. Above duta are summsrized in Pl.oure 2.
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Dose for eccihr group indicoted, mp. per koo The curves
represent mean responscs up Lo the 235 second tirme cordinate,
Beyond the latter, the extrewes of rcsvronscs to each dose

cre aketehed.
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depressor asction. In esch dog, ths smaller doses were lven
first, increasing in order, with two exception which are
marked with astsrisks in the tacle. These two injections
were given after one injectlon of the next larger dose, 10.5
mze per Kg. Slmller dosea are prouped together for con-
venlence of comparison and of computling averages of the
figures. The [ilgure shows the results somewhal schematlcally.
Iin the figure, the %lood pressure at the time any injection
is made s zhown as 100 per cent and all falls are 3hcwn as
percentago ¢f that value. The taole shows sctusl pre-~in-
Jection levels for eacn dose, and since these are, 1n each
animal, falrly constant, 1t is apparent that the condition
of the snimals was not noticeably deteriorating durling the
experiments.

The pressure at 335 seconds after the injections 1s
ghcwn, alsc as per cent of pre-injection values. This time
was selected because there was ususzlly & slight decrease in
the recovery rate after that polnt. Flnally, the time at
which recovery was ©9 per cent of previous normal level was
recorded. The flgure shows a8ll these results in two phases.
The responses to a glven dose up to the &5 second point
are shown I'or simpllcity, as the mesan of the several in-
Jections. The figures making up each mesn are ressonably
simllar. The responses after the 35 second point are shown
individually, btecause the variasbility 1is greater. True

events are more clearly deplected in thet manner.
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In the group of injectlons 1n whlich the dose was 1 umg.
per hg.;'the solution was 0.01 molar, or 0.1l5 per cent in
0.85 per cent sodlum chloride solutlion. The othsr doses
and solutlions were as indicated. The largest dose was of

necess ity given in 50 per cent ethyl alcohol.

Discussion

H

T

i It 1s possible that precipltation of droplets of the
sséer In the blood occurred as the injectlon was made. If
sclution of these particles recurred, a more prolonged de-
pressor effeet might be sxpected. Yo such response was obe
servea in thils one injection. Xot listed or drawn was a
final injecticn of a =stlll greater dose, 60 my. der Kz, in
75 per cent alcohol also with rapld recovery.

Prolongation cf the response by Increasing the dose
of this ester 1s apparcntly not possible. The falls in
pressure are immedilate, depend for their wmaznitude on the
size of the dose, and are guickly abated. HNo great tolere
ance 1s munlifest.

{n one cccuasion, a 10 per cent soluticn of ethyl alecohol,
saturated with the butyl ester of glycolllc scld nitrate, was
shakenn with mineral oll and the agqueous layer then in jected
into a dog (Wo. 22). The solutlon had completely lost its
depressor effect by having 1ts vasodlilator agent extracted
by the oil. The origlnal solution had lowered the pressure

of the same animal 12 per cent.
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Effect of a Sympathetic HNervous System Blocking Agent on

the Duratlion of Depressor Action of Alkyl Glyccllate Nitrate

An effort to afford a more prolonged response to one
of these esters was made bty admlnistering the butyl com-
pound to a dog (No. 21) which had previously recelved
Dibenamine, 20 mg. per Kg., as a sympathetic nervous system
blocking agent. Both compounds were gzlven intravenouslye.

The fall obtained was fleetlng with complete recovery
in 40 seconds. The fall was from 106 mm. to 84 mm. Hg.
Another dog (No. 22) showed raplad recovery with Dibenamine
premedicaticn, when the blood pressure was only 68 mm. Hg
at the time the nitrate was given.

In these two animals 1t appeared not to be possible
to depress the blood pressure for a longer perlod by the
use of an agent which prevents adequate sympathetic motor
cutflow. The smocoth muscle flbres which were relaxed by
the nitrate regain thelr tone as quickly wlthout vasomotor
reflex integrity as with it.

This fact prompted a few experiments to determine 1f
possible the major site of action of injected nitrates such
as those of alkyl glycollates. 7Two dogs were used. The
brachial artery was tled distal to a cannuls pointing towsrd
the aorta. Alternate injectlons of equal doses of one of
these nitrates were made into this artery and into the
saphenous vein. The Injections were followed by 3 cc.

isotonic sodium chloride sclution. Falls in pressure
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followsed in 10 to 11 seconds after both arterlsl and venous
injectlons. 1In one dog, two Intraarterisl injecticns gave
falls of 10 and 135 mm. Hg, and two intravenous injections
gave falls of 11 and 15 mm. In another dog, the same time
periods for responses were observed, but the depths of the
falls differed.

These observatlons suggested thet after iIntravenous in-
jections, the pulmonary vasculaer tree may be the area of
greatest dillatation, 1f not excluslvely so. It is difficult to
believe that dilatation would not be grester 1n the lungs
than any where else, vecause of a greater concentration in
that relatively small space. On the other hand, weakening
of the contractions of the neart might contribute to tne fall,
after the drug hsas passed through the lungs and into the coro-
nary c¢lrculation. Tnis action of the nitrites has already
been mentioned.

#hen injections were made into the arterial system,
retrograde via the brachlal artery, the falls Iin pressure
began after the same interval of time as alter iInjections
into the vein. The arteries, artericles, capillaries and
velns have all been shown to be relaxed Ly nltrites or ni-
trates. The gquantity iInjected is distributed to a greater
mass of tlissue when 1lnjected irtraartesrially, and tne con-
centration per unit weight of tissue will be much less than
that in the lungs after Intravenous injections. iWhen large

doses are given intravenously, both circulatory beds may
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be relaxed, and longer sction seen.

Depressor Activity After Injectlon Into the Gut

Into the intestine of Dog No. 28 was injected 0.5 ml.
of 0.9 per cent sodium chloride solution. Ths blcod pres-
aure fell from 100 to 96 mm. Hg at whlch level 1t remained
for & minutes. A loop of put was agsin picked up and the
needle inserted preparstory to the next Injection. The
pressurs [ell to 90 and rexained there. Then 0.5 ml. of
pure ethyl glycollate nltrate (0.19 Gm.per Kg.) wes injected.
The blood pressure began declinling alter 30 seconds, and in

30 seconds was 78 mm. It slowly declined to 50 by the end
of an hour. The animal was then sacrificed.

The injectlion of physiological 8glt solution serves
as & control for the second injeetlion ln which the dose was
5 times preater than the hlpghest shown in Table 1. The
marked prolonged hypotension obtalned apgesrs to have been

caused by the drug.

Other Effects of Alkyl Glycollate HNitrates

The heart rate 1s accelerated during and immediately
following the depressor acticn of these esters administered
intravenously. The greatest effect comes usually <during the
imredlate recovery periocd when the rate may be lncreased by
a third. Thereafter there is a zradusl decrease in rate,
and, in some animals the rate 13 actualiy depressed for a

few minutes. Figure 1 shows such changes.,.



The pulse volume 1s decreased at the deosth of the fall
and for varyling pericds thereufter. Figure 1 shows this
effect to be maximal on the uscending limb of the record,
when the rate 1s preatest.

fBlectrocardioprrams taken on 4 days before and after in-
travenous injections of these nitrates showed no abnormality
during or after the effect cther thian the 1Increase In rate.

Kespiraticon 1s unaffected by the usual experimental dee
pressor doses, but excesslve smounts cause depression of rate
and denth for short pericds. In such cases, deep depressor

effects are 1n progress.

BIOASSAYS

Thils serlies of compounds, whose members differ only in
the number and arrangement of carbon atoms in the alkyl
ester group, presents an opportunity for the study of the
effects of several factors on the depressor activity elicited
by the molecule. The molecular welzht may be inecreased sas
the ester chalin i1s lengthened. Water sclubility and oll
over weter coeffliclents wlll vary as will many other physl-
cal characteristics. It may be determined which charac-
terlistics are primaril; responsible fecr variations in poten=-

cy among members cof the gproupe.

Method
A method of bloassay was devised similar in principle

to that of Epinepnrine Solution official in the United
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States Pharmacopceia except that falls 1In blood pressure
are measured instead of elevations. Dogs under ether anes-
thesia were used, wlth recording of femoral artery blood
pressure. Solutions of all members of the serlss from the
propyl ester to the octyl glycollate nitrate were made

at 0.010 molar concentration (weight to volume). The sole
vent was the lowest concentration of ethyl alcohol in dis-
tilled water which would hold the compounds in solution at
room tempersture. Such reguisites of alcohol strength were
not exact, but probably within a few per cent. Table 20

in the Appendlx shows the actual concentratlions of alcohol
used for the various compounds. The effect of the slcohol
was controlled by injecting various concentrations without
the nitrate. Since the volume of each iInjection was small,
the effect of alcohol on the blood pressure was in no case
great encugh to Influence the assay.

Early trials revealed the isobutyl ester of glycollate
nitrate to be one of the most potent of the entire group.
It was decided to compare each of the other homologues
with 1t as a standard. Accordingly, weaker sclutions of
the isobutyl compound was prepared, s.g., 0.009, 0.008,
0.007, and down to 0.001 molar concentrations, by diluting
the 0.010 molar solution with sppropriate amounts of water.
This reduced the alcohollic strength at the same time as Ine
dicated 1n the tavle. Using the dogs vtlood pressure as a
test object, 0.01 M. solutions of all other glycollate ni=-

trate esters were matched against the appropriate iscbutyl
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ester solutions.

The actual procedure was the alternate iInjections of
one of the iscobutyl solutions and the C.0l M solution of
the ester bsling assayed. Several lnjections of each, stand-
ard and unknown, were tnus made in slternation. The falls
in pressure produced oy the injections were measured and
expressed as per cent of original pre~injection blocd pres-
sure. The average of the results obtained with the standard
was compared wlth that obtained wilth the unknown. If there
were no slignifilcant difference between the averages, the
solutions used were consldered to be of 1Indistinguisnhable
strength. @hen the homologues had thus Leen matched against
appropriate strengths of the isobutyl compound, the actual
molarity of the latter was an expression of the rslative
potency of the members of the series. This can slso be ex-
pressed as a ratlo betwsen the molarity of the standard and
that of the unkncwn. This 1s called the M"isobutyl rating."®

In 8ll injections used in assays, the volume used was
adjusted so that submaximal responses were obtained. The
agsays descrlbed were successfully accomplished after a
number of dogs had been used in developing the most satis-
factory technique. Exploratory comparlsons are not reported.
The development of tolerance was evident durlng the assays
of the n-smyl and n-hexyl esters. 1t affected the responses
of both solutions being compared, as can be seen in thelir

respective tables. The interval between injections was
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approximately the same 1or a given assay, and usually varled
from O to O minutes awong lhe varlous assays. Siorter intere
vals were focund to result In inconsistent regults, and

ionger ones prolonged the assay so mucr as Lo prevent com-
parison of Injections st the beginning with those at the

end. A 3cmewhatl greater or asmsller concentratlon of the
standard or of the unknown wss glven at the beginnling or

the end ol an uassay In order toc demonstrate the wvalldity ol
the comparlsons In tne assay. Thus a3 significantly differ-
ent fall in pressure upon altering the dose attests the

sensitivity of tue metnod.

Results

The results of the assays are tabulated In the Appendix
in Tables 21 to 29. Table 2 presents a summary of the
assays.

The oll over water ccoefficlents of these compounds wmay
be the most ocutstanding property which determines their
relative potency. They are so greatly soluble in oills that
a convenient and more accurate method of representing the
relative solubllities 1s to use water sclublliity alonse.
Thls was measured py Iwamoto and Harmon (lcc. cit.) by de=-
termining the density of saturated solutlons of the esters
in distlilled water and computing the solucility. Table 3

shows the figzures thus obtalned.
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Summary of assays of alkyl glycollate nitretes

e

3lycollste nitrate
eater - 0.01lH,

Hquivalent rmiolarity
of 1sobutyl homolog

Isobutyl rating
(Relutive potency)

X
ke o8

Hethyl

BEthyl

Iscproryl 0.004 0.4
n=-Propyl 0.004 0.4
{(Isobutyl} (0.010) (1.0)
scc-Butyl 0.000 0.3
n-HButyl 0.004 C.4
isoamyl 0.010 1.C
neamyl 0.006 to 0.007 0.€&
n-hexyl 0.008 0.6
n-liertyl 0.010 1.0
n=0ctyl 0.006 to ©.0Q7 0.68
n=-Nonyi

n=Decyl
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TABLE 3

Solubility in water of alkyl glycocllate nitrates
Grams per 100 ml. at 30°C.

Alkyl Ester Normal Iso Secondary

Methyl 2.444

Ethyl 0.2921

Propyl 0.181 0.176

Butyl 0.135 0.131 0.118
Amyl 0.09¢9 0.082

Hexyl 0.124

Heptyl 0.095

Oetyl 0.103

Nonyl 0.111

Decyl 0.115

From the table i1t will be seen that the solubllity of
the substances dscreases from the methyl to the amyl members,
with irregular changes among the higher homologues. The
branched chain compounds are less soluble than thelr respective
normal lisomers. Isoamyl and n-hepiyl esters are the least
gsoluble of the entire group.

The possibllity that the esters may preclpltate in the
plasma after injection was eﬁtertained and a brilef experiment
devised. The soiutions used for assays had a nearly critical
concentration of alcohol for solubilizing the esters. It
was found that the members having four carbon atoms or less
in the ester group could be diluted with water without pre-
cipitaticon. The n-amyl compound was esasily preclpitated,
but the preclipitate redissolved In excess water. The isoamyl
and the higher members were easily precipitated by aadition

ol water and could not be redissolved by further dilution
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with moderate amounts of water. Plasma might concelvably
dissolve the nhigher homologues to a greater degree than
does water. Any preciplitation which occurs in the plasma
might result in the suspension of very small particles,
which would eventually dissoclve as admixture of clocd con-
tinues.

The relationship between the solubllity curve and that
of the relative potency of most of the compounds is appar-
ent ln Figure 5. The curve representing reluative depressor
potency is based upon the "isobutyl ratings”". As the soclu=
bility decreases the potency lncreases. The heptyl ccocmpound
i1s the least soluble and tne most potent of the stralght
chaln esters.

A comparison was made between a month old solution
that nad been used repeuatedly, and a fresnly made identical
solution. One of the more volatile members, n-propyl, was
selected. Table 4 shows tanelr relative strengths ln reducing
blood pressure, agalin by alternating the injections. Both
the new and the old n-propyl gzlyccllate nitrate sclutions
were 0.010 ¥. in 5 per cent alcohol. The results reveal
that there 18 no significant difference between the two
series. In addition, two Injections were made of a fresh
solution of the same niltrate, in 52 per cent alcohol. The
averace was not different from that of the other two means.
Tnls suggests that the high concentraticn of alcohol has no

Influence upon the eoffects of the drug. 1In the assays,
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TaBLE 4

Comparison of old and fresh solutions of
0.01 molar n-propyl glycollate nitrate
Dog No. 66 0.256 cc rer kg.

Per cent ffalls in blood rressure _
01d soluticn Hew solution New azolution

in 5% alcohol in 5% aloohol in 50% aleochol
7.9 Yo 7Y
.d 8.7 8.0
T e 8.0
6.7 &)
7 ew 7e0
Mesn 7.7 8.2 8.0

Initial blood prossure for all injections was from
150 to 165 mm. Hg.
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control injections of the alcoholic vehlcle employed were
made, the vclume beilng the same ss3 that of the drug. If
the alcohol was found toc afiect the mssay, the experliment

was cdiscarded.

Discussion

In establishing what secmed to be the optimum detalls
for a method of bloassaylng such compounds as the glyccllates,
several problems were considered. The concentration of the
sclutlions had tc be such as tc requlre as little alcohol as
possible for keeping the esters 1In solution. The concen-
tration of the esters should not be so low that large guanti-
ties would have to be injected. 1In this case the animal
could pessibly te hyper hydrated durlng ths assay. The
strength of esters (0.01M.) used was decided upon after
trials of other strengths.

The method of alternsating injectlons of a standard and
of a product to be assayed, adjusting thelr concentration
so that nearly equal responses zre obtalned, 13 used in
many types of assay wecrk. It 1s to oe preferred to the
comparison of different degrees of responsc when that re-
gponse 1s a complex zlological one.

It 1s difficult to treat the results with statistical
methods. Hach anima2l must constitute an assay. #oderate
differences in potency can be detected, but to determine

the sensitivity more clossly than has oteen done 1n these
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assays would seem lmpractical. The drugs must act in the
presence of vasomotor and cardiac reflexes. The former
should not be abolished because it 1s desirable to have
complete recovery following each injection. In this way,
all blood pressure falls begin from nearly the same level.
They are therefore more comparable than if the reflexes did
not restore that level after the injscticns.

Using the same technique of assaying, a 0.01 k. octyl
glycollate nitrate solution was compared with a 0.002 M.
mannitol hexanitrate solutlion. Four injections of each
were made. The results gave mean values ol 21.8 and 22.4
(per cent fall in blood pressure), with standard deviations
of 2.0 and 2.1, and standard errors of 1.0 and 1.l respec=
tively. It was determined that no signiflicant difference
existed between the two means.

From the ratio of the molarities, mannitol hexanitrate
is seen to be 50 times more potent than the octyl compound.

It 18 much less soluble in alcochol and in wsater.
TOXICOLOGY

Because of the acid reactlion of their aqueous solutions,
the alkyl glycollate nitrates may be expected to damage
tissue. Small doses by mouth or by vein may be adequately
tuffered. No data were sought on thls question.

Kats tolerated Intraperlitoneal injections of 87 mg. per

kg. of the ethyl compound in saturated agueous solution



56

without observable changes in behavior or appearance. The
minimum lethal intraperltoneal dose was found to be 0.8
grams of the undiluted ethyl ester per killogram (rat).
Methemoglobinemlia was msarked, even in survivers of such
dozes, for more than 6 hours. Respiration wes depressed
and marked wecakness became evident. After lethal doses,
convulsions preceded death in most animals.

Darkening of the color of the blood or mucous mem-
branes, during repeated iInjectlions in dogs was never sesn.
kore than 30 injections were given during the assays to

several dogs, totaling not more than 100 mg. per kg. in two

or three hourse.



CHAPTER V
MIATCACOLOGY OF THE SODIUNM 34ALTS OF AlKYL GLYCULLATLS
DEPRESSOR ACTIVITY

The Tormation of the sodiunm derivatives of the z2lkyl
clyenllete nitretes was rentionad in Chapter lve.e The
acldity of the unneutr-lilzed estersz, thelir reaciion witin
alk=alil, »nd the grest incre-se in solubility upon nsutrali-
zation are the chief factors to be emphasized. The fore
ration of a cyvelic compound by this treatment is reasonably
well substantiated by tne work of Iwarioto and Harnon (op.
cit.).

The variabllity of depressor potency anong the unneu-
tralized esters was establishel by assays described in
Chapter 1V. heutrallizstion appears to nullify thne varying
influencs of the alkyl group upon the potency of the re-

sulting compounds.

kethod

The sodium salts of several of the alkyl glycollate
nitrates were prepared in 0.05 . soclutions in vater. In-
jections were made intravencusly in doses of V.75 cc. per
kg. Fourteen dogs, two cats, and one rabbit were used.

Une dog, No. 38, recelved loecsl anesthesla only. 411 other



eninols vere setherized. One dog, 1o. 57, was anestuetized,

then pithed before the nitrate was given.

Teble 8§ shove the depreseor resnonses to these injec-
tions as ver cent of originnl blond »ressure at the noint
of rmexium effect, =nd in rost snirals at 15 rinstes after
ths injections. The maxirum effect wes usnslly produced
vvithin one minute,

Exerinetion of the taeble reveals that the rmaxirum de-
nression of hloecd pressure for dogs 18 girllesr in degree to
that of the other eniralaz, There ia reascneble conatancy
in the resvponses, It vill he noticed that the mressure
fifteen rminutes after injection is still considerahly de-
preszed, In rost anirels there is a pertial recovery by
the end of thirty minutes,

Subsequent injectionsz glve vrrindble responses. post
anirsls show » step = like lowering of pressure con ra-
pented injections until zsnock levels eore renchned, irethemnoe-
globineria is produced by all injections, as will be de=
seribed,

Several dogs were glven sodlum nitrite in order to
compare the resnonses with those seen with the snlts of the
alkvl glyvoecllate nitroteg. They were qualitntively sirilar,
e.8., duration of fepressor effect., “Tusntitrtlive corpsri-

aong of potency were not rmade with sufficient accuraney to
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equinolecular amounta of
aikyl giyvcollate nlitrates,

Alkyl ¢ Dose ! Doy f___Per cont of initial biood pressure
Ester ! mg./kKg. ° No. 3 at maximum : 15 minutes after
: : : affect : injection
Ethyl 6.8 24 78,0 T o7
SY%] 4 .D
Average 76 .9
n=-Proryl 7.0 Ob 82,0
K13} 6¢ .6 82.1
Gb4: 76 4O 82.5
o 62,7 62,7
Aversa;e 2.7
(Kabbit) b 4.0 74.0 74 .0
isoproryl 7.0 518 YWY
bl 81 .8
15)2] P4 7 79 .0
ou 80.0
Average 7ol
n=Butyl 7.6 ot Boeo g1l.9
Ly 64 .9 72 .0
Average 74,1
574 2.2
(Cat) & 62.5
(Cat) 6 T4 b
AvVerage
of Cats 68,5
isobutyl 7 a6 44 4.5 74,5

grand Averages of dogs
(Omitting pithed doy Ho.

T8 o6
1 3%4 J

+ S.D. 6.5 78.5 + S.D. 9.0

Intravenous injsctions.

#PDog o6 receivsd local anosathesia,

in esch case,

Ether anesthesla with excerption:
0.06 M,
##Doyg b7 wus pithed before ingection,

solutions used



pert it 2 concluslve oninlon. Inoreanic nitrits 4id seen
roughly egulvolent in potency, on a rolar baslis, to the
ester a=lts. Suspiclion vas arouned that the latter ray
resdily hrirolyze to give nitrite love.

In andditlon to the s2lts Jli<ted in the trble, those
of the heptyl and nonyl glycallafe nitrates ~ere also
prenarad and found to glve prolonged mlle of blood rese

LT .
The shanrption sn? denressor anction of the @:lts ine

Jected into an exposzed loop of ercll irntestine ves deron-

-

gtrated aix tires in two dogs. Yith the sare dosze ns thoet
used intravenously (Tsble 5}, a 19 per cent foll in pres-
sure ves produced. ‘The fall begun within 5 ninutes, wes
waxirel in 12, and recovered 1ln 306 rinutes. /. second dose
wans soretvhat less effective (11 per cent full). Doses
tvice the foregoing ones geve falls ranging up to 30 per

cent of normel piressure and iasting up to one houre.

Discussion

A comparison of the potency of the sodiur derivotives
of the aliyl glycollate nitrates to that of the unneutrzallized
esters ey be made. The sodiunm isobutyl corpound, a= sghown
in Table 5, gave 2 reduction in blood pressure tc 74.5 per
cent of the initial lavei. The dose used was 0,75 ce. per
kg. of a 0.05 k. solution, or 7.6 ng. per kg. Approxinately
the sane irrediste responses were obtained with the unneu-

tralized isobutyl ester in the assay of heptyl glycollate
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nitrate (see Table 28, Appendix). In these injections the
dose was 0.13 cc. per kg. of a 0.01 M., solution, or 0.21 mg.
per kg The latter dose, compared to the former gives a
ratio v.21: 7.6, or 1:36. ‘This suggests that in forming
the sodium salt, the original nitrate ester, sparingly
soluble in water, is greatly weskened. The resulting solu-
ble salt can be given in much grester dose and a greatly
prolonged depressor effect ensues. Methemoglobin formation
now becomes evident.,

The action of one of the salts in the pithed animal
confirms the peripheral sction of the nitrate. As long sgo
proved for other nitrates and nitrites, the brain plays a

very ninor role in nitrate action.
NITRITE CONTEKRT OF THE PLASVA

The simlilarity between blood pressure responses to the
sodium derivatives of the alkyl glycollate nitrates and
those to sodium nitrite prompted the investigation of in-
organic nitrite blood levels after injection of one of the

ester salts.

method

A quantitative test for inorgenic nitrite was made upon
plasma dravn at varying intervals after intravenous injec-
tions of the nitrates in three dogs, and ot sodium nitrite
in one. The method used was that of Ilosvay as modified

by Rath (62) Equimolecular arounts of all agents were



aaministered. Arterial and venons bhlood ssmrles ware rs-
reatadly snalyzed as early as the first minute and sg late
as two hours following injections, Definite and prolong=d

—

derrosgor effects were yproduced by each drug.

Results

Normal nitrite values in all animals were 10 or less
gamma per 100 cc¢. blood. An increase to 26 gamme prer cent
was obssrved in venous (Jjugular) blood one minute after the
injection of a degpressor dose of sodium nitrite (2.6 mg.
ver Kg.). No such increase was seen in venous blood after
the injesctlon of sodium isobutyl giycollate nitrete, nor
of its isopropyl nomolog. Aanalyses for the latter two were
first made two minutes after injectiocn. Arterigl blood
containg a much lerger smount of an inj=cted druy such as
sodium nitrite, as was reslized by Rath (or. cit.). Hitrite
content 1In arterial blood was moderately elevated by the
above ingections for a few nminutes only.

Larger dosss of sodium nitrilte w=are shown by Rath to
produace arterial blood levels as high as 1110 gamma rer
cent, using six times the dose employed in the foresgolng
exreriment. As stated previously, the level 1is guickly re-
duced. dath Jdid not report venous blood concentrstion of
sodium nitrite. Using his higher wose, the rresent zuthor
found juglar venous blood to contain 210 garme per cent

nitrite 2 minutes after the injoction., By the end of &0
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minutes only about 10 garma per cent remained. During that
tine, the arterial blood levels of nitrite were at least
four times higher than the venous blood values. This might
mean that e ripheral tissues are metabolizing most of the
nitrite that arterial blood drings to them. The lungs, of
course, first receive the injected dose. These organs may
retain some of the nitrite in their interstitial fluid and
slowly release it back into the blocod by simple diffusion.
The phenomenon of higher arterial blood nitrite content

than venous content was definite in four dogs.

Discussion

All that can be said concerning the liberation of
nitrite from the ester salts is that the small number of
observations herin reported are competible with such con-
version. If that conversion occurs, it is probably de=-
pendent only upon contact with water, and not necessarily
upon contact with blood elements. The salt of an slkyl
glycollate nitrate responds to some of the tests for nitrite
in vitro. Many other organic nitrates respond similarly.
Further explanation of the action of this sodium derivative

rust awalt more chemical dats.
TOXICOLOGY

After the treatment of these esters with alkali, they

become very soluble. They are well tolerated by animals in
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doses which were used to demonstrate depressor activity.
Rats recover from doses which cause deep cyanosis (methe-
nmoglobinemia) and weakness. The minirum lethal dose is
greater than 0.5 gram. per kg. for rats, given by stomach
tube.

Kethemoglobln Formation

Animals which received repeated or large doses of the
sodium salts of the alkyl glycollate nitrates showed cyanosis
and a brown colorastion of shed blood. This change was re-

versible. A simple test in vitro revealed this type of
nitrate to be ap roximately as potent and as rapid in pro-
ducing methemoglobin as sodium nitrite. Both substances
act instantaneously on hemolyzed blood but more slowly on

intact corpuscles, as would be expected.

Method

Methemoglobin formation after injection of sodium
nitrite and of sodium butyl glycollate nitrate was studied.
Each compound was studied in one dog. The drugs were given
in 0.05 M. concentration, 0.75 cc. per kg. The doses thus
contained the same amount of nitrogen. The method eriployed
for deternination of methemoglobin was that of Evelyn and

Fallory (23)

Resgults
In the two dogs, blood drawn 11 and 13 minutes after
the injections gave methemoglobln values of 0.62 and 0,.64
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Gm. per 100 cec. blood, respectively. At the end of 70 minutes
the latter value was found to have decreased to 0.25 Gnm.
The method of analysis is said to be sensitive only as low

as 0.20 grams per cent.

Discussion

Further evidence is offered showing that the secdium
salts of alkyl glycollate nitrates behave in vivo like
sodium nitrite. Equimolar doses of the two substances formed
nearly identical amounts of methemoglobin upon intravenous
injection. The altered plgment produced by the organic
nitrate disappeared within 70 minutes after the injection.
According to Van Slyke, Hiller, Weisiger, and Cruz (71)
normal blood contains rmethemoglobin to the extent of 0.4
per cent of the total pigment. On that basis, the normal
for the two dogs would be 0.60 and 0.43 Gm. per 100 cc.,
raespectively. One dog had a low total hemoglobin level of
10.8 Gm. per cent. The doses used did not produce much
methemoglobin. Cox and Wendel (14) gave twelve times the
dose of sodium nitrite herein described, or 30 mg. per kg.,
and found 65 per cent of the blood pigment converted to
metheroglobin.

The reduction of metheroglobin, produced by nitrite,
to active hemoglobin proceeds at a fixed rate, as shown by
Cox and ‘Yendel. They measured the rate of disappearance
and found it to be 11.3 per cent of the total pigment (met-

heroglobin plus hemoglobin) per hour. A standsrd deviation
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of 2.0 was reported.

THEOPHYLLINE CONBINATIONS

Theophylline is the xanthine compound of choice in the
routine therapeutic dilatation of coronary arteries It is
sparingly soluble in water, and is usually mixed with an
alkaline salt such as sodium acetate; or with ethylene dia-
mine. The mixtures greatly increase the solubllity of theo-
phylline.

The possibility of using the sodium salt of an alkyl
glycollate nitrate as solubilizing agent presented itself.
Accordingly, a mixture of theophylline and one of the fore-
going nitrates were prepared and solutions containling one

per cent of each were injected intravenously into dogs.

Results

Table 6 shows the depth of blood pressure depression
at varying intervals following injections of 0.5 c¢c of the
solution per kilogram. The pressure was lowest two minuted
after the injection snd thereafter rose very slowly. Defi-
nite depression still exists after 12 minutes. Some ani-
mals recover thereafter, and sore maintain the level of
partial recovery. The n-butyl and n-hexyl homologues were
also found to be active.

The depressor action of theophylline alone was studied
under the same conditions with the exception that glycine
was added to render the alkaloid more soluble. The im=-
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T"#BLE 6

Dapreasor activity of theophylliine with sodium
isobutyl glycollate nitrate

: Depression of blood pressure

Doy f #8 per cent of initial

No. : Time after injection - minutes
H 2 6 12 20 S0

w0 81,6 85.0 87.5 20 .5 90.5

91 71 .6 76 .8 84 .2 112

o2 B5.0 88,8 89 .5 97 .8 o7

o6 Bo.2 86 .2 e .4

o7 70.0 B2H.2 82.1 78 .6

Mean 80,0 84 .0 7ed

S. Do 6.0 L ) 4.l




68

mediate depressor effects upon intravenous injection were

gquite comparable to those produced by the combination with
the nitrate. Recovery was rapid after theophylline alone,
requiring only two or three minutes.

More than 40 injections of the combination product
were made in eleven dogs in an attempt to evaluate various
methods of preparation and relative potency compared with
other theophylline products. The results tabulaested rep-
resent all of the injections made with one particular
vield of the material.

As usual for the nitrates and nitrites, this product

8lso caused a variable increase in the ventricular rate.

An electrocardiogram two minutes after an injection revealed

no change other than an increase in rate from 200 to 240

beats per minute.

Discussion

Theophylline alone produces distinet but transient
depression of arterisl blood pressure. A sodium alkyl

glycollate nitrate solution alone gives an immediate but

prolonged depressor response. Their combination in a single

preparation acts in the same manner as the nitrate alone.
It is probable that only a long series of carefully con-
trolled experiments would reveal whether the alksloid

potentiates the action of this nitrate.



CHAPTER VI

PHARACOLOGY OF THE NITRIC BSTEK OF SODIULR GLYCOLLATE

Sodiur: glycollate nitrate is a white solid, very
soluble in water, and relatively guite stable. It hes a

bitter salty tastse.

PHARV ACODYMAFICS

Depressor sction of Sodium Clycollate Nitrate as Initlisl
:ﬁgravsnous Injections

In their paper, Krantz, Carr, Forrman, and Cone (op. c¢it.)
reported:
4 8triking characteristioc was observed with ine
jections of the nitrate of sodium glycollate. FHigh
molar concentrations (0.25 to 0.5) when injected into
the dog an the first medioation produced a marked and
prolonged depreassor sction. ¥hen the pressure returned
t0 normnl, a second dose ellieited no significant re-
sponse. The tolerance, however, was confined toc the
water-gsoluble nitrates as in animels where this toler-
ance existed, the water insoluble compounds eliclted
rarked depressor response.
This phenorenon has been studied in the present vork. Be-
cause of the resistance to s second dose of this nitrate,
the primary and secondary injections must be studied sepe-
rately.

Results. Table 7 and Figure 4 show the results in dogs,
cats, and rabbits of the initiel dose, 54 rg. per Kg., of
the drug. Four dogs, Nos. 1,8, 8, 117, of both sexes,

welghing from 5.5 to lu.4 Kg. were anesthetized with ether.
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TABLE 7

Depressor effecta of the nitrate of sodium
plycolliate, Inltlial intravencus injsctions

: Blood Pressure
Animal :Initisl. HMinimum ‘limmediate : 8 minutes after
. *  reached ‘recovary : injection
. . ¢ Par’Per cent : Per cent of
.mm. Hax som, He¥fcentiof initial 3 initial
Dous
1 io8 100 T abd 8.6 Bé.4
2 162 120 74.1 Y7.5 g2.6
8 144 112 T .8 110 85.0
117 126 w0 71 .4 $92.0 82.5
Maan 74 .0 §6 .0 8b,u
Standard Deviation(S.D.) 2.8 10.4 4,6
S (%) 104 70 €70 100 02,5
10 (%) 86 &4 62.8 45 72.1
Cuts
1 lo2 B34 60.6 8,4 80.0
5) 116 =54 Vb 100 AT 4!
¥Yean 68,0 g4 .7 T8 .8
Habbits
1 120 74 61.7 None 61 .7
2 106 70 66 .0 None 66 .0
Mean Go.v 65,0

cther anesthiesisa and the carotid artery were usea with
the excertion (%) of dog No. & in which local anesthesis
(rroceine) and the femoral artery was emrloyed. The aose
in 81l cases was b4 mg. (in 0.75 ce.) per kg. %% Dog No 10
haa s8igns of "Distempar®,
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Initial carotid vlood pressure, recorded as described under
Methods, varied among the anirals from 126 to 162 mn. Hg.
Starting from 10 to 15 seconds after the beginning of the
injections, the pressure began to fall, and reached the
minimum values in from 30 to 70 seconds. This level was
maintained for a period varying from 30 to 90 seconds. The
pressure then begins rising and levels off in 8.3 to 3.3
minutes, at a value referred to as "imrediate recovery.”
The table shows all figures and the means and standard devi-
ations where feasible. The mean for the minimum levels
reached just after the injections is 74.0 per cent of the
initial pressure. The standard deviation (8.D.) is small.
The mean of the imrediate recovery levels is 96.3 per cent
of original. Thereafter there is a downward trend as re-
vealed by recording the pressure 8 minutes after injection.
The mean value at that time is 85.9 per cent of pre-injec-
tion blood pressure. There was no further decresse.

The response of a dog (No. 3) with only a locel anes-
thetiec, procaine hydrochloride, and of one which was de-
hydrated, and in peripheral vascular collapse (No. 10)
associated with esn obvious infection resembling distemper,
are also shown. The results in three cats and two rabbits,
also under ether anesthesia are included. Comperisons of
the effects 1ln these groups of animsls may also be seen in
Flgure 4.

Discussion. All aninals exhibited an irrediate
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reduction of blood pressure upon intrsvenous injection of
sodiur glycollate nitrate. It may be seen that only e few
of the anir=ls tested over completely recovered. All showed
a secondary lowering of pressure after the raxirnurm recovery.
The one dog (No.3) which was awake when the drug was in-
jected suffered a deeper fall, but a faster and rore nearly
complete recovery. Thus it can be szid that the drug is
quite active in the conscious dog. 1t was longer acting
in the sick dog, No. 10.

The cats were somewhat rore sensitive to the drug
than were healthy dogs. The rabbits were the most sensi-
tive of the three species studied. Thelr maxirum recovery,
82 and 66 per cent of original pressure, was attained only
after 20 and 16 minutes respectively., This greater sensi-
tivity of rabblits to this water soluble nitrate led to ths
speculation that these anirmals mignt pOSsess a DPoorer sSySe
ter of vasoconstrictor reflexes than the other gpecles.
Thlis nmight explain why their bdlood pressure rerains quite

low for a rmuch longer tire than that of the other anirals,

Depressor aAction of Sodium Glycollate Nitrate as Second
Intravenous Injections

Results. The effects of the repested injections sare

shovn in Table B and Figure 5. The responses to the {first
dose are =galn shown for proper comparison. 1n the table,
the original blood pressure of each aniral is given in the

first column. All other results asre expressed as their
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Depressor effects of the n
glyecollute, JSecondary intra

74

Strate of sodium
venous injections.

f Blood Pressure
Dog : Before ! dinimum reached 3 ;... . e
No, :_injection®! after injection 3 Immediate recovery
: g N ! Per cent of rre-
. mm. g smm. Hxg ¢ Per cent 1n iection 19561
1 115 211 06,7 U9 .6
2 160 142 94" 86.0
8 124 122 98 .4 o8 .4
5 106 100 94.5 100
Wean g6 .1 v8,0
5. Do Lo 1.8

Btner anesthesia. OCarotid
Dose as in initlal Injoactions:

artery blood pressure,
b4 mg. in 0,78 cc par kg.
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per cent of that original wvslue. In the figure, all results
are gilven as per cent of original pressure.

‘The pre~injection blood pressure levels for the second
doses give a rmean of 86.2 per cent of the original level.

It is possible that it 1s lower than normal because of
continuing action of the first dose. The actual falls re-
sulting from the second dose are significantly less than
first responses. Third and subsequent doses rarely cause
any depression of pressure whatever, and usually csause
slight transient elevations.

Two ocats gave results showing resistance to second and
subsequent Injections gquite similar to that of dogs, but a
third cat gave responses showing refractoriness only after
the fourth dose. The percentage falls 1In the latter animal
casused by tne four doses were 36.4, 21.6, 13.4, and 8.2 per
cent respectively. Two rabbits were refractory to second
injections, one nhaving recovered but slightly from the first.
The transient pressor effect was frequently seen in these
animsls also.

It therefore appears that resistance to subseguent in-
Jections is well developed in these anirals, with the excep-
tion of one cat, in which resistance was developed more
slowly.

In investigating the length of tire during which the
renarkable resistance following the first dese might last,

dogs were given a first injection while unanesthizeéd. Later
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they were given a second with the ususl recording of blood
pressure. ‘i'he intervsl was veried fror 2.5 to 18 hours.
Table 9 shows the results of four such experirents., Re-
sistnance lasts more then € hours, and less than 18,

It has been repestedly seen that alkyl esters of
glvcollic acid nitrate produce their characteristic defi-
nite, sharp transient depresslion of blood pressure as readi-
ly in the dog resistant to the sodiur salt, as iIn the fresh
animel. Furtherrmore, the dose of alkyl esters producing
such dependable effects is fsr less than the threshold dose
of salt given ag Initisl injJjections. Concentrations of the
sodium salt of the order of U.5 molar are required in order
to elicit responses in all anirals, while v.004 to 0.01
polar concentrations of the wvarious esters produce equal
falls, although of shorter Quration. Thus refractoriness
to the salt does not prevent response to egsters. Refactori-
ness to esters cannot be produced in any anrniral thet is not
in shock.

Discussion. It is theoretically possible for an animal

toc offset some or all of the dilating tendency of a nitrate
or nitrite by means of increasing vasoconstrictor tone. An
experirent of Filehne's (26) long ago would support such
compensatory eapacity. He found that if the rabbits sym-
pathetic nerve be cut on one side of the neck, and then
stinulated by an interrupted current so as to maintain a

normal degree of wvascular contraction In the ear, amyl



TABLE 9

Duratlion of resistance to sodium glycollate
nitrate followin, a first dose of &4 mg. rer kg.
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!Interval

Bloocd Pressure

Doz ‘between

. Before second
Ro.'injsctions

in jection

4

Minimum after
s2cond inyg=ction

»
-
.
L
4
re
.
*

hovetey o3

. Hours Mm. lg mm., Hg { Per cent
€ 2.0 7% 70 8%
7 4 1086 100 ©5
7] ] ile 110 V8
) 13 310 74 87

First dosos glven intravenously without anesthesia
or recording of blood preasure., iecond dozas (equal to
first) given 1intravenously under ether anesthesia,

Carotid blood rrossure racorded.
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nitrite does not produce vascular dilation on thst, but on
the other side.

The dose of sodium glycollate nitrate given, 54 mg.
per kg., is large, compared to the effective doses of other
organic nitrites and nitrstes. One-hundredth milligram
glyceryl trinitrate per kg. will markedly lower blood pres-—
sure on intravenous injection. The concentration of the
foregoing salt in the extracellular fluid of the body may
be estirated, if one assures that it is evenly distributed
before it is decomposed or excreted. The volune of extra-
cellular fluid (including blood plasma) is roughly 2v per
cent of the body welght, or 200 cc. per kg. If 54 ng. per
kg. of the nitrate are injected, this amount will be present
in escn 2V0 cec., or 27 mg. per 100 cc. This level is ap-
proximately the same as that of urea. If the nitrate is
stable in the body, 1t is easily appreciated that hours
would be required to eliminate the riajor portion of a single
dose via the kidneys. If the nitrate be decomposed as guiock-
ly as the blood pressure recovers, it is difficult to see
shy the animsl 1s not reactive to a second dose. The cor-
pound is very stable to slkall hydrolysis. It does not ex-
plode on heating. We may expect it to be relatively stable
in blood for the following reason. Oberst and Snyder (586)
found that the blood was able to decompose only a slight
anount of glyvceryl trinitrete, whereanas a liver horogenate

was able to decompose much more. It is reasonable to expect



greater cherical activity toward a nitrate in the body cells
than outside them. A moderate degree of decomposition of
sodium glycollate nitrate could progress in the blood and
interstitial fluid and yet not rapidly reduce the concen-
tration of the agent.

The low 0il over water solubllity coefficient of this
nitrate does not favor its permeation of the body cells
where repid decomposition may be expected. It cen be
expected largely to stay in the extracellulasr fluid. Un-
fortunately no dependasble tests for this cormpound are
availeble whereby blood and urine concentration of the
agent could be neasured. This would reveal the validity
of the hypothesis that a substantial blood and extracellular
fluid level of it is malntained Tor a protracted period of
tinme.

Depressor Action of Sodiur Glycollate Nitrate Upon Continu-
ous Slow Infusion

The resistance or refractoriness of dogs to the second
and subsequent doses of the sodium salt suggested the trial
of a continuous intravenous infusion of the agent,

Dog No. 14 under etner anesthesia recelved a 0.5 molar
golution for 13 minutes, at an approximate rate of V.4 ce.
per kg. per rminute. The blood pressure fell from 112 mm.

Hg,. to a minirmm of 73 per cent of that level in two minutes.
It then began rising, reaching 93 per cent of nomal within

5 minutes. At the end of the injection 1t had receded to



81

84 per cent of originsl., The pattern followed is guite
similar to the average response to single injections ale-
ready described. Such en injection now, of the usual dose,
C.7”5 cc¢ per kg. had a slight pressor erfect. uvne fiftieth
of that dose (0.0lk.) of the heptyl ester them had its
usual effect, a drop in blood pressure to 72 per cent of
original with rapid recovery. ‘The tolerance again did not
extend to the ester.

Depressor Action of Sodium Glycollate Nitrate After In-
Jections of Autonoric Nervous oystem Blocking Agents

It seemed appropriaete to psralyze, if possible, the
sympathetic nervous system before adninistering the gly-
collate nitrate salt., It has been mentioned that a sick
dog (No. 10) and two rabbits gave a rmuch more prolonged
depressor effect tnan did healtnyﬁﬂogs. The marked dif-
ference in the latter animsals could possidbly be = result
of inedequate vasoconstrictor reflexes in ther. The re-
covery of healthy dogs and cats may be csused by such
horieostatic mechsnisms. The nitrate, even though still
present in blood and intercellular fluid, may be too weak
to act on the srooth ruscle fibres when they are being
gtinulsted neurogenically.

Table 10 shows the results in two dogs of nicotine
injections, and of subsequent intravenous administration of
godium glyveollate nitrste. In dog No. 11 the ususl dose

{54 mg. per kg.) of nitrate as previously employed was



TADBLE 10

iffect of nicotine on the depressor activity
of sodiunm glycollate nitrate.

H : : Blood Pressure
Dog * Ingection® Dos¢ of Prior to °  After injection
No.: Ho . . nitrate’injection’]l minute -8 minutes
: s mge/Wee Mg, Hg Mg He ! % I Per cent
11 1 b4 104 68 65 71
12 1 b.4 92 77 84 70
2 C.4 Ve 68 g4
%] D&k 72 68 94
4 108 72 72 100

Intravanous injectlons. Ether anesthesis. Carotid
artary pressure racordsci. Dosos of nicotine., Dog Ho, 11,
1,67 mge por ke.: Dog Ho. 12: 1 ny. por kg. Derressor
ragrongs to atimulstion of vagus was nearly abolished.,
Blood Pressure before nicotine: Dog No. 1l: 148 mm.: Dog
No. 12: 106 wmm,



given. A deep fsll 1in pressure was produced which was long
lasting =2nd thus is in contrast to the short falls shown in
Table 7. It more resembles the effect produced in the sick
dog {No. 10) and in the rabbits. 1n dog No. 12, one tenth
of the former dose of the nitrate was given, and again, a
prolonged depressor effect was obtained, although the inm-
mediate fall was less than usual. This small dose, 5.4 mg.
per kge., does not produce more than a faint effect in ani-
mals not premedicated with nicotine. It was repeasted twice
and slight further depression only was produced. This sug=-
gests that in this animal, the first small dose was suffi-
clent to produce a near maxinal effect. Now & larger dose
than evey, 1U8 mg. per kg., was iIncepable of lowering the
pressure further. Figure 6 shows graphically the results
of the initial injections in 2 anirals. In one experinrent,
Dibenamine, 20U mg. per kg. intravenous, was used as the
syrpathetic blocking agent. A long continued depression

of blood pressure was produced when the reduced dose of the

nitrate (5.4 mg. per kg.,) was injected.

£3

Depressor Action of Sodium Glycolliate mitrate Upon Injection

Intc The Suall Intestine

The absorption of sodiurm glycollste nitrate was studied

in several anirals by obsgserving the arterial pressure when
the drug was injected into the luren of the gut through a
hvpodermic needle. The abdoren was opened in the r:id line

and a loop of small intestine plcked up with the fingers.
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Saline injection vas made as controls for this trauratic
procedure., In no case was a fall pro&uced whieh vitisted
the significance of responses to drug injection. Either
slight transient falls were seen as controls, or none were
obsserved at all.

The intestine was chosen for the reason that more rapid
action should ensue than would be the csse 1f the stomach
were inoculated. Table 11 shows the responses obtalned in
three dogs and one rabbit., The onsst of actlion (depressor
effect) was definite encugh in three cases to show that the
drug is active by this route. The variation in suscepti-
bility is evident from the data,.

The resistance or even refractoriness seen after in-
travenous injection of this nitrste was agein produced by
these intestinal injections. %hen intrsvenous injections
were given after the Xatter, slight rises in pressure were
produced, and no further depression could be achieved.

vne dog (No. 20) was given Dibenamine. A small dose
of the sodium salt of the nitrate of glycollic acid was in-
jected Into the intestine after a saline control had caused
‘no change in blood pressure. The dose employed, 5.4 mg. per
kg., gave no appreciable fall when given intravenously to
animals which had not received Dibensmine.

In this experiment the pressure imrmedistely began a
slow decline, dropping from 120 to 84 mm. Hg in 7 minutes.

It rerained st this level for anotner 8 minutes, at which
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TABLE 11

Actlvity of sodium glycollate nitrste uron
injection into the srall intestine

Blood Pressure

»
-
-
-~
N

* 20 ¢8 s

Animel Dose Initial * 10 minutes after injection
mg./ke,  mr. Hyg . rm, Hg {  Per cent

Dog 15 96 122 106 87

Dog 16 144 100 126 1214

Dog 114 1048 116 88 76

dabbilt o o4 80 o8 75

" Ether anesthesia. Carotid artery pressure recorded.
#Dog 114 had previously receivasd other aepr:ssor drugs
but blood pressure was constant at 116 mm, Hg. Effect
of nitrate rapid in this snimal.



87

time an intruvenous injsotion lfdenticsl to the first was

made, Table 12 shows the resultag of these and subsequent
intravenous injsations., A step~like derression csn bes ac-
complishad by employing Dibensmine and smsll rapeat~d doses
of the nitrate, HNo ragligstance or rafractorinesss to the
drug is s=2en in an expériment until low leavels of rrassure
(wiue dilatetion of blood wvessals) sroe roacned., It can
even be scen that there is ayparentliy o dos- - resgronse
relationsnlip with an scocumilative effect,

Discussion. tvidence that sodium glycclliste nitrate

acts by the intesatinel routs hag been presontod. This drugls
weakly dopreggor unless the adrenorglc sympathotie outflow

is weskened or raralyzged. Prolonged falls sr= then obtained.

Othey ffects of Sodium Ulycollate Hitrate

The pulse rate usually increaascs during the dorreasor
r-sronse to this nltrate,  ust as Lt does after injections
of thes alkyl ~stors of glycollate nitrute and of the sodium
derivatives of the latter, An slectrocserdiogram taken before
and during the depressor action showed no abnormality.

Hesrirstion is usuually not slgnificantliy changed., A
81lght decrease Of excursion occusionaily accompanies the
hyrotension.

In two exparimenty the srontanseous rhythmic contractions
of & guinsa pigs intestinal segment in vitro were immedistely

abolishod by addition of 7 mgy. to a 80 e¢c. buth, This 1s of



TADLE 12

Effect of Dibenamine om depressor activity of sodlium
glyﬂwiizzw nitrate piven by intestinal and intraven-
oua routes

T : : Y : -
ﬁiﬁﬁguag Agent : Foute @ Dose 1 Blood %ﬁ?aauwﬁ
o 120
O Dibenamine 1V 20 afe/HEe 180
5 Fnysiol. Saline gut Oe?75 a&f%kg. 120
10 Hitrete gut B4 mg./Ke. 120
1] declining
17 B4
25 Fitrate Leve. bHad ﬁaﬁ;./htg; 83
“HeH Y3
30 Hitrate 1.ve 5.4 mp./Ke. 78
a8 e
a2 ¥itrate 1.ve Dad mee/kge >
22,56 a8
=56 Hitrate 1.9 10,8 M.fk@g* &8
58,5 15341
75 &3
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course typical of nitrite and nitrate action.

TOXICOLOGY

Acute Toxliclty

Dogs whilch received 54 mg. per kg. of the nitric ester
of sodium glycollate intravenously and unanesthetlzed, be-
haved in & normal manner and sexnioited no cbservable 11l
effects. AMembranes of mouth and syes had thelr normal color.
Thls was tne dose used 1n studying the depressor response to
the drug.

Ten palrs oi rats welghing 140 to 200 grams were glven,
intraperitoneally, graded doses which were multiples of 70
mng. per kge. The highest dose was 840 mg. per kge. All ani-
mals survived the 20 hour observaticn periocd. HKNone ex-
hiblited abnormal behavior or appearance save one whlch had
a soft stocol within 20 minutes after Injection of 840 mg.
per kg. Cyanosis was not seen in these animals,

The intraperitonesl LDgo for rats was not found below

S grams per kg., hence was not determined.

Chronlc Toxicity

Six rats were injected intraperitoneally once a day,
29 out of 39 days. One palr received a dose of 80 mg. per
kg., ancther 160, and a third, 320 mg. per kg. An addition-
al palr served as controls, recelving physlological ssaline

gsolution in the same volume as used for the largest dose of
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drug. All animals Increased in welght as may be seen in
Table 13,

The blood cells were studied in the rats receiving the
two hlgher doses employed, and in one contrcl animal, after
the conclusion of the foregoing experiment. The abnormal
findings are listed in Table 1l4. The blood of all rats,
including the control, revealed low counts of the red cells
and low content of hemogloblin. The leukocyte counts varled
greatly, as do those in normal rats, but nesrly within nor-
mal limits. Dilfferentlial counts of the leukocytes were also
normal. Inflammatory reactlions and hematoma of the abdomenal
wall may have been partly responsible for abnormal blood
pilctures.

A larger dose, one gram per kg. was glven daily to 5
rats by intraperitoneal injection. Thelr welights renged
from 125 to 165 grams. After ten injections in eleven days
the welghts were found to have decreased from O to S$.4 per
cent of initisl values. One rat dled on the fifth day and
two on the twelfth. The two remaining were killed on the
thirteenth deay. The following orgens were sectioned,
stalned, and examined: hseart, lung, liver, kldney, spleen,
intestine, bone marrow, and testicle. 1In one of these ani-
mals, all of the foregolng specimens were reported to be
normal. 1In the second rat, infecticus lesions of the ine
testine, apleen and llver wére seen. This may have been

incident to the injectlions (contaminating organisms).
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Fefect of soulum glycoliate nitrate on weight
2¢ intraperitonssal injscetions in oY days in reats

Rat ° Dose ! initial P Terminal | Per cent | Insresse

No. ;mg./kg.; ko ; ki “; each : BVETH GO

1 80 0 .260 0 280 77

2 30 0 227 0 .260 14.8 11.1

S 1€0 0 .206 0.270 18.7

4 1C0 0 .20 0 .00 b .4 27 .6

5 w20 0 .246 0 260 18.0

& YAV 0 244 Q.27 10,7 14.b
Qvera>l averayge 17.8

7 Control O .240 0 .20 20 .8

8 gontrol O .240 0 .00 25.0 22.9

Volume 1injected:

0.8 to 2.7 cc. per 100 gm.

ThBLIE 14

wffect of sodium glveoollate nitraste on blood elsmants

Rat ! urythrocytes Hemoglobin Leukocytes

No. . millions/cc. . grams per . rer cc.
. . 100 oce. N

5 8.08 11.6 8,500

4 6.9 11.7 8,600

o 4,58 8.0 20,800

6 6.40 10.5 7,700

7 7.70 o 19,500
Normal = 9 16.6 8,800 to 1v,000

Rats are those described in Tablel3,.

#L.itersture



CHAPTER VII

DEPRESSOR ACTIVITY OF THE NITRIC ESTHRS
OF MISCELILANEQUS HYDROXY ACIDS

Malic Acid

The disodium salt of the nitric ester of mallc acid
was prepared. It 1s quite soluble in water. Solutlons of
1 M. and 2.7 ¥. strength were lnjected intravencusly 9 times
in 4 dogs.

Dcses of 6 mg. per kg. produce a slight rise in pres-
sure with rapid recovery. Larger doses, between 12 and 187
mg. per kg. produced immediate falls, none lower than 86.8
per cent of pre-injection blood pressurse. In all cases,
however, secondary rises above normal occurred. These
varied from 7 to 25 per cent greater than pre-injection
levels. In 80 seconds recovery at the latter levels was

3een.

Tartaric Acid

The monosodium salt of the dinitrate of tartaric acld,
with pH of 5, was Injected intravenously into two dogs.
Only pressor responsaes were obtalned In one, and preliminary
depressor effects with secondary rlises were seen in the
second. Doses from 65 to 194 mg. per kg. were used.

The disodium salt, with a pH of 8.5, was injected into

one anlimal. Elevations of blood pressure of less than 5



g3

per cent were at first produced, followed by & depression
to 88 per cent of initial pressure within two minutes. A
slow partial recovsry over a ten minute period followed.
These effects were caused by a dose of 25 mg. per kg. A
dose 50 per cent greater nearly duplicated the results in

the same animal.

alpha-llydroxy Isobutyric Acid

The nitrate of the ethyl ester of tnls acid was pre-
pared in 0.01 ¥. solution in 10 per cent alcohol. 0.1 cc.
per kg. gave a deep translent [all in blood pressurse when
injected iIntravenously intc a dog. OC.75 cc. per kg. was
survived once, with considerable depression of respiration,
but was fatal when repeated. Cardlac and respiratory arrest
was 1mmediate.

Paroxysmal tachycardia was produced in a rabcit after
an intestinal injection of 1.5 ecc. per kg. of the same solu-
tion. The toxlc effects thus observed made further obser-

vatlons appear to be unwarrsnted.

Hucle Aclid

The tetranitrate of wmucic acid was prepared as the
ulsodium salt. A C.17 k. solutlion, at pH 8.5, was injected
three times intc two wogs. 0.1 cc. per kg. gave no rotice-
able effects. C.70 and 1.0 cc. per kg. gave translent pres-

sure effects of moderate degree.
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Saccharlc Acid

The dinitrate of the dlsodium salt of ssccharlc acild
was prepared as a 0.1 K. solution. One cublic centimeter,
containing 34.4 mg., was injected 1lntravenously for each
kilogram. Four injectlions were mace into two dogs. The
blood pressure fell to values ranging between 77 and 86 per
cent of the pre-injection levels. A cumulative effect was
observed. The compound is definitely depressor, vut the
dose required 1s large. It seems to be more potent than
sodium glycollate nitrate. No tclerance to second injec-
tions was seen, and the hypotension caused lasted f'or more

than 30 minutes.

Lactic Acid

Ethyl lactate nitrate in saturated aqueous solution
was in jected lnto a dog intravenously, 1.0 cec. per kg. An
immediate fall in blood pressure to 84 psr cent of the former
level was obssrved. A rapld recovery ensued. The response
was very simlilar to that followlng alkyl glycollate nitrate
injections. Krantz, et al. (47), observed the pctent de=-
pressor activity of this lactate. They found the scdium
salt of lactic acld to be very weak, and commented on the

great difference in tne two compounds.

Glyceryl l-glycollate

The trinitrate of glyceryl l-glycollate was synthesized

and Injected twelve tlmes into four animals. It proved to
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be roughly equlvalent to glyceryl trinitrate In potency but
weaker than mannitol hexanitrate on a molar basis. Increased
duration of activity was not attalned by the new nitrate. It
was sparingly soluble, and, like glyceryl trinitrate, 1t was
irjected in alcohollc solution. The pure compound, in oil,
was quite active when appllied to the oral mucous membranss
ol dogs.

1, 3-Diacetyl glycerol was nitrated at the number 2
position and & 0.02 . solutiorn in 20 per cent alcohol was
injected intravenously. A 20 per cent fell in pressure oc-

curred imredliately. Recovery requlired 90 seconds.

Discussion

Ko sparingly soluble organic nitrates were found which
exnlbit any superiority over the pulynitrates such &s manni-
tol hexanitrate. The four esters investligated pcssess de-
pressor activity in small doses. The responses are temporary,
and another dose produced approximately the same results.

Some of the salts of nitrated aclds (saccharate and
tartrate) possess depressor activity of a prolonged type,
but only when considerably larger doses are glven. They

are quite water scluble.



CHAPTER VIII

INVESTIGATIONS OF SOME POSSIBLE MECHANWISMS
CF ACTICN OF NITRATE AND EITRITE

ADENCSINE TRIPHOSPHATE ACTIVITY

The immedlate source of energy for skeletal muscle
contracticn 1s described as being the hlgh energy phosphate
bonds in adenosine triphosphate (ATP). The hydrolysis of
this compound 1is catalyzed by certain enzymes having the
collective name adenosinetriphoasphatase (ATPase). Myosin,
the contractile protein of skeletal muscle, has high ATPase
activity. This is & strategic arrangement. There are en=-
zymes in various none-muscular tlissue which hydrolyze ATP
(21), and there has been described a non-myosin ATPase in
skeletal muscle (43). Certaln ions have marked effects
upon the actlivity of these enzymes. Magnesium and copper
strongly inhiblt the actlvity of myoslin on ATP. Chloro-
mercurlbenzoate has been found to inhlbit the hydrolysis.
Other inhlbiting substances found in bilologlical materials
have been described,

No mention of studlies of the effect of a nitrate or
nitrite upon ATPase activity was found. Sodium nitrite
was selected as the appropriate representative of the group
for such a study. Because more has been learned and de=

scribed concerning ATPase actlvity of skeletal muscle than
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of amocth muscle, most of the experiments herein reported

were made with skeletal muscle preparationse.

Ketnod

The manner of prepering a homogenate of skeletal muscle
was one described by Dubois and Potter (21). A rat was
killed by a blow on the head and the thigh and gluteal
muscles on one slde were gquickly removed and macerated in
a cold tissue mincer. The pulp was quickly weighed and then
ground with cold, washed send in a cold mortar. A paste-
like conslistency was attalned with sand for the first filve
minutes of grinding, to insure better disintegration of
muscle fibres. Cold distlilled water was gradually added
until 2 one per cent suspension of muscle was obtalned.

The substrate for the reaction was sodium ATP, pre-
pared from the comrercial .y avallable dibarium ATP. The
conversion was accomplished by passing a solution of the
barium saslt through a column of Amberlite IR-100 resin which
had been "activated™ by treatment with sodium carbonate. The
lon exchange procedure was repeated once. The eluate,
sodium ATP, barium free, was brought to 2 pH of 7.4 with
hydrochloric acid and to such volume as to result in a 0.013 M.
solution.

The hydrolysis of ATP by the muscle homogenate was
carrled out with small quantities carefully measured, using
appropriate plpettes. Glas:z tubes 10 x 50 mn. were used for

incubatlon of the materlals. The reagents listed below are
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as deseribed by the foregoing =suthors, but the asrount of
wvater added has been ineressed in order to facilitnte sube
segquent pipetting. l1noreased accuracy was attained therebdby.
Into sore tubes were placed the following solutions:

0.15 cc., 0,080, diethyl barbiturate, pH 7.4

0.05 co. U.04. caleiur chloride

0.15 cc. U013, ATY, pPH 7.4 (intentlional exces)

0.10 ce, 0,01 or 1,0 per cent NaNlgp golution

V.l0 co. 1.0 per csnt muscle horogenate

0.35 co. distllled water

Two or thres tubes were thus prepared. Two or three

rore were prepared omitting the sodium nitrite, replscing
it with an eyusl volume of water. In two tubes only the
ruscle suspension {6.10 co) was placed, with 0.8 ecc. water
to bring to s volume egual to that of the others. This was
the procedure used in every experirent. After fifteen rin-
utes inocubation at 37.5 C., to each tube was added U.l co.
50 per cent triochloracetic ascid to hslt enzymatic activity.
One cubic centiretar of water was then sdded, bringing the
volume in each tube to 2.0 sce. Suspended matter was avolded
by centrifuging, and inorganic phosphate determinations were
rnade using 1.0 c¢ce¢. portions of the supernatant fluid. The
figures obtained were then doubled, in order to represent
the original reaction nmixtures. The original method of
Dubois and Potter cslled for a finaml volure of 0.65 cc.,
fror: which 0.30 ce. was reroved for anmlysis. The rmechani-
cal difficulties of pipetting the latter without disturbing
the sedirment was obJjectionable. Errors in pipetting the

aligquot have less effect on variation of results if the
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greater dilution is made.

Freguently during the weeks during which this study was
nade, nmnalysis of the#nosphﬂte contained in the buffer, the
calciur chloride solution, and the ATP sgolution was deter-
rined. The Tigures varled only slightly during that tinme
fror 3.9 to 4,7 garra inorgenic phosphate, contained in all
three solutions corbined, in the smcunts placed in the in-
cubation tubes.

All necessary control dsta have now been described.

By subtrscting the phosphate of the ingredients {buffler
calclum chioride, and ATP, analyzed together, and nuscle
horogenate snalyzed alone) frorn thet of the rixture of all
reagents except nitrite, the norriel sctivity of the ruscle
enzymes csn be ascertained. The sare may be done when
nitrite is present, and the effect of the latter remdily
seen. The first four experinents were run in peirs, asnd
the lnst three in triplicate.

The riethod of determining inorgasnic orthophosphete wasg
modified from Piske and Subbarow (28). It 1s & colorimetric
procedure in which the unknowns are corpared to standerds in
an photoelectiric colorireter. A Klett-Surrerson instrument
was used in this work. A blank was run in each case, using
only the resgents for developing the color. The readings
on the scale were subatracted frox those of the standesrds
and of the unknown solutions before the latter two groups

wgre compared. Fhosphate pregsent in the color reagenta and

B PR
o Ty
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distilled wster were thus controlled. Readings were tnken
at least twice, and 1if color had deepeded, owing te further
hydrolysi=s of ATP in the acidlc esnslyticel reasgents, extrsa-
polation to zero tire wss peode.

In one experirent (Number $) a solution 1 of rabbit
skeletal ruscle proteinz, with other cellular constituents,
derived by extracting without grinding wes used. JAmberson
{1) devised & "mild extraction" procedure using e pyro-
phosphate splits myosin svmy frox its corbination with actin,
whereupon it diffuses into the solution through the intact
sarcolerra., The readings produced in analyzing for phos-
phate were higher than necessary, becruse the solution wvms
not dialyzed after extrsction. This d4id not affect TLinel
results.

In another experiment (Number 6) the srme extraction
rethod was spplled to dog urinsry bladders. The resulting
golution was dlalyzed egainst distilled water. The pre-
cipitated proteins were then partly redissolved by adding
crystelline potassiur chloride cslculated to result in a
0.12 molar solutlon of that salt. Lyosin is most soluble
in dilute KCl solutions. The myosin content of the solutions
thus mede was not known guantitetively. ATPese sctivity was

deronatrated however,

;Kindly supplied by Dr. W.R. Amberson, Professor of
Physiology, 3chool of Fedicine, University of Farylend.
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The apount of sodium nitrite used in the first four
experiments was 1 mge. (l.0 per cent solution}. This axount,
and an equal amount of wet muscle, were diluted nine tires
during the incubation. In the last three experirents the
nitrite concentrstion was only one hundredth of thset in the
pruceding ones. The latter would be closer to s theoretical
goncentration of nitrite atteinable in vivo with e depressor
dose, It seened advisable to employ two drug levels in
order tc asceriain any differences in effects which might
exist,

Resaults

All actual rendings on the ocolorimeter, made at ten
minutes after color reagents were added, are given in Table
15. The wvariability in duplicete and triplicate determinstions
may thus be seen. The table also presents the finasl arounts
of phosphate, as phosphorus, liberated with and without sodi-
ur: nitrite. These figures have been corrected for free
phosphate in all reagents and for that in the ruscle, or
produced by it, during incubation, frorn its inherently bound

phosphate.

Discussion

in three experirents, there seemed to be greater enzyne
activity in the presence of scdium nitrite than in the normal
acacntrolas. This rmay be insignificant. It was shown not to
be caused by phosphate contarinating the nitrite by seversl

analyses on that solution slone. When the arount of nitrite
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YABLE 15

Effect of sodium nitrite on adenosinetrirhosrhatase
activity of musecle tissue

Experi-‘Source® ATP hydrolysis in 15 minutes at 57.5°C
ment ; of ; Colorimeter readings® Phosphorus liberated
No. :ATPase: Normal § With NaNOg : Normali Wwith NaNOg
gamma Lamma
1 89.5 1s5.6
¥l1.0
2 1.0 mge 57.0 71.0 11.4 14,5
wet 61.0 (lost)
skeletal
S muscle 66.5 76 .0 12.5 15,0
(ret) 67 .0 7546
homo=-
4 genlzed 97 .6 107 .0 17 .6 20.0
in 8% .0 101.0
C.1l cc.
5 water 897.b 87.b
100.0 ve2.0 lv .4 18.1
u8.b 102.5
0.1 cc.
6 asxeletal 166.,0 166 .0
muscle 160.0 170.0 6.7 6.5
extract 175.0 178.0
0.1 cc.
7 smooth 45.0 44,5
muscle 44,0 44 .5 6.4 6.4
extract 44 .0 44 .0

1.0 mg. NaNO, used in experiments 1 - 4; 0,01 mg. used
in remaining ones. Extracts in experiments 6 and 7 made by
suspending muscle tisusue without grinding in ryrorhosphate
solution at 09C for several davs, See text,
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used was decreased, there were less differences betwsen the
treated and non-treated samples. The grester sgreenent nay
heve resulted from the serployment of three saxples for each
Eroup. »ore aceurate mesn Tigures are to bYe expected vhen
rore determinations are made. It was inpracticsl to add
more samples to each sexperirent, The other controls and
standarde, added to the gix samples, brought the total
nuriber of snalyses to twelve or fourteen. The lsbility of
ATP in acld solution necessitated acourate timing when meking
readings. moOre anslyses cannot be made with the rigld sched-
ule which must be followed.

It is concluded that sodium nitrite hes no effect upon
the ATPase zotivity of skeletsl or of smooth rmuscle enzynes
in vitro. A single experirent using Syntropan (trople acid
ester of 3-dlethylanino - 2, 2 - dimethyl - 1 - propancl}4?y per
tube raveasled no elffect upon ATP hydrolysis by the smooth
muscle extract, This is ten tires the concentration whiech

1711l relax & srmooth ruascle strip in a bath.
OXYCGEN CONSUl PTION OF KIDMEY IN VITRO

Ko studies on the effect of a nitrite or of a nitrate
upon the oxygen uptake of surviving tissue c¢ells were found.
It was conasidered desirable to deternine whether & change
in the respiration occurs in the presence of one of thosze
agents. Sodiurm nitrite offered the best characteristices,
veing inorganic, neutrsl, sirple in composltion, and stable

in solution.



104

Lethod

Albino rats of both sexes welghing 130 to 200 grars
weore used. They were fed a stsndard diet ¢tc which they hsad
free naccess. They were killed by a dblow on the hesd. The
kidneys were bisected longitudinally through the hilum.

The capsule, pelvis structures, and pyranmids were reroved,
leaving the cortex and a subjJacent thin shell of redulla,
Slices were then cut 0.2 to 0.3 mm. in thickness snd kept
in cool Ringer-lLocke solution. The poles of the organs
were not useéd, in order to maintain a more uniform propor-
tion of cortex and medulla in the slices.

Into each respirometer flask contalning 3.0 oc. Kinger-
Locke solution were placed 4 or 5 slices of tlssue, selected
for uniforr: thickness. In the center wells were placed 0,2
¢c. 20 per cent potassiur hydroxide solution and a rneasured
size strip of specianl filter paper. The latter served to
incrense the surface area of the alksli and thus to prorote
adequate absorption of earbon dioxide. The gas phase was
oxygen, established by a 5 minute fiushing with the gas.

A period of 15 rminutes shaking wlth stop-cocks open in the
water bath, maintained at 38,u % 0.19C. Was allowed for
terperature equilibration. The interval between the tire
of desth of the animal and the beginning of reasurement of
regpiration varied between 45 and 60 rlnutes. 7The sheking
apparntus produced 11U corplete osciliations per minute

through a diastsnce of 4.5 ome.
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This constitutes the direct method of Warburg as
rodified and thoroughly explalned by Dixon (18). Other
details of the method, including mmterinals and calculation
of flask constants, were followed cs presented by that
author.

In each experiment, three flasks served as controls,
peasuring oxygen consumption under the conditions described,
without the addition of a drug. Three flasks served to
reasure oxygen uptake in the presence of the nitrite. One
flask, without tissue, served as a control of the sffects
of terperature variations on the volune of ges in the flasks.
Carbon dioxide was gbgorbed and thus did not affect the
reading of oxygen upteke. The latter ray be referred to
with the customary symbol, (pg. It will be expressed as
cubic millireters of the gas at norrel terperature and pres-
sure, which were consumed by the tissue in terms of mg. {(dry
weight), per hour. To convert such values to a basis of wet
tissue weight a2 multiplication factor of 4.88 # 0.12 has
been offered by Crimson and Field.

The three determinations for {yp in the presence of
nitrite were averaged, =and the meéan was expressed as per
cent of the mesn of the three determinations of the normal
<Ogp for that aninal. Thus 100 per cent (gp would rean that
there was no significsnt difference in oxygen consumption
vetween the controls end the drug-trected tissue. 850 per
cent (, Tepresenis a reduction in oxygen uptaks by that

cent QO represents a refuction in oxygen uptaks by that

P s A @
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Horrial «g, in these experiments varied between 8.1

and 1. 3 »

Results

The results of the experiments using sodium nitrite
are sumrarized in Table 16, The data are divided in order
to show in the upper portion those obtained by the suthor
with R. Burgison, and in the lower portion those obtasined
by J. Knapp.

From the table, it can be Been that srmaller concen-
trations of sodiur nitrite do not rnessurably deorease
oxygen uptake, while concentrations above 0,05 per cent
definlitely depress an. There was very little wvariation
in the figures for the op in the flasks containing 0.05

per cent or rnore nitrite, ass seen in Table 17.

in a single experirent using slices of srell intestine
without stripping its mucosa, Qoz weas depressed tc 53 per
cent of control values in the presencs of 0,10 per cent
gsodiu nitrite. Sodium nitrate, isosorbide dinitrate, and
isobutyl glyoollate nitrate did not significently suppress
oxygen uptake of intestine. All were present in 0.10 per
cent concentration. ‘he latter glycollrte had no inhibitory

effect on kildney slices in the same concentration.

Discuansion
The concentration of sodiur nitrite which innibits

oxygen consurption of kidney ocells in vitro i3 so great



TABLE 16

The effect of sodlum nltrite on the
oxysen consumption of kidney slices
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Concentration of sodium nitrite

" we

:0.01% ¢ 0.018% } 0.0204% | 0.025% : 0.06% : 0.10p
Q0,88  100% 100%  100% 90% 55% % BuEw
prer cent Tu% 67% 42%%
of con-
trols
Aversges 100k 100% v0% 89% 55% 5%
Ry, 100% 57% 56 1%

2 100% 42%

#Individual Qo‘ determinations making ur thes= regults
are exhibitad in ‘}mgle 17, 3% Additional determinations (see

text).
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TABLE 17

Effect of sodium nitrite on Qp, of kidney
s8lices: 1individual determinations

Concen-* Qoo = Cu. Mm. per Mg. dry weight ' Qop
trﬁgion; Controls N With NaNOg . with
: Haeh . baeh ¥ : NaNOy, as
NQNOB : flask H Avm‘age: flsak 1 Average s per g:;nt
. : . ¢ : of control
10.0 6.9
0.05% 10,9 10.186 5.2 5,57 55
(loat) 6.2
11,0 746
0.105% 16.0 12.76 8.1 8.07 6o
1l.9 8.6
| 1.1 4.4
0.10% 12.7 11 .97 5.7 .00 47z
12.1 5.0




109

that it cannot be said that these experiments serve to
demonstrate any effect on oo whleh may occur in vivo with
any reasonable depressor dose. The large doses given by
Kath {op. cit.}, and repeated in work previousiy described
herein, would give a theoretical extraceliular ¥fiuid con-
centration of about 3 mg. per sent. o inhibition of Yy,
was observed in solutions containing ilv mge. per cent.

The effect of sodlum nitrite on resting skeletal or
smooth rmuscle coculd not be interpreted as reflecting the
effect on contracting musclae, The oxygen consumption of
smooth muscle in a state contraction could not be measured
in the presence of nitrite because the muscle guickly re-
laxes in contact with that drug. The oxygen requirement
of the muscle would of course drop to a fraction of its
formmer value, beocause it is no longer working.

1t is concluded therefore, that in thermpeutic doses,
nitrites and nitrates probably do not cause depression of
oxygen uptake by any tissue except contractile tissue which
is relaxed or weakened by the drug. Decresnse in oxygen cone
guripticn in that case would of course be incident to relaxa-
tion. 1t nmay yet be the cause of the relaxation. Perhaps
netnyoglobin is formed and thus rob the contractile machinery
of one source of energy. rerhaps aeroble or glycogen metabo-
liam ig interfered with at sone point. A long series of in-

vestigations would be requilred in exploring all possibllities.
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CYTOCHROME OXIDASE ACTIVITY

It would seern recasonabls to suspect that the nitrates
and nitrites would be capable of oxidizing the iron of
cytochrome oxidase to the ferric state, as they do that
of hermoglobine. It would then be possible to detect de-
creansed function of that enzyme. in order to deterrine any
suof inhibition, = saturaeted ngeous solution of n-propyl
glycollate nitrate was prepared (ca. V.18 per cent) and
neutralized to a pH of epproxirately 8 with sodiun bicer-
bonate.

A fresh rat brain brei was prepared using 4 cc. water
to one gram of well ground brain. Two cc. of this suspension
were treated with one cc. of the nitrste sclution, s2nd an-
other such guantity of brel was used as control. One hslf
cc. Of “NaDI¥ reagent (1) was added to each, and the tubes
placed in s water bath at 37.5 + 0.2°C. 1In all tubes, the
color began developing in two ninutes and was fully and
equally developed in five minutes. There wss thus no ine
hivition of the oytochromre oxldase in the brain suspension
by the nitr:te. This experinent was repeated once with ths

sarme resulta,.

{1}
Containe dimethylparaphenylene diamine nCl, alphsae-

naphthol and sodium carbonate,
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CYTOCHROME REDUCTASE ACTIVITY

One cc. of a 1:4 brain brei, 1 cc. of a bulfered 1:5000
methylene bilue solution, and U.l co. of elther 1,0 or 0,01
per cent sodiunm nltrite solution were placed 1ln Thunberg
tubes, They were evacuated of nearly all alir, and placed
in a bath at 37.5 + 0,2°C. The time for decolorization was
tne same for the nitrite containing suspensions as for their
respective controls. ‘he tire wmas 21 rinutes with 1 per
cent nltrite (control, 22) and 17 minmutes Por U.31 per cent
nitrite and 1ts control.

Inorganic nitrite does not appear to inhibit cytochronme
reductase even in nigh conocentration. The higher concene
tration of nitrite in the foregoing tests was 50 nge. per

lu0 cec. of reaction mixture being incubsted.



CHAPTER iX

DISCUSSION AND CONCLUSIONS

Discussion

It has been desirable to place discussion after the
experinental data throughout this work. 1ln this section,
some of the concepts derived from these experiments and
fromn the leterature will be surrarized and better integrated.

When an organic nitrate which is sparingly soluble in
water is Injected intravenousaly, the threshold depressor
dose ls very small. 1t probably acts in the vascular bed
of the lungs. Only a fractlon of the dose injected nay
reach the greater clirculation. Probably none reaches the
venous system, because of chenical changes in its structure
producaed by the tissue cells. 1t probably reaches the celis,
mainly those of pulnonary tissue, without being sltered to
an appreciable extent by the blocd. It reaches sll types of
cells ag ni:trate, and in thelr plasmatic membranes or ocyto-
plasm 1t undergoes chemical change. It cannot be saild
whether the nitrate molecule relaxes srooth rmscle while it
is in its original form, or whether 1t is a further reduction
product which is responsible. Several reduction products
are known, the lowest belng srmonia. It is undoubtedly sane
reaction between one of the compounds possible in the chain

of reduction, and some conatituent of the cell whiech causes
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the relaxation of srooth ruscle sné the wenkened contraction
of striated rmscle, Wwork of the nuthor and others have
shown thnt the nitrates are guickly ch-nged chermicnlly by
the body a2 a whole and by isolated tissue snd cells. This
i3 in contrast to the type of cellular depressants repre-
sented by volatile anesthetics which are believed not te
be nltered during their sojourn in the body.

Just what the reaction may be which causes depression
of muscel tissue is not xnowvn. Some possibilities have
been rendered unlikely by experiments reported in the pre-
ceding chapter. There are nany more cellular reactions,
predoriinately enzymatlie, which could be studied under the
influence of nitrite or nitrate. The senrch for one, on
wnich these amgents might have a depressant effect in very
low guantities, would probably be a long one, Confusing
results misght de obtained as the interrelations of the
catalvtic reactions ere very complex. The present thera-
peautic status of the nitrates may not warrant such a sgsarch.

In a vwmter soluble organic nitrste, such as sodiunm
glveollate nitrate, the threshold intrsvenous depressor dose
is rany tires greater tnan that of the sparingly soluble
compounda. Whether this is because its 0ll over water co-
@fficient is so low that 1¢ falls to enter tne lipoid ren-
brane of tne muscle cell in adeguate gunntity, or beczuse
of increased resistance to chericesl change by the cellulsar

gyster s, ¢annot be stated. It is provadly due to both of
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these factors.

With the increase in threshold dose, a decrease in
toxicity oecurs in water soluble nitrates. Large doses
can be given which probably circulate for hours. Elinins-
tion may be by way of the kidneys and by degrad=ztion in the
tissues. The latter must be sleow, or of a different type
than that which occurs iIn thes c¢ase of insoluble nitrates.
Otherwiwe we should expect more potency from the soluble
compounds.

The resistance of the vascular syster to repeated doses
of sodiunm glycollate nitrste se=srms to be caused by an ad=-
Justment by that systerm to the presence of a high extra-
¢ellular fluid level of the drug. It may be tolerance in
the usual sense on a cheriical basgis, or it may be an adjust-
rent on the basis of increased neurogenic vasoconstrictor
tone. If the latter is rendered imrpossible by drugs which
block ceonstrictor impulses, greatly prolonged falls are ob-
tained and with smaller doses of the glycollate.

All glycollate nitrates were active as depressor agents
when injected into the gut. Sparingly soluble nitrates, if
active by the intravenous route, may be placed in the gut
in larger arounts whereupon continuous absorption and de-
pressor action ensues for long periods. xannitol hexanitrate
is the nmost potent vasodilator of any nitrate used in this
work. Erythrityl tetranitrate and glyceryl trinitrste were

less potent, yet far rore active than tne glyocollate nitrates.
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These polynltrates are very spuringiy soluble, particulsrly
the six carbon compound. A depot bf the latter in the gut
is probably not exnsusted for the 4 to 6 hours during whieh
tlood pressure ig reduced by a therapeutlc dose {30 ge).
The fraction of the dose finding 1ts way into the blood
stream ench second resches the cells, and that wnich reanches
the ruscle cells of the vascular tree causes relaxation.
The blood concentration probably is rainteine? at » niatesu
whlen is extrerely low, because of continuous dastruction

f tne nitrante by the cells.

‘The rapld disappesrance of relsatively great doses of
gndiur nitrite atter intravenous adrninistration nakes it
appear Tutile to senrcoh for blood nitrite after adrinis-
tratlion of minute doses of the very potent polvnitrates.
The blood level of nitrite after administration of nitrate
has occupied many workers for rany decesdes. parshall bee
lieved, in 1897, in the probabllity tnat any reduction
which occurs to nitrates 1s in the cells thenselves.

There is apparently no nsed for a more potent insolu-
ble nitrate than mannitol hexanitrate. The possibilities
of water soluble organic nitrates in therspeutics are not
yet elenr. They would appear to mrerit further research,
These studies indlcate low toxiclty mand prolonged action
of a2 nllder degree than that of insoiuble nitrates. The
godiur. derivatives of alkyl glycoilate nitrates sare oex-
cluded from the promising water soluble corpounds because

of their methemoglobin formation.
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Sunrary and conciusions

1. A brief discussion of some problems which should be con-
sidered by one lInterested in resesrch iIn hypertension
has been gilven. BAtiologic and therepeutic aspecis have
been included.

2e A brief history of the discovery and developneni of the
nain pharmacologic actions of nltrites and orgeanic ni-
trates has bDeen prasisentsd., The guestion of the obli-
gatory reduotion of nitrates Lo nitrite before vasow
dllatation is produced has been roviewed., Some new

vievwpolnts derived Irom verious experirents reporied
have bevn discusasd.

Se Whe main pharmacologic amctiouns of a geriss of horologous
orgaunic nitrates have been presented. The sodiw selt
and the alkyl esters of the nltrate of glycollic acid
from methyl to decyl, and the myristyl ester were studied.
The salt 13 very weak, but has ¥ery low acute toxicity
and ocan be injected in large mmounts. After Initial
narked depressor raesponses, the blood pressure finslly
becones constant at a level which is sbout 80 to 90 per
cent of pre-~injection level. Further injections have
little or no effect., Blookade of wasoconstrictor out-
flow grently augnents the depressor anction of this galt,

4, The alkyl esters of glycollate nitrate are congiderably
morae potent than the salt, but far inferior to rannitol

hexanitrate on a wolar basis. On a "per nitrate group®
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basis the latisr 1Is still several tires rmore potent

than the roat potent merber of the glyeollate esters.
This superiority is probably by the grenter oil over
water coefficient snd grester esse of reduction by
cellular systems.

A method for the biosasay of the relative potency of
vasodilstors of gertain characteristics is described

and many of the glycollate ssters were assayved. The
rethod should be very useful if the conpounds 1in ape-
propriate doses produce reproducible depreasor affects
of short duraetion with disappsarance of the agenes fronm
the blood strear. in reasonably short periods of tine.
The glycollates showed inoreasing potency with ascension
of the alkyli eater series. A decrease in waeter solu-
bility and thus in 0il over water ooefficlents accorpa-
nles the ascent. Tihe latter probsbly accounts for
potency relstionships. n-Heptyl glycollate nitrate is
the most potent of the norral ohain esters. The two
iso- esters studled, the isobutyl and the isoanyl, were
usually potent for thelr solublility, and were eguivelent
to the n«~heptyl hor:olog in potency. None of thesa esters
seens to offer therapeutic pronise,

The activity of alkyl glycollante nitrates after treate-
rent with strong alkali has been desoribed. In seversl
ways it resexblses the actions of sodiunm nitrite. It

Ay repreaent an easily hydrolyzed forr of the nitrate.
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It holds forth no promise as a hypotensive agent.
Several other hydroxy acid nitrates have been briefly
gtudied for depressor potency. The sodium sslt of
saccharic acid dinitrate showed potentialities as long
acting vasodilator. It was inadeguately studied.
A few cellular functions were studied in regerd to the
possible rmechanism of action of sodium nitrite as a
rmuscle depressant., Adenosinetriphosphatase =sctivity
in smooth and skeletal ruscle was found to be unaf-
fected by reasonable and by excessive concentrations of
nitrite. Oxygen consurption of tissue slices was found
to be depressed only by very high concentrations of the
salt. In concentration attsinable by ususl depressor
doses in vivo no effects were produced. Cytochrone
oxidase and reductase of brain tissue were unaffected
by sodium nitrite. It is felt that further search along
these lines is not warranted. The usefulness of the
nitrites and nitrates is too limited, and the investiga-
tion is too involved.
A8 the chemistry of snooth rmuscle funoticn is elucidated
in the future, certain resctions may become known which
will be arienable to control by drugs. If differences
are found between arteriolar muscle cells and other
srnmooth musculasture, and a specific depression of activi-
ty ean be effected in the former, that inhibitory mechsa-

nism may offer a valuable aspproach in the chemotherapy



of hypertension. There wlll still rerain problems which
may interdioct the use of such an approach. kany func-
tions of the body are disturbed by alterations in blood
pressure. 7They must be studied when a vaszodilstor is
beling recommended for c¢liniesl use., If hypertension

is frequently coaused by psychosomatic factors, its
prevantion is not foressen on any sdeqguate scnle, IT

it is humoral, greater optimism in prevention and treat-
mont is justified. In the meantire, Jjudiclous use of
nitrites and nitrates 1s occasionally justifieﬁ. The
further study »of thelr possibilitiss is therafore war-
rantad. If their ussfulness is to be inoressed, it

will probably be in the field of water soluble compounds.
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APPENDIX
TABLL 18
Depressor respoase of nitrates of glycollle acla estors

{(Krantz, Carr, Forman and Cone, 1940)

re

H

Neme of ; Formula : BEffective Depressor: Oil/water
Compound t ¢t Molar Conecentration:Coefficlent
Nitrate of
soulum CHy.C00.Na 0.10 O.9

glycollate NO3

Nitrsate of
slycollate

Nitrate of
proryl
glycollate G JHr 0.008 24

Nitrate of
butyl
glycollate -C 4Hg 0.003 108

Hitrsate of
slycollate
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TABLE 19
STRUCTURAL FORMULAS OF NITRATES USED IN THIS STUDY

[vao,wocHCOOR] OpNO-CH~COONa
Sodlum Alkyl CHg-COORa
Glycollate Nitrate 1-Digodium Malate Nitrate
?%02 H CHz
Na00C~-¢ —— G-COONa CHg-i CO0CzHg
H ONOg NOg,

d=Disodium Tartrate Dinitrate Ethyl Isobutyrate alpha-Nltrate

B ONop gNOg H
NaooC ? ? ? COOKg
ONOz ® B ONOg

Disodium Mucate Tetranitrate

Mop B o guog
NaOoC ? ? M g COORa

H OH H
Disodium Saccharate Dinitrate

EQ?~OOG—CH2~Oﬁ09 HoC~00C~CHgy
|
HC-ONOg H?-OHOE
Hg, C~ON O, Ho C~ 000~ CHg
1-Glycollyl Glycerol 1,3-Dilacetyl Glycerol-2-
Trinitrate Nitrate
CHz~CH=COOCoHg

dl~lithyl Lactate lNitrate
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Tabl.s 20

Concentration of &icohol usad as solvent in asssys
of alkyl glycollate nitrates

Alkyl group . Holarity . Per cent alcohol
Methyl 0.01 0
wthvl 0.01 0
n-Propyl 0.01 8
Isoproryl 0.0 5
n-Butyl 0.0 21
s=zc-Butvl 0,01 17
Isobutyl 0.010 26

(3tanueard) 0.009 25.5
0 .008 20

0.00% 17.5
0.008 15

0.0086 12.56
0.004 10

0.0038 7.5

0.0026 6.5
0.002 5

0.001 2.5
n-Amyl 0.0 36
Isocamyl 0.01 45
n=-Hexrl 0.0 42
n-Heptyl 0.03 46

n=0ctyl 0.01 58
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TaBLE 21

Assay of n-propyl glycollate nitrate
Doy Ho. 51 1/% ce. per kilogrsm

“ffect on blood pressure - per cent fall
n=-Propyl glycollate' ZIsobubyl slycollate nitrate

nitrate 0.01M. 0,000, i 0.,004M, i 0.01%.
lo.4 7.0 12,7 28.8
11,6 10.0
10.0 10.9
Averege 11.8 11.1
saobutyl Hating: 0.4
TABLE 22
Assay of 1soproryl glvecolilate nitrate
Doyg o, 8o 0,6 cc, par kilogram
uff~ct on blcod pressure - per cent fall
Isoprepryl sglycolliate : Isobutyl glycollate nitrate
nitrate 0.01M, ! 0,008M, § 0,004M, ! 0.00C5H,
6.7 D46 &7 g.C
6.7 6.7 7.0
6.9 6.5
A'V' Toge 6.8 (.3.(3 r’.&-

Lfagobutyl Rating: 0.4




128

TABLIE 26

Assay of n-butyl glvcollaute nitrate
Doy No. Bo 0.b CcC, per kilogram

Effact on blood pressurs - per cent full
n-Butyl glycollate * Isobutyl glycollate nitrate

nitrate 0.01M. P _0.000M, § 0.004M. i 0.005M,
6.7 3.6 7.6 8.8
6.8 7.0 7.0
Dev 6.7
5.5 6.6
7.1 6,7
4.2 6.7
6.7 6.4
6.6
Averse 6.1 6.8 7.8
Isobutyl Rating: 0.4
TABLE 24
Assay of sec-butyl glvaocllate nitrate
Dos Ho. 78 0.25 cec. ror kiloygram
ffect on blood prassure - per csnt fall
sec-Butyl glycollate * Isobutyl glvcollate nitrate
nitrate 0.01M. P 0.0026H.t 0,008, § 0.004K,
10.0 IR 15.7 15.0
12.0 12.56
lo.4 12,7
v.3 1l.0
lo.4 10.5
AvVeraue 11.7 12.1

isobutyl Hating: 0.0




TaABLE 256

Asesay of n-amyl glyenllate ni
Dog No., B1B

trate

1/6 ce. por kilogrem
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Effect on blood ressure - per cent fall

n-amyl glycollate

Laobutyl glycollate nitrate

nitraste 0,01M. 0.008M, 0.006M, 00,0074, 0,008#,
10.8 70 10.0 9.6 12,7
.0 5.0 10.9 Vel
8.6 3.0
Aversge G.7 6.4 10.6 Yol
Isobutyl Rating: 0.6 to 0.7
TABLE 26
Assay of lsounyl giycollate nltrate
Dog No. 82 1/12 cec. TOr killoygram
iffect on blood pressure - ner cant fall
Isoumyl glycollate Isobityl glycollute nitrate
nitrate 0.01HM, 0.003M. 0.01M,
10.9 8,9 10.1
lu.6 8.9 10.4
11 .4 14.9
10.6
Average 11.6 8.6 11.6

isobutyl Hating:
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TABLE 27

Assay of n-hexyl glycollate nitrate
Dog No. 8o 0.b cc, per kilogram

#ffect on blood presgure - 1er csnt fall

n-Hexyl glycollate * Iasobutyl glycollate nitrate

nitrate O.01lM. 0.008M. !  0.006M.

L2

Vol .0 B
768 Vel €,
7.4 7
7.0 5.

b‘

isobutyl Rating: 0.6

TARLE 28

Assay of n-hertvl glycollate nitrate
Doy No. 81 1/8 ce. per kilogram

gffect on blood pressure - per cent fall
n-tHeptyl glycollate 5 Isobutyl glycollate nitrate

nitrate 0.,01H. : 0.01M,

27 o 4 350 .6

29 .8 20.2

27 7 26,7

Averaye 28 .9 28.3

B R B W D e e P Tt A B B8 Be Gw G e G P we WG W GV W G G WP S G e BN S S e B8

isohutyl Rating: 1.0
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TaBLE 29

Assay of n-octyl glycollate nitrate
Dog No. 8l 1/8 eec. per kilogram

effect on blood pressure - per cent fall

n-0ctyl glycollate isobutyl glycollete nitrsate
nitrate 0.01M, 0.006M, 0.007¥8, O0.01lM,
10.5 10.6 11.9 16.0
10.6 13 11.7
15.9 159
14.5 11.0

Isobutyl Rating: 0.6 to 0.7




