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IZTROLUCTIOR

Host stsndurd phermscology btext books (Bastedo 1938, Cushmy 1940,
Belwigan 1940, Zolis-Cohen znd CGithens 1928, Sollmsnm 1937) tssch that
nitrites effect a fzll in blood pressurs hy lesssening the toans of arter-
isl masele, which in turn ecsuses peripheral vusodilatation, ilmo, it is
generally steted that the nitrutes are comverted inte nitrite boefore
they act ag "hypotensive® agents In the body. Ome recent text on the
general subject by Goodman znd Gilmam (1941), hewever, does state that
nitrites aot on the srierisles, capilliariss snd venmles, but thot the
effect l2 more marked on the postertericlar vascular bed.

Recent yesars have wilnessed & renewed interest in the pharmacology
of nitrites. York has been reported which plaeges in controversy several
of the heretofors-sccepted views azbout this subjeet., Krantz, Carr and
coworkers (1839, 1840) have presented data which tend to show that the
wsetlon of erythritol tetranitrate, glyceryl trinitraste snd msonitol hex-
anitrate in reducing the blood pressure of dogs i3 not dependsat upon
hydrelysis snd nitrite formation, but rather on the wmhydrolyszed molescule,

Others (Filkins ot =1l. 1927, 2tezd et sl. 1929, Chaszis =t al. 1237,
Smith et al. 1258) contend thet the action of nitrites iz cbizfly om the
venous rether than on the srterlsl system, Yelse and ¥ilkins {(1927) be-
lisve that sodium nitrite may cause arteriolszr constriction and that the
f2l1l in blood przssure produced by this drug is due to the reduction in
venous tone, snd as & conseguencs, to the pooling of bleod in ths peri-
pheral veins. The changes produced by nitrite involve, bhey state, the
vagculsr bed psriphsral to the artsrioles, i.s., eaplilleries, vsnules
snd veins (¥ilkine ot sl. 1937). The artericlar comstrictiom results

sacondary te ths reduetion of arterizl pressurs, through the carotid



ginue mechaniem. FBarlier resesrceh (Burton-Opitz and ¥olf 1910, Capps
and Matthews 1813) also showed that nitrites produce & fall in venous
pressure whieh 1z sttributable to diresct influence on the venomotor
mechanisn. It has been reported that even when circulstery collapse
ocecurs from susceptibility to nitrites or from coverdosage, postarter-
iolar rather then sriteriolar dilatetion is the esuse. The srterioles
may be consztricted due to compensztory vesomotor reflexes (Wilkins

at al. 19%8).

inother interesting point sbout the acticn of nitrites has been
reported by Chasie, ot sl. (1938) »ho found no svidence of rensl
participsation in the vaeomotor responges induced by zodium nitrite.

He and hisz coworkers found thet after sdainistratien of 18 milligrams
of sodium nitrits per kilogram per minute latravenously, the blood
presgure was reduced, but no circulatory disturbances occcurred when the
subject was in the recumbent position. When the sabject wis raleed to
45 degrees, the blood pressure dropoed te & level of 66 millimsters
syetolic and 44 millimetery disstolie, and signs of cireculstory insde-
gquaey appesared.

Finslly, that nitrites are capable of reducing the blood pressure
in therspeutic or safe doses hes becn contested. OGrollmer, Harrison
spd ¥illiems (1940) have stated that sodium nitrite zand erythrol tetrs-
nitrate do not lower the bloed preasure in umanesthetized hypertensive
rats, and thet the clinicsl velwe of these snd related substances is
thus cuestionsble. They maintain that such drugs advocated in the pust
68 sffective sgents in reduecing the blood pressurs probably induce &
significent depression of blood pressure only when wsed inm toxle doses,

The wview that these substapnces effeetively lower blood pressure is
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buged, according to theze authors, upon early sudariments psesrforzed on

man or upen the wsunl affectz obssrved in experimental sncgthetized
sninals. They pelint out in the case of the snesthetized aniwal the

bloed pressure decline is Jrobably conditioned by a failure of the heart
to respond das to z disordersd giate of the cireulstion induced by the
anesthetic. These investigators administered sodium nltrite snd srythrel
tetranitrate in dosgea of (.1 grem snd 30 milligrams, reapectively, per

rat per dmy, amized with the znimal's food. It ig well rscognized that

the action of nitrites iz cemprratively short-lesting =znd 1t is qulte
poesible that sny deteactable effects of the drugs may have worm off during
the tisme congumed in preparing the animsl orier to taking its blocd praess-—
ure, BResides, with the dosss employed only wery amall zmomts of the drug
were ingeated st any given tlme, peorbsps too little to =ffsct any appre-
ciable reduction in bloed sressure.

In the normel humun subjeet, alse, investligations have attempted o
show that smyl nitrite (Lisdhord 1918) or sodium nitrite (Czisboek and Joriseh
1927) do net soprecisbly lewer the blood pressure when adm nistersd in ther~
apeutiec doses. In this connsetion, Kzoentkowskl (1809) demonstrated that
fluzhing of the skin eof the hexd and neeck may occur after aduminiastrstion of
nitrits in doses whlch csuse no fzll in blood pressure. He suggested thet
the vessels in this arse of the skin sr~ most susceostlible to these drugs.
Cthers contend thot smyl nitrite scts orimarily uoon the csrebrsl vessslge-
more £o tham the othsr anitrites (Norris, Bazett, and Ye¥illan 1927).

#ost of the lLitersadure sapports the view that nitrite acts, in vitre,
to relax smooth musele without refsrenes te inomarvation. Howevsr, Hacht
{(1814) =nd Love, HeGulgsn, and Piley (1928) found thet nitrits ceussd

eontraction of the oxelged pulmonary sriery.



A search into the literature hes revealed that very little, if
enything, is known concerning the normal physiologlesl significance of
the nitrite lon, i.e. whether or not the nitrite ion exiets sze such in
the circulation and if it does, what role it plays and what factors ine
fluence its concentration in the blood.

Studies by several investigators indlicste that the nitrite ion does
exist normally in blood. 8tieglits snd Palmer (1934, 1937) determined
its presence in the bloocd of normal human subjects but obtained consistently
negative results when dog and rebblt blood was analyzed. These observers
frequently noted the absence of nitrite in human blood during the warm
monthe of the year. They reported an aversge concentration of 1:100,000,000
for 26 subjects during the cool months.

in error in the mathematical treatment of thelr date was discovered
and reported to the authors by this department. BSBtieglitz hss sgreed
that their values require correction (1941). By their method of preper-
ing a sodium nitrite standard for comperison, Stisglitz and Pelmer (1974)
made & 131100 dilution of & stock zolution containing 0.02 gram of sodium
nitrite per liter, They stated that the final dllution contazined 0.00114
milligram nitrite per 100 cc. wheress the latter figure should have been
0.01, & ten-fold error. Furthermore, in their caloulation of the guen-
tity of bleood nitrite from colorimetric readings a dilution fasctor was
neglected, Since a dilution of 134 was made of blood by their method during
the process of precipitating the proteina, & dilution factor of 4 should
have been employed, (instead of the figure 0.5, which they used).

Extensive analyses for nitrite in normal blocd have not, therefore,
been heretofore reported. Before this and other phases of the problem

could be studlied, however, &n efficlent method for the quantitative deter-



mination of nitrite in blood had to be devised,

In summary, the more recent pharmacologicsl research has rsised
the following gqueriess How can the nitrite level in blood be readily
determined? To what extent does nitrite exiet in blood and what factors
influence its concentration? What is the physloleogical role of the ni-
trite ¢ireculsting normally in blood? Are the nitrates which ars employed
for reduecing blood pressure converted in the body to nitrite before they
are cepable of performing this function? Aifter administration of nitrite,
is the blood pressure dependent upon the level of nitrite in the circu-
lating blood, i.e., i8 there a ¢orrelation between the blood nitrite con~
centration and bleod pressure? Are nitrites effective at s8ll in lowering
the blood pressure in unanesthetized animals? The purpose of this ine
vestigation iz % shed light uwpon these and other questions which up to

the present renmain unanswered.



KETHOD FOR QUANTITATIVE ANALYSIS OF BLOOD HITRITE

The msthod, in order to be successfully applicable for this study,
should comply with the following reguirements: (1) it hes to be suffi-
clently sensitive for detacting extremsly xinute asmounts of nitrite,
(2) the methed itself must not destroy nitrite and (3) it should be
capable of deteramining nitrite im blood.

Btieglitz and Palmer (193%4) developed 2 colorimetric test for
blood nitrite, employing s-nephthylsmine and the disodiuvm sult of b~
naphthylamine-8, S~disulfonic aecid (Yumino C" acid), which they claimed
to be more sensitive and more scourate than the Ilosvay reaction (1888).
The methnod of Stieglitz and Palmer, us studied in this laboratory, was
found no zore sensitive than ths Ilosvay reaction for nitrite. Aceord-
ing to these investigstors, the minismum concentration whieh yields &
positive color with the Ilosvay resction is 0.0001 gram of nitrite per
iiter, or ons= pert in 10 million. Using thelr own method they state
that & detectable eolor ls noted with 0.000008 gram per liter, or one
part in 250 million. Richardson and Hollings (1803), using sulfanilie
acid and s-naphthylsmine, were sble to =stimate the color produced by
a8 1littlz =8 1 ce. of & solution containing 1 part of anitrite per 10
million. They employsd s Lovibond tintometer for compurison. Treandwell
(1938) and Snell (1938), in 2ddition, states the Ilosvay methed to be
sensitive up to one part per billion. This finding hus been confirmed
in thieg luborstory. Ey = slight modification of the Ilosvay srocedure
{to be deseribed presently) s higher sensitivity has been attained.

Stieglitz end Palmer claim that "The color of the Ilosvay reaction

fades so rapidly that a fresh stondsrd must be prepsred for euch



determination _ _ _". In the first sluce, no fading was noted in this

laboratery until after hours of stending. Sanell (19%8) states that
the color produeced by the Ilosvay method ig relisble for 30 to 45
minutes. Secondly, & fresh standard or stunderds ghould be prepered
for caeh determination, znd in exsetly the same nanner az the sample
to insurs soccurste results.

Criticism of the mathemstieal trostment whieh SBtisglits and
Palmer gave to their deta hes been previcusly made. Stleglits (1941)
hag zgreed that en error does exist. Seversl criticlsms of their own
method, u#s described in thelr papor (1954), follow:

(1) The standerd color for compsrison was not srepared
in the sane nanner a8 the blood filtrate; l.s., the
protein preciplitating resgents, zine sulfsate and
sodium hydroxide, were added to the sample of bloed
but not tec the standard solution. These chemicals
inpart & eolor shade differsat from that produced
by & reoaction in their sbeencs, making smatching
difficult as well as inaccurate in the ordinary
colorimeter.

{2) Theses suthors used one standard nitrite solution for
the purpese of comparison. In view of the typlesl
colorimetric resdings «s reported in their paper,
standards of more suiteble concentration should have
bean ased for more accurate results, i.e., the lesvels
of the two plungers of the colorimeter wers too far
apart.

(%) Their employmont of silver mnitrite in the preparation



of nitrite standurd solutions is open to criticisa.
In the light of recent svidence, (Reindollar 1940)
its ass 1s likely to impelr the sccuracy of resulis.
This point will be further discusssd prosently.

{(4) The s~paphthylumine solution in the high concentra—
tion (0.1 gram in 20 ce. of digtilled water) sug-
gosted by Stieglits and Pulmer is difficultly pro-
pered, is extrauwely unateble, and turas pink and
clowded within & short time.

(5) The “amino G" aecid solution is made with too indef-
inite 2 final concentration, the authers stating
that ¥ _ _ sbout one small drop of the commercial
£2.68 per cent solution of the_éiﬁoéiuﬁ sult of
smine~0 ueid 1s added to 50 ce. of pure distilled
water, ylelding & psle opaleseent selution.® Under
such conditions it is conceivebls thet this reagent
may yisld inconsistent results.

A meodification of the Ilosvay rsaaction proved sufficlently sensi-
tive for our purposes and capsble of being more efficiently exsouted.
Ten cublc ecentimeters of a nitrite solution containing 0.1 gamms per
100 ce. (1 part per billion) gives, by this method, & definitely de-
tectables color rzoction. Treadwell (1955), in contrzdistinction to
the report of Stisglitz and Palmer (1934), found the Ilosvay tost
sensitive to one part nitrite per billion, using 80 cc., of z nitrite

solution containing 0.00L milligrzse per liter,



Principles of the Method - Sulfenilic acid znd s-naphthylamine are om—

ployad, which 1n the pressnce of nitrous aeld, react to groduce =
violet azo dye. In the processg the sulfanilie seld is converted by
the nitrous seld into the correspoading diazoe compoumnd snd the latter
reacts with dhe s-naphbhylanine o form s-naphthylemine-p-srobonsensw

p-sulfonic aeld or 4-(p-ssobenzene sulfonic scid)-l-nsphthylsmine,

He

e

+- HIC,, _—
“
nitreous

G-nephthylamine

The deteils of the method are described under five headingst (4)

Preparation of Protein—fres Blood Filtrate, (B) Production of Color Re

H

action, (C) Preparation of Standards for Comparison, () Colerinmstric
Beading, uwnd {F) Preocautions.

{(2) Preparstion of Protein-fres E}ood Filtrate*~ Sinece the altrite iom

iz unstable in strongly =seid medis, the method of removing the blood

proteing must not be assceiated #ith 2 low pH, Sowmogyi (1830) devised
% satisfactory means for mecomplisbing thies end wsing zince sulfste snd
sodiwm hydroxide. The high dilution, howmsver, of bleod resulting after

addition of the reagents in the conecentrations prescribed by hin is up~

“Supernatent fluid is to be understood wherever this term is used.



desirabls since the nitrite ion 1is preasent in extremsly minute amounts
in normal blood. The modified methed of Stieglits snd Palmer {1974)
wes smployed.

By this method, one volume of blood 1s thoroughly mixed with teo
and & half volumes of 4.5 par cent zlne sulfats golution in zp Erlenmeyer
flesk. One-half veluwe of 1 ¥ sedium hydroxide iz sdded and the mixtars
sgain sheken, Centrifugstion for approximaztsly fifteen minubtes at o
gpead of 3,000 r.p.n. produces a clear filtrate., If immediately after
blood 1s withdrszwn from & blood vessel it ls plaeced in the flask con-
taining the szine salfsde, no speeisl mnticospgulant need be employed
since the zine sulfate zgerves this purpose.

For most of the anszlyssz on normsl blood, 10 ce. samples wers
studisd which ylelded 20 cc. of Filirate (equivalent to 5 ce. whole
blood}. In those sxperiments where nitrite wes injected, only 3 or
4 ec. of blood was esaployed and 1L or £ cc. of the filtrate oroved suf-
ficient for snaslysisz.

(B} Production of Color Reuetion - 4 definite quantity of the clsar,

protein~-fres filtrate 18 placed in o tall 50 eo. Hessler tube contain~
ing 2 ce. of zach dlazotization reagent, a—n&@hthylaminsi and suifanilie
zeid®. The Messler tube is then placad in & beaksr of water smaintained
at 75-85° C. and allowed to remain for 10 minutes. The tubes containing
the standards for coampzrigon ars preparsd in oxactly the same manner,

Lee, & guantity of filtrste oxactly the same s that obizined from bleed

iz employed, suech filirste being obtained by mixing sm scusl amount of

la—naphthylﬁmine solution is prapared by placing 100 zilligrams of
the bage (Fastrsn Kodsk Co., H.Y.) in boiling 5 N sectic scid. Store in
tightly stoppored glags container,

Sulfanilic ascid solubion is prepsred by disselving 0.8 gram 1a 150
cee of bolling 5 ¥ zestic zeld.



11

stendard solution, in plses of bloed, with zinc sulfsate and sodium
nydroxide.

{C) Proparations of Standurds for Compsrison - Hitrite stsndards in the

paszt have been prepared from silver uitrite by intersection with scodium
ehloride (Treadwsll 1835, Yason and Puswell 1831, Zmeriean Public Health
4Lssoelztion 13%6). The resson given for this proeedurs wuz based on
the questioasble purlty snd dsliguescent naturs of the then-available
sodium nitrite. Reindollar (1840), however, has recently demonstrated
that sodium nitrite of high quslity msy be readily secured and may
serve ag the orimary standard in aitrite snelysis. Purthermors, he
points out, the use of zsilver nitrite in the preparation of nitrits
stendsrds antails definite difficulties which are likely to impsir the
accurscy. IThis salt is somewhsat photosensitive, deteriorates slightly
with age, snd nuy bscome umreliabls ss & standard, It diassclvss slowly
and with difficulty. Sodium nitrite, on the other hand, is relatively
inexponsive and solutions of it can be guickly srepared fresh az often
as requlired. In this manner the problem of deterieration arising from
the use of an old nitrite sclution is obviated,

Yarek's reagent grade grenular sodium nitrite (9%.4 por cent) was
eaployed in this laborstory. ALfter msking due allowanece for the alight
smount of impurity, s sbtoek solution ess praparesd containing 1.0 milli-
gram of the nitrite lon per 1.509 ce. of solution by dissolving 1.0
gram of sodium nitrite (92.4 per coent) in 1000 ce. of nitrite-fres
water, From thls stock solution succezsive dilutions were made to ob-
tain the necessary stendurds for comparison. HNe deteriorztion of the

gtock selution could be detected after standing two wesks, but in erder



to insurs constant results it mas prepured frezsh caeh week and the
various dilutions serving ss standsrds were made daily, When analysing
for nitrite in normal blood (animals or subjects receiving no nitrite
aduinistration), 8 standards were used, runging in concentration from
0.5 to 15 gamma of nitrite per 100 cec.

apalyzing smell quantities (5-10 ce.)

of solutions econtaining nitrite concentraztions of less than 1 pasrt per
10,000,000, colors are produced which are too Taint for matehing in
the ordinary colorimeter. Tall 50 ec. Hessler tubes snd o Hesalerimesterl
werse uzad for this purpose and provided s method whieh 1s rapld, conven-
fient snd sceourate, Chances of conteminstion by thisz precedurs sre min-
imized becsuze the solution containing the nitrite lon can be mixed with
the azo dye reagents in one Nessler tubs, the nixture then heated in &
water bath, snd the eolor se developed compured with standards solutions
~— without transfsrring to any other econtainer. iz meny standerds of
verying concentrations can be employed as are necassgary mad plseced inm
the Hesslarimeter {or matching colors.

Colorimetric natehing, by means ¢f the Hessleriseter, was msds
on samplesz of normal bleod., When the concentration of nltrite is more

than 15 gamss per 100 ce. the ordlinary colorimeter with 50 millimeter

lthe Nesslerimeter (Fisher Scientific Company, Pittsburgh, P=.)
congists of s bmse with a housing containing 2 daylight blus lamp for
illuminating sith egual intensity both zumplesz being compsrsd. & sup-
port has holders for ten Nessler tubes which can be ewploysd for con-
taining standard solutions of gradusting concentrstions. Each tube is
shieldsd frozm exbrancous light. Light beams snter the bottomn of the
Hassler tubes, pass through both the liguid being examined and the stand-
srd, then amerge and &re observed in juxtaposition in the eyenlees of the
instrament sfter sncountering ¢ mirror and lens sysztsa. Tha Ressler tubesz
sre wniform and have glase bottoms of egual thickness., The colwmns of
liguid in the tubes were ususlly 123 cms. high. The supvort of the Ness-
lerimeter can be rotated for obtaining the color mateh.
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cups iz sulteble. In the latter case, fewer ztandurds of vurying com-
centration need be employed.

By the method herein deseribed, resdings were reproducibls when
analyses wore made on 10 samples of bloed withdrawn from & single pool
of blood.

(E) Precsutions - Great care must be exercised against contamination
with nitrites from various sources. The nitrits io0 exists in the alr
of any laboratory where concentrsted nitric scid is smployed, and un-
covered glasswmare may be readily contaminated., In faet, sxhalstion of
the smoke sfter puffing a2 cigaratte liberates sufficlent nitrite to
produacs a2 color resction shen collected in & test tube contzining the
dlazotizing reagents., Therefores, z2ll apparstusz must he clesned with
eloaning solution followed by careful rinmsings with distilled (nitrite-
free) water lmaedistsely orior to usa., Fresh-distilled wader, tested
for frzedom of nitride, was assd for the oraparation of rsugeabs and
golutions, as well azs for rinsing. Top water conbtaine s relatively high
nitrite conecentration and is hence dafinlitely unsultable for this work.
Blanks should bs simultencously tested for contamination.

¥ltrite-fres water can be prepsred by distlliling watesr over u
mizture of potassium permanganate and potussium hydroxide (80 cc. of &
mixture sontaining § per cent potassium pormenganete and 356 per esnt
ootagsiug hydroxide diluted up to & liter with distilled watery the
distillate collacted in the ususl assaner). Fregh-distilled water, ns

gtated previously, is suitable,
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DETERHINATIORN OF HITRITE IN THE BLOOD OF THE DOG, STEER, MONKRY, AND MAK

By the method described in the foregoing pages for determining minute
quantities of nitrite, the blood of various specles of snimels was analyzed,
TABLES I, II, III and IV present the results of this investigetion for the
dog, cow, rhesus monkey, end man, respectively.

For 69 dogs, the average nitrite level in the blood obtainsd elther
from the external jugular vein or femoral srtery was 9.5 gamma, plus or
minus & standard error of (.38, psr 100 ce. of blooed,

The blood eof the gtﬁar, collected from the jJugular vein st the time
of slasughter, contained an sversge 9.4 gamms of nitrite per 100 ce. for §
steer with a standard error of 1l.25 gamma,

Fourteen monkeys from which samples of blood were obtained from the
ventricles of the heart had a nitrite concentration averaging 11 gasmma
per 100 ce. plus or minus & stendard error of 0.56.

A study of & series of 170 human subjeectlg revealed an sversage of 2.48
gemna of nitrite plus or minus a standerd error of 0.47 per 100 ce. of
blood withdrawn from the antecublitsl vein, These individusls were patients
hospitalized for traumstic injurles, operative treatment ete. Both sexes,
white and eolored rsces, all age levels and various bloodepregsure levels
were represented in this series of individusls. The records of these
seme subjects will serve 28 & besis for further statisticsl analysis in
the following section of the thesis,

On the basis of these resulte 1t appears that nitrite 1s present
noermelly in the blood éf the dog, steer, monkey, and man, snd it exists in
approximastely the same detecteble concentration in ell these species,

namely 10 gamma per 100 ce. of blood, or ome part in ten millien.



15

Supporting the findings of Krantsz, Carr and coworkers {1938), it
wea found that the blood of dog contains nitrite. These investigators
did not determine the exact quentity of nitrite in bloed in variocus
species. They were interested in learning the relative incresse in nitrite
concentration after drug administration to dogs. Stieglits and Palmer
{1937) were unable to reveal the presence of nitrite in the blood of the
dogs Also, these investigators reported that humsn blood frequently cone
tains no nitrite in warm weather. It i3 to be noted that 80 per cent of
the series of human subjects presented in TABLE IV was obtasined during
the summer months in Baltimore, Maryland.

Whether this detectable quantity of blood nitrite represents all
of nitrite present in blood is as yet unknown. Stisglitz and Pelmer (1937)
have repcrted that proteln decreases the amount of nitrite which can be
measured, and that the grester amount of protein present, the greater de-

ereage in messursble nitrite,



TABLE I

BLOOD BITRITE CONCENTRATION IR DOGB

Dog Number Nitrite in Gamma Dog Rumber HNitrite in Cemne
per 100 cc. Blood per 100 ce. Blood

11 4 54 10
22 4 55 10
él 4 58 10
18 5 40 10
25 & 45 10
24 8 54 ic
29 & 68 10
30 & 83 10
5€ 8 é4 10
é2 1 65 10
66 ] &9 10
B7 & 47 il
58 8 49 11
28 7 50 11
55 7 52 11
9 7 1 12
80 7 4 12
5 8 7 12
18 8 8 12
17 8 9 12
20 8 13 12
25 8 21 12
26 8 38 12
-3} 8 42 12
b3 8 43 12
41 8 44 12
16 9 48 12
87 9 48 12
2 10 ] 14
5 10 10 15
8 10 37 15
14 10 El 15
18 10 58 18
32 10 12 18

Total Bumber of Dogs €9
Hean 9.8
Standard Deviation 5.2
Standard Error 0.59



TABLE II

BIOOD NITRITE CONCENTRATION IN THE STEER

Steer Number

L S T - I -

Hesn
Standard Devistion

Btandard Error

9.4
2.6
1.28

Kitrite 4in Comzma
per 100 cc. Whole Blood

is
10
10
7
4

17
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TABLE IV

BLOOD NWITRITE CONCERTRATION IR HAN

Sex~Color bge Ritrite in Gamma Blood Pulse
per 100 cc. Blood Presaure Presgure
MC 76 0.5 150/94 56
W 81 0.5 180/90 80
¥ 91 0.5 204/100 104
¥ £5 0.5 190/105 8%
uw 41 0.5 180/105 75
uw 80 0.5 180/105 75
ki 5% 0.5 150/100 50
i 43 0.5 250/120 110
A 84 0.5 120/140 EO
el 54 0.5 160/90 70
Y 60 0.8 210/110 100
W 65 0.6 210/110 100
ot 72 0.7 £00/100 100
W 75 1.0 164/986 68
okl 78 1.0 1.60/90 70
Mw 78 1.0 150/80 60
W 71 1.0 150/80 70
o 72 1.0 250/110 120
He 50 1.0 205/110 95
B 55 1.0 200/100 100
FC 66 1.0 190/110 80
3 78 1.0 174/108 69
P 56 1.0 2p2/148 74
MW 80 1.0 118/175 40
M0 55 1.0 116/70 46
BT 51 1.0 96/60 56
¥y 40 1,0 140/80 60
aW 57 1.0 120/80 40
¥C 28 1.0 1258/80 45
MW 71 1.5 170/80 80
W 67 1,5 180/50 20
¥R 68 1.5 200/100 100
FC €5 2.0 230/110 120
C 59 2.0 140/120 20
A 54 2.0 1€0/100 80
FC 21 2.0 130/80 50
] 41 2.5 1%50/60 70
i 9 5,0 140/70 70
% BT 3.0 1260/60 €0
uY 29 2.0 120/70 50
FH 16 3.0 120/78 42
s 30 5.0 130/70 60



TABLE IV (Continued)

Bex-Color hge Hitrite in Gamna Blood Pulse
per 100 cc. Blood Pressure Pressure
FH 21 5.0 112/60 B2
it 49 5.0 118/70 45
7 40 3.0 140/80 €0
FC 29 3.0 130/80 40
MW 63 5,0 120/80 40
i B7 5.0 120/80 40
W z .0 £00/858 115
Fo €3 2.0 165/80 B85
FH 46 5.0 160/80 80
¥ 61 5,0 150/84 &
e 24 2.0 190/120 70
1 43 5.0 150/100 50
WE 57 3.0 170/110 60
FC 54 5.0 155/100 55
ix 71 5.0 180/120 60
Wy 70 5.0 180/120 70
W 25 5.0 120/80 £0
Wy 25 5.0 180/70 80
uw 58 5.0 118/88 30
¥C 26 540 120/90 20
3 42 5.0 130/80 50
¥C 3% 8.0 124/76 48
HC 41 8.0 145/100 48
FC 52 8.0 125/95% 20
50 52 7.0 150/58 70
LA 54 7.0 180/90 100
it A5 7.0 148/90 85
MH 87 7.0 145/95 80
53 50 7.0 185/100 85
¥C 51 7.0 175/135% 40
FC 20 7.0 140/100 40
FC %9 7.0 120/70 50
FC 23 7.0 120/70 50
v 74 7.0 130/65 65
it 51 7.0 1%0/70 80
Fr 11 7«0 120/80 40
MC 68 7.0 120/84 46
e 76 7.5 160/100 60
%G 58 8.0 140/90 50
FC B4 9.0 185/78 80
FG 71 3.0 110/60 50
FC 48 8.0 188/100 85
FC 32 9.0 135/95 40
FC 62 10,0 180/80 70



Sex-Color

MO
FC
FC
HC
¥C
i
¥t
b
wW
W
it
uE
FC
Fit
HO
HC
FC
FC
FE
P
jad
FC
P
b
L
W
FH
MW
¥C
¥C

W
FC
FC
FC
FC
Be

FC
Mo
b
HMe
b |
uw
FR

Age

80
56
65
62

78
13
22
20
i
54
27
87
82
85
70
b4
83
82
71

x
Z1

55
18
59
38
28
12

49
27
2E
58
&8
o4
€0

%9
83
71
52
68
58
40

TABLE IV {Continued)

Nitrite in Gemna
per 100 cec. Blood

10.0
10.0
10.0
10.0
10.0
10.0
10,0
10.0
10.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11.0
11,0
12.0
1%.0
12.0
12,0
12.0
12,0
12.0
12.0
1%2.5
13.0
13,0
13.0
18.0
13.0
13.0
1%.0
13.0
13.0

&.0
14.0
14.0
14.0
14.0
14,0
14.0
14.0

Blood
Pressure

152/84
210/110
180/100
140/100
165/108
200/120
126/78
114/90
120/80
120/80
140/80
160/90
150/30
150/80
145/95
228/110
155/90
160/100
145/100
155/95
120/98
150/1086
80/20
120/90
120/80
110/70
120/75
125/885
120/70
120/80
134/84
140/90
140/%0
180/80
170/90
170/115
150/110
180/120
215/98
150/88
150/110
140/100
118/58
90/50
1%0/70

Pulse
Pressure

68
100
20
40

80
48
24

40
&0
70
€0

&0
118

i20
62
40
40
680
40
60

2l



TABLE IV {Continued)

Bex~Color hLge Nitrite in Gamna Blood Pulse
per 100 ce, Blood Pressure Pressgure
e 32 14.0 128/76 58
g 25 14.0 128/76 52
MY 30 14.0 140/90 50
W 18 14.0 120/80 40
wy 25 14.0 110/80 30
F 25 15.0 122/60 62
¥ 89 16.0 80/60 20
N 58 15.0 140/84 5@
¥e 28 15.0 £215/180 58
uy 20 15.0 148/48 100
FH 5% 18.0 140/100 40
] 40 16.0 155/108 50
M 35 16.0 130/100 30
e S0 16.0 120/70 50
i 368 16.0 130/80 50
W 20 16.0 13G/80 L
uw ez 18.0 122/80 42
i 44 18.0 130/84 46
A 18 17.0 140/90 50
5] 2s 17.0 114/80 54
FH 20 17.0 108/68 40
FE 23 17.0 128/74 54
41 58 17.0 118/88 30
4G 84 17.0 180/110 70
By 57 17.0 200/110 20
Wy 30 17.0 145/60 85
TN 58 18,0 122/78 54
Y 26 18.0 110/60 50
i1 21 18.0 110/75 35
HY B2 18,0 130/90 40
¥ Z0 18.0 122/80 4%
b 5 19.0 116/68 50
Fo 37 20.0 124/78 46
ue 25 20,0 160/120 40
¥ 43 22,0 130/80 50
¥y 52 22.0 128/75 50
1 84 24,0 138/82 56
¥ 2 24,0 240/180 €0

7y 48 29,0 210/110 100



TABLE IV (Continued)

BLOOD NITRITE CONCERTRATION IN MAN-—--SUMMARY

Total Humber of Subjects

Hean

HMean

Mean

Nitrite in Gsmme per 100 ca. Blood
Standard Devistion
Standard Error

Systolie Blood Pressure in mm. Hg
Standard Devisation
Btandard Error

Diastolic Blood Pressure in am. Hg
8tendsrd Deviation

Stendard Frror

Mean

Hean

Pulse Pressures in sa. Hg
Standard Deviation
Standard Error

Age in Years
Standard Deviation
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THE RELATIONSHI? OF THY BLOCD NITRITE LPVEL
TO BLOQD PRESIURE IN HUMAR SURIROTS

It has been demonstrated that the administration of nitrites in
proper dose is aceompznisd by & £311 In blood pressure, svanescent as
the case might be, =nd that blood normally contains aitrite, The zusstion
ag to whether the circulsting blood nitrite scte physiclogically to help
egontrol blood vressure presented itself. Is there sny difference in the
nitrite concentration in the blood of subjects with normel and high blood
prezaure? In other words, does there exiet =ome corrslation between
abnormsl erterizl tension snd the blood nitritse lavel?

TLELE V lists the nitrite levels in the blood of 281 subjects in
Croups I with syctolic blood-pressure readings below 145 millimetsers of
mercury, snd diustolic, below 95, Group II (TABLF VI) includes 8% subjects™
selected for high blood pressure, i.e. #ith resdings of 148 millimeters,
or over, for systolic and/or 95 willimaters, or over, for diastolic press-
are.

The average Plood nitrits concentration of ths individuals in Group
I waoo 10.49 gamsa of nitrite pzr 100 ece. pluz or minues i standsyd error
of 0.68, The mesn sysbtolic blood pressure of this grous weg 122 with a
standard devistion of plus or minus 12, and the disstolic pressare wss
75.8 plus or minus & stendard deviztion of 11 willimeters of msrcury.

For Groun I1 the average nitrite level was 7,49 plus or minus a
standard errvor of 0.66 gamma per 100 ce. of blood. The sverngs systolie

and dlsgtolic orecsures ware 173 plug or minus & standard deviation of

®These patients were obtalned for study from the various wards of
University Hospital and City Hoepitzls, Baltimore, Haryland.



27 and 105 plug or minue & standsrd deviastion of 18 millimeters of
mercury, respectively.

The mesn difference between the blood aitrite level of Group I and
that of Group II 1s 3 gamma which is statistically signifieent, the
standard error of the difference being 0.947.

Recalculation and comparison of the means on the basis of 140 and
85 millimeters of mercury as the hypertensive levels for systelic and
diastolic pressures, regspectively, or upon the basis of 185 and 100
millimeters of mercury &s the respective levels, ylelde & similsr gignifi-
cant difference. TABLE VII sums up the pertinent dsta for these groupings.
It should be noted that these segregsating levels do not take into account
the fact that the hypertensive level of blood pressure in elder subjects
is generslly higher than that of younger individuals,

¥When, however, the &ge facter 1s considered, i.e, that old individusls
tend normally to have higher blood pressures and young have lower blood
pressures, the difference between the mean nitrite levels of the normal
snd hypertensive groups becomes insignificant., TABLE VII shows that the
mean difference between the £ groups is only 1.4% gemma with a standard

error of that difference of 0.975. These wvalues asre based on the assumption

lThere ig no general agresment regarding a fixed blood-pressure level
which can be considered normal or abnormal. For example, White {1932)
considers the upper extreme normal limit in the adult te be 145 and 90
nillimeters of mercury for systolic and disstolie pressurss, respectively,
regerdless of age or size. Others give similar views (Morgsn 1940, Alvarez
and Stanley 1930, Norris, Bazett and McMillen 1927, Bunter 1923). Robinson
and Brucer (1989), on the basie of approximately 11,000 normal individusls,
give 140 end 80 millimeters for systolic and diastolic blood pressures,
respectively, &8 the levels segregating abnormal blood pressure groups.
In their series the average systolic blood pressure for 7,478 men rose from
118 millimeters at 35 years to about 148 millimeters at 85 yesars of sge.
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that for individunls 60 to 80 yeara of =ge & blood pressurs up to 160/85
is the extreme upper normal limit and for individusls 20 yearas of age or
below & normael limiting blood pressure of 135 for asystolie and of 85 for
¢ilagtolic pressure.

TABLE VIII lists the coefficiente of cerrelation between nitrite
level and (1) systolic Blooé prespure, (&) diastolic blood pressure, snd
(3) pulse pressurs, baged on the dats presented in TABLE IV. All of the
coefficients are low and the only one which is statisticelly significant
is that between systolic pressure end nitrite level (-0.24), This table
also shows that systolie blood pressure and age are correlated in a pose
itive and highly signiflcant manner. In sddition, the niltrite lovel of
the blood is negatively and significantly correlated with sge. TEBLE IX
shows that when subjects with normel blood pressure between the ages of
50 to 59 are compared with hypertensive subjects of the sawe uge rangs,

ne significent difference in meen nitrite is cbserved,

These authors found the coefficient of correlation between zge and systolie
pressure for men to be plus 0,14 snd thet between age snd diastolic pressure
to be plus V.22 with & probeble error of C.,0ls Yet thsy state that neither
of the correlationsz for men 12 significant, It should be noted that the
chances of such correlations arising through rendom sampling sre very small
end therefore the correlations gre statistically signifiecant., ZAnother error
in their stetistical interpretation occcurs when they treat their dats for
femeles and say ®with a standard deviation of 12,8 zmm., 1t seems safe to con-
clude thet the systolic blood pressure of this group of women, regardless

of age, ranged from 100 to 125", Plus or minus 1 standsrd devietion on the
normel curve covers only &/5 of the subjects snd therefors 100 to 125 is not
the true range. BHMore investigutors, however, have reported that higher bleood
pressures tend to occur normelly in older individuals. Saller (1928} studied
the blood pressure of 4000 sgeing persons snd reported normal pressureg of
178/9% for msle subjects 60-B7 years of age, and 186/80 for meu 68-89 years
of age. Many other investigestors have reported the same tendency for the
blood pressure to incresse with sge, although they do not usually glve hy-
pertensive levels quite so high (Richter 1855, Kechebries 183%, Thewlis

1941, Cunnon 19%8, Coben 18i8, CGeger 19%0, Asltonen 1938, Lewls 1838, Davis
1930, Riseman and Welss 1929).
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The date thus far tend ho ahgw that ths nitrlte level of the bleoed
of humsng is not closely, 4f ¢ 21ll, assooisted with abnormal srtordsl
tension. The cnafficients of sorrelxtlon (systolie, dizstolis, =nd pulse
aressure) &re low or inaignifieant, snd the mean differencs of the nitrite
lovel= betweon rormal and hypertensive groups (TEBLE VIY) 12 only eignifie
nant when age is not considered as & faotor in dividing the subjects with
norssl blood pressure from those with high blood pressure. Thie, coupled
with the feet that the coefficlents of correlstion between age and bleocd
sressure snd betwoen kge and nitrite level are higher ond significant,
leads one to suspect thaet sge may be more ¢losely relsted to the blood
nitrite lovel, Canersl inspectiom of TABLE IV reveels, in f{aset, that the
older subjzots have lowsr blood nitrite levels than younger individuals
and that older individucle meke up 2 considerzble part of the hypertensive

groug. The sge factor will be further conzidered in the next section.



BLOOL KITRITE CONCENTRATION OF
HUMAN SUBJECTS WITH HORuAL® BLOOD PRELSURE

Bubject Age Ritrite in Camms Blood
ner 100 zc, Blood Preasure

1 30 1.0 118/75
2 §5 1.0 116/70
z 51 1.0 88/80
4 40 1.0 140/80
5 57 1.0 120/80
£ 28 1.0 125/80
7 21 2.0 1%0/80
8 41 2.5 130/60
G 9 3.0 140/70
10 5 2.0 120/60
11 ¢ 3.0 120/70
12 16 2.0 120/78
13 30 5.0 1306/70
14 23 5.0 112/€0
15 4 2.0 115/70
18 40 5,0 140/80
17 28 3.0 120/90
18 83 5.0 120/80
19 %7 Z.0 120/80
20 55 5.0 120/80
i) 25 5,0 150/70
22 58 5.0 118/88
Q% 26 5.0 120/90
24 400 5.0 130/80
25 3% 6.0 1°4/76
28 58 7.0 120/70
27 ks 7.0 126/70
28 74 7.0 1%0/85
o 51 7.0 130/70
% 11 7.0 120/30
a €e 7.0 130/84
3 58 8.0 140/20
43 84 3.0 125/75
24 71 9.0 110/60
%5 18 10.0 126/78
Z6 10.0 114/80
z7 Py 10.0 120/80
%A 31 11.0 120/80
%9 54 11.0 140/80
40 13 1.0 80/70
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TiBLE V (Continued)

BLOOD RITRITE CONCERTRATION OF HUNMAN
SUBJFCTE ¥ITH NORMAL® BLOOD PRRESEURE

Subject hge Nitrite in Camma Blood
per 100 cc. Bleod Pressure
41 59 12.0 120/90
47 %6 12.0 120/20
4% 28 12.0 110/70
a4 12 12.0 20/75
45 40 2.5 125/85
46 49 15.0 120/70
47 27 13,0 120/80
48 8% 1%.0 174/84
49 58 1%.0 140/90
50 59 12.0 140/30
81 58 14.0 118/58
5Z 40 14.0 90/50
8% 40 14.0 1720/70
54 52 14.0 1e8/76
585 25 14.0 1:8/786
58 30 14.0 140/90
57 18 14,0 120/80
58 25 14.0 110/80
52 28 15.0 122/80
80 89 15.0 80/80
61 58 15.0 140/84
82 50 16,0 128/70
8% 38 16.0 130/80
84 2 18.0 170/80
85 63 16,0 122/80
€6 44 16.0 130/84
87 1 17.0 140/90
68 25 17.0 114/60
63 20 17.0 105/865
70 23 17.0 128/74
71 £8 17.0 118/88
78 58 18.0 182/78
7% 26 18.0 110/60
74 21 18.0 110/75
75 22 18.0 120/90
76 0 18.0 122/80
77 5% 18.0 116/686
78 7 £0.0 124/78
78 4% 2240 120/80
80 52 e2. 125/75
81 64 24.0 128/82

*un to 144 mm. Hg systelic and 94 am. Hg diastolie, regardl=:s of A



TABLE V (Continued)

BLOOD NITRITE CONCENTRATION OF
HUMAN SUBJECTS WITH NORMAL BLOOD PRESSURE

Total Number of Subjects

Mean

Mean

Mean

Hesan

KHean

Hitrite Level in Gamma per 100 cc. Blood

Standerd Deviation
Standard Error

Age, Yesrs
Standard Devietion

Systolie Pressure, mm. Hg
Standerd Devistion
Standard Error

Diastoliec Presgsure, mm. Hg
Standard Deviation
Standard Error

Pulse Pressure, mm. Hg
S8tandard Deviation
8tandard Frror

81

10.43
6.12
0.88

121.9
11.8
1.3

75.8
11.2
1.2

47.8
10,0
1.1

30
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TABLE VI (Continued)

BLOGD NITRITE CORCERTRATIOR OF
HUMAN SUBJECTS WITH HIGH® BLOOD PRESSURE

Age

Hitrite in Gemma
per 100 ce. Blood

7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.8
8.0
8.0
10,0
10.0
10.0
10.0
10,0
10.0
0.0
(1.0
11.0
11.0
11.0
11.0
11,0
11,0
11.0
12.0
12.0
12,0
13.0
13,0
13,0
1%.0
15.0
14,0
14.0
14.0
14.0
15.0
15,0
16.0

Blood
Pressure

150/58
190/90
145/80
145/95
188/100
175/136
140/100
180/1060
185/100
138/95
150/80
152/84
210/110
190/100
140/100
185/108
200/120
160/90
150/90
150/90
145/98%
228/110
188/90
160/100
145/100
155/95
120/98
150/105
180/80
170/80
170/118
150/110
180/120
215/85
150/88
150/110
140/100
218/180
148/48
140/100
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TABLE VI (Continued)

BLOOD NITRITE CONCEHTRATION OF
HUMAR SBUBJECTE WITH HIGH® BLOOD PHESSURE

Subject Age Ritrite in Camms Blood
per 100 cec. Blood Presgure
163 40 16.0 158/108
164 35 16.0 1%0/100
185 84 17.0 180/110
1é6 87 17.0 200/110
167 30 1740 145/60
168 25 20.0 180/120
188 42 £4.0 240/180
170 48 28.0 210/110
Totzl Humber of Subjects 89
Mesn Nitrite Level in Gamus per 100 cc. Blood T+49
Standard Devistion €.21
Stsnderd Error 0.66
Mean Age, Years E7.7
Standerd Devistion 18,2
Meen Systolic Pressure, ma. Hg 172.8
Stendard Deviation £7.0
Stendard Error 2.8
Mesn Disstolic Pressure, mn., Hg 104,5
Standard Deviation- 18.4
Stendard Error 1.9
Mesn Pulse Pressure, mz. Hg Tl.2
Standard Deviation 24.8
Stendard Error 2.6

*systolic, 145 ma. Hg or overj diastolie, 95 mm. or over, rogordloss of ogo.



TABLE VIX

STATISTICAL ANALYSIS OF DIFFERENCES OF NEAN BLOOD NITRITE
CORCENTRATION OF HORMAL AND HYPFRTENSIVE SURBJECTS
GROUPED BY VARIOUS SEGREGATIRG LEVELS

Blood No, of Heen Nitrite in Gemza Diff. Biff,
Pressure  Subjects per 100 cc. Blood S.E. of Dirff,

Segregsting level regardlesgs of age: 148 man.
eystolic znd/or 95 mm. disstolic

Hormel 81 10,49 8.%E, 0.868 8.0 Z.1
High 89 7.40 S.E, 0.66

Segregating level regerdless of aget 140 nm,
systolic snd/or 85 mm. disstolic

Kormsl 65 10.88 8.E. O
High 108 7.71 g 0

Segregeting level regerdless of sge: 155 =,
eystolic and/or 100 mm. diastolic

Normal 100 10.08 8.F. 0.54 7.68 2.7
High 7G « 25 S.E. 0.98

Bagregeting level:s 60 years or over, 180 =m. systolic and/or
100 mm, dizstolicy 30 years or below, 1%5 mm. systolic aznd/or
85 mm, diestolie; &ll others, 145 mm. eystolic and/or 95 disstolic

Normsal a1 9.59 S.F. 0.64 1.4% 1.4
High 72 B8.16 Se%e 0.78
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TABLE VIII

CORRELATION BETWEEE THE (1) BLOOD NITRITE CONCENTRATION AND
BLOOD PRESSURE, (2) BLOOD NITRITE CONCERTRATION AND AGE
AND (8) BLOCD PRESSURE AND AGE IN HUMAN SUBJECTS.

Assoclation Coefficlent of r

Correlstion {r) Standsrd Error

Hitrite level and systolic blood pressure -24 3.1
Hitrite level and diastolic blood pressure - OB7 1.1
Bitrite level and pulse blood pressure R § 1.9
Hitrite lesvel and age e 31 4,0
8ystolic blood pressure and age plus .384 5.0

Partisl Correlation

Coefficlent of

T,

Partial 8tandard Error
Correlation
Hitrite level and age —e 88 5.2
(blood pressure constant)
Fitrite level and systolic pressure -e1d 1.8

{(age conatant)



TABLE IX

Subjlects with normal blood presesure

hge

&&
51
40
57
41
7
30
49
40
37
58
4z
TE

e

%
[

38
51
58
1
54
59
6
40
49
&8
59
8
40
40
32

X!
Lo

58
50
56
44
&8
S8
&z

* L . - L] * »

O~ ~~I DR O ¢ SRR 8 PO b b bt et
» & & B & ¢ & 4
DO O0QOOLOLVOOCUMOUOODO

o b
-
* &
oo

12.0
12.0
12.5
13,0
13,0
12.0
14,0
14.0
14.0
14.0
14.0
18,0
16.0
18,0
16.0
17.0
18.0
18.0

Ritrite in Cemna
per 100 cc. Blood

THF BLOOD NITRITE CONCENTRATION OF SURJECTS, 3(~59 YELRS OF
AGE, WITH HORMAL# &ND HIGH BLOOD PRESSURE
(BLSEL OH DATA OF TABLE V)

&6

Subjescts with high blopd pregsurse

Age

&8
41
E3
43
54

55
&8
39
54
468
42
57
54
41
52
52
54
6
LA
48

=
L%

56
80
&7

31
58

39
&2
52
40
&8
57
30
4%

Nitrite in Gammsa
per 100 cc. Blood

7.0

740

7.0

2.0

9.0
10.0
10;0
11.0
11490
12.0
12,0
13.0
1%.0
14.0
168.0
16,0
18.0
17.0
17.0
24'0



TABLE IX (Continued)

THE BLOOD MITRITE CONCENTRATION OF SUBJECTS, 30-5¢@ YEARS OF
AGE, WITH NORKAL®* ARD HIGH BLOOD PRESSURE
(BASED ON DATA OF TABLE V & VI)

Subjects with normal blood pressure

Age Hitrite in Gamna
per 100 cc. Blood
30 18.0
L3S 19.0
27 20,0
4% 22.0
4 22,0
Totel number of cases 42
KBean Nitrite Level 10.7
Stendard Deviation 6.0
Standsrd Error 0.95

Mean Difference in Nitrite Levels
Difference/S.E. of Difference

Subjeets with high bdlood pressure

Age Nitrite in Gamre
per 100 cc. Blood
46 29,0
8
8.5
€.8
1.13
2.2
1.8

*Up to 144 mm, Hg systolic end 94 mm. Hg dizstolic.
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THE RELATIOHBHIP OF THE BLOOD NITRITE
LEVEL TO AGE IN HUMAN SUBJECTS®

It has been previously demonstrated {TABLE :x} that when subjects
with normal blood pressures are compared with hypertensive subjects in
the same age range, no significant difference in the mean nitrite con-
centraetion of the blood can be observed,

The chi square test (TABLE X) applied to the age-nitrite data for
170 subjects reveanls that significence may be attached to the difference
in blood nitrite concentration of younger (54 yeers of age or below)
and older subjects (55 years of age and over), This test gives a P bew
tween ,02 and .0l which mesnaz that in only 2 (or less) chances out of
100 ean the difference observed occur by chance,

When the subjectz are segregated into young end old and their mean
blocd nitrite levels compered (TABLE XI), the difference algo is statis~
tieslly significant. The difference of 4.2% gamma per 100 cc. between
young and old is 4.1 times the standaerd error of the difference. The
odds ageinst the occurrence of & deviation &8s much &8s 4 standard errors
is grest,

Ar. sdditionel series of 3£ aged subjects was studled with rsapect
to nitrite concentration of the blood {TABLE XII). The average age for
this new group was 73.5 years with 2 mean nitrite concentration of 5.84
gemns per 100 ce. blood (stsndard devistion 2,0 and standard error 0.38).
Witk 1 or 2 creepstlons, these subjscts hed blood pressures within normel
1imits. Hore is further indieaztion that low nitrite levels zre not necess-

rrily associsted with hiph arterial tension.

¥These subjects were obtained for study from the chronle wards of
the Baltimore City Hospitale.



The difference between the mean value (11,43) for the blood nitrite
of subjects below 40 years of age (TABLE XI) end that (B.84) of the new
group of 52 aged individuels is 5.59 gamma per 100 ce. This difference
is highly signiflcant, the difference being over 7 times grester than its
standard error, TABLE XIII summarizes the etatistical anelysis for all
subjecte belew 40 and above 80 years of age (data of TABLES XI end XIX
combined), The coefficient of correlation (r) for the emtire group of
208 subjects, calculated by the Pearson product moment method, is «0,.%8
(stendard error 0,07). Figure 1 indleates graphically in a general way
the relationship betwsen the blood nitrite and age.

The true explanation for the lowsr average nitrite level in oclder
individuals is not yet fortheouming., In the aged the blood sugar tends
to become elevated. According to Marshall (19351) the renal threshold
rises from 170-180 milligrams per cent in young adults to 200210 milli.
grums per cent in the healthy sged. Porter and Langley (1826) reported
the basal glucose level of faesting persons tends to rise wlth age. Perw
haps the diserdered carbohydrate metabolism in these individuals with
resultant ineresse in e reducing agent effects a lowered blood nitrite
level, Analysis of the blood of geveral diabetic subjects, however, re-
vesled no significant decressges in nitrite concentration.

Varicus intestinal bacteris have the property of reducing nitrates
to nitrites (3tieglitz end Palmer 1936, Zinsser end Bayne-Jones 1828),
Although there is no evidence availeble, 1t may be that the intestinal
flors necesssry for thls reduction is diminished in septusgenerisne and
octogeneriena., These nitrate-reducing bacteris, according to Stieglits

end Palmer (193%6), are more active in a semisolid medium then in a solid



mediuvm, Alvarez (1924) slsc points cut that bacteria generslly grow in

the colon where the feces are liquid enough to furnisgh a proper mesdium,
Increass of the fluidity of the colonic contents, he states, often results
in a subsequent Increase in bascterial count and drying out of the feces in
the colon is associated with & reduction in orgamisﬁa¢ Perhaps in colder ine
dividuals the state of the intestinal contents meke for & more solid medium
end & decresse in bagteria or bacterisl activity.

As will be further discussed in the following pages, the work of other
investigators has revealed that the reduction of nitretes to nitrite in the
body appears to be a part of a physiologlesal oxidationwrsduction system,
especlally prevalent in liver tissue (Bernheim and Dixon 1988), A diminue
tion in enzymetic activity of this type may occur in ageing, although such
evidence hag not yet been revealsd by investigetors interested in geriatrics.,

Finally, it sust be admitted that the older subjects selected for this
atudy were patients in the chronic wards of Baltimore City Hospitals, inati.
tutionalized in most cases beceuse of senility. The diet provided for these
individusls mey differ in certain nutritional respects from thet available

to other ageing persons,



TABLE X

CHI SQUARE TEST APPLIED TO AGE AND RITRITE LEVEL

I¥ THE BLOOD — D4TA OF TAELE IV

Ritrite Level in Observed Expected
Gemaz per 100 cc. Numbex Humber
(£,) (£)
0 ~ 5.9 Young® 30 £7.2
G1a 3% 5.8
6 =-11.9 Young 22 Z4.2
01l¢ 12 16.38
12 snd owver Young 47 9
0ld 1¢ e7

#54 yvears of sge and under

Chi Sguare 7.91
N 2
P Loge then 0F

(£,-6)"




TABLE XI

THE AGE FLCTOR: THE BLOOD NITRITE COHCENTRATICH OF
SUBJECTE THIRTY MINE YFARS OF AGE OF UHDER COMPARED
FITH THOSE SIXTY YEARS OF AGE OR OVFER

Subjects I3 yeors of age or under Subjects 60 yesrs of age or over
hge Nitrite in Gemma bge Nitrite in Gamne
per 100 ce. Blood per 100 cc. Blood
z8 1.0 78 0.5
59 2.0 81 0.8
9 2,0 91 OB
37 2.0 60 048
£9 2.0 64 0.8
18 .0 80 0.8
30 %40 85 0.6
2 Z. 72 0.7
29 Z.0 78 1.0
39 240 78 1.0
24 5.0 76 1.0
et 5.0 71 1.0
25 5.0 72 1.0
28 5.0 &6 1.0
B £.0 78 1.0
&5 7.0 71 1.5
1 7.0 67 1.5
20 7.0 63 1.8
59 7.0 65 2.0
38 7.0 73 3.0
il 7.0 €3 3.0
13 10,0 71 5.0
3% 9.0 70 5.0
i 10.0 61 3.0
20 10.0 67 7.0
1 11.0 74 740
27 11.0 66 7.0
i8 12.0 76 7.5
8 12.0 64 2.0
£8 12, 71 8.0
iz 12.0 82 10.0
21 120 90 10.0
35 132.0 5] 10.0
27 12,0 e 10,0
2E 13,0 76 10.0
58 14,0 92 11.0
32 14,0 €6 11.0

25 14.0 70 11.0



TABLE XI {Continued)

THE AGE FACTOR: THE BLOOD NITRITE CORCENTRATION OF
SUBJECTE THIRTY KIKE YEARS OF AGE OR URLER COMPARED
WITH THOSE BIXTY YEARS OF ACE OR OVER

Subjects 28 years of age or under Subjects 80 years of age or over
Age Bitrite in Gamnma Age Nitrite in Caunne
per 100 ce., Blood per 100 cc. Blood
30 14.0 6% 11.0
18 14,0 62 11.0
25 14,0 71 12,0
256 15.0 &0 13,0
26 1840 64 1%.0
20 18.0 66 %40
z6 18.0 €3 14,0
20 18,0 71 14,0
b 18,0 (5353 14,0
18 17.0 3 16,0
25 17,0 €9 18.0
20 17.0 84 17.0
23 17,0 6% .0
0 17.0 64 2440
26 18.0
21 18,0
22 18,0
0 18.0
35 18.0
25 20,0
7 20.0
Totsl number of cases 80 53
¥esn Hitrite Level 11.43 72
Standarc Deviation 5.18 5.87

Hean Diffoerence in Hitrite Levels 4,2
Differcnee/S.E. of Difference 4.1

A



TABLE XIX

THE AGE FACTORs THE BLOOD RITRITE CORCENTRATION OF
ADDITIONAL AGED SUBJECTS

Age Blood Pressure Hitrite in Gamma
per 100 ce. Blood

es 150/80 2
es 120/72 2
75 140/74 2
74 110/82 3
80 140/68 4
78 122/88 4
70 140/70 4
75 150/70 4
8l 116/78 [
77 118/865 5
78 150/90 5
782 180/100 8
79 136/70 8
08 140/80 8
79 140/82 8
79 138/74 6
75 120/70 8
73 150/80 8
87 145/98 8
70 169/100 6
87 130/78 é
72 130/70 7
73 150/70 7
88 102/60 7
8g 190/92 7
87 130/70 8
84 110/76 8
70 150/70 8
73 150/80 8
63 110/66 8
72 180/80 9
82 140/75 10

Total Humber of Subjects &2

¥ean Age in Years 75.5

Mean Hitrite Level $.8 gamma per 100 cc. blood

Standard Deviation £.0

Stendard Error .38



TABLE XIII

SUMMARY OF STATISTICAL ANALYSIS FOR THE AGE-BITRITE
RELATIONSHIP IN HUMAN BUBJECTS

Subjects below Subjects™ 60 Difference Difference
40 years of sge yeerse of age +E., of

or over pire,
Total No. Subjectsa 60 85
lisan Age 27 7%
Hean Nitrite per
100 ces. Blood 11.43 6.41 5,02 5.9
8tendard Error 0.87 0.51

*Subjects of TABLES XI snd XII combined.



Elood Nitrite in Gamma per 100 ce.
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FIGURE 1. THE RELATIONSHIP BETWEEN AGE AND BLOOD NITRITE CONCENTRATION

IN HUMAN SUBJECTS(202)



THE INFLUEHCE OF OTHER FiCTORS UPOH TRE CONCENTRATION
QF TEE BLOOD NITRITE
Fron the foregoing, ageing aoparently is associzted «ith & decresse
in the blood nitrite concentration. An investigstion to determine what
other factore influence this level wse executed.

-

Humsn Subileets. Ho difference in the blood nitrite level betwsen mele and

femule or betwesn white subjects and negroes wes noted, Incdividuesls with
soggeszed s nitrite level within the normel range. Nor weeg &n
trend in the blood nitrite concentretion obzerved with different non-protein
nitrogen levels of the blood. Petiesnts with glomerulsr nephritis znd high
NPN valuses posgesced normal or low nitrite levels., Blood withdrasm without
ztreis (no tournicuet or sressure sround the arm) wis no different from
blood obtained with stesls as regords to niltrite concentrstion.
Dogs. Vorious subsztances were either mixed with the deily food ration or
faed by stomsch tube to dogs.

1. Amino seclds. £ rezay source of the samino group and nitrogen was
sunplied in the form of gelatin #né glycine in deily doses of B0 grome and
& grems, respectively. Thess comoounds did not elgnificantly zffeect the

blood nitrite, even after feeding for 6 to 7 duys.

2., &mmonium chloride. This selt was sdeinistercd to deternm
effeect of the smmonis se well ss ths scldotie sction. In coses of 10 grrms
Geily for 10 desys snmwonium chlorlds did not alter the nitrite level., The
slight chenge in the scid-besc balance (this wae not asasured) does not
destroy nitrite, nor is nitrogen in the form of smmonic converted to nitrite,
The possibility remeins, however, thet if sueh two tendenciles cdo exist,

exch component mey countersct the other, resulting in no net effect,



3., Potassium nitrate. The convertability of inorganic nitrate to
nitrite by the body was studied in several snimels. Dailly dosez of 5 to 18
grams for § to 6 days resulted in no incresse at the end of the feeding
period. A dose of 35 grame dissolved in 60 ce. of water was sdministered
by etomach tube to 2 dogs (weighing 10 end 7.5 kilogrsme). The blood nitrite
was followed for 1, 5, 6, and 24 hours after feeding. Ho incresse in nitrite
of the blood resulted. PFurthermore, no symptoms of nitrite toxicity {choco-
late-colored blood, cysnosis, weskness, dyspnes, etc.) could Le observed.

4. Fasting. Analysis of the blood of 5 dogs fasted for 8 to 16 days
revealed no change in nitrite zs compsred with the control values.

&, Orgenic nitrates. Erythrol tetranitrate, isomannide dinitrate and
glyceryl trinitrate, glven orally in human therspeutic doses did not raise
the bleod niltrite concentration; doses s high as & grams, 1 gram snd 5§ cca,
respectively, raised the blood-nitrite level but slightly (by 6 to 10 gamma
per 100 ec.) seversl hours after feeding.

€8, 8odium nitrite. After oral doses as small as 180 milligreme, the
blood-nitrite level rose from 12 to 885 gamme per 100 c¢ec, within 40 minutes
after feeding. Two hours after administration of the drug, the nitrite level
returned to its originsl wvalue., Experiments with sodium nitrite and the or-
genic nitretes will be presented in greater detail and further discussed in
a later section of the thesis,

In summary, sttempts to alter the blood-nltrite level by several methods
in dogs met with failure., These methods included prolonged fasting end feed-
ing amino solds, ammonium chloride, potaseium nitrate. Sodium nitrite alone
readily reised the blood-nitrite level., Feeding experiments in humens were

not conducted but (aside from the ageing process) stasis, increased
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blood suger and non-protein levels, color, sex, &nd srterisl tensiocn were

not related to the nitrite concentrstion of the blood., Stieglitz and Polmer
(1937) observed thut dewtrose, in vitre, destroys nitrite and thet ne nitrite,
in contrast te the findings of the suthor, ecould be detected in the bleod of

severzl clebetic patients.

SEIGH

Beekles and Sjollems {1832) reported that 100 %o 200 grams of votassium
nitrate suddenly introduced into the rumen of an ox csused symptoms of poison-
ing and elain that 10 per eent of the nitrate administered was reduced to
nitrite in the animeal's saunch. This nitrite, aceording to these worksre,
changes the oxyhemoglobin of the blood to methemoglobin and is itselfl con-
verted to nitrate, Williems and Hines (1940) sdministered 80 grams of
potageius nitrste as & drench to sheep. Within 8 hours the enimel died and
the blood picture revealed & considerable conversion of hemoglobin to math~
emoglobin. Wore recently, Bradley and coworkers (léﬁ@) observed thet follow-
ing the feeding of & particulsr lot of oat hay containing sbhout & per cent
sotassium nitrste, cattle developed methemoglobinenle and dled. Horees and
shaen, &g well, oceasionally suffered from Roat hay® poleoning. These in-
vestigators conclude, since nitrite rather than nitrate was koown to form
methemoglobin, that the nitrate must hsve been converted to nitrite in the
digestive tract.

hs Haynard (1941) poiants out, it appeare that %ost hay polsoning® is
of most concern in the came of ruminsnte because possibly of & specisl

epnortunity for chemicsl changes orovided by thelr digsstive tracta, He
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adds that no cases have been reported in omnivora. As previously stated,
ne increase in nitrite resulted after administrstion of large doses of
nitrate to doge in this lsboratory.

Histt (1940}, however, observed thet oral asdministrstion of sodium
nitrate in compsratively emall doses to dogs caused obvlous methemoglob-
inemia., He presumes the nitrate iz converted into nitrite by intestinel
bacteris and cites the work of Keith, Whelan and Bennick (1980) and Tarr
{(19%3)., These suthors do not state, however, that administration of
nitrates resulits in the roady liberation of nitrite., The first group of
investigators gave 10 grams of smmonium nitrzte dally to patients and
animals without toxiec effects. Total doses of 660 grams were adminis-
tered during hospitsl trestment without symptoms. 4 small number of
patiente with nephritis or nephrosls developed coyencsis and methemoglob-
inemis. One case with marked retention of nitrates for several days in-
dleated that nitrates in considersble amounts may be widely distributed
throughout the body without giving rise to gross methemoglebinemis or
cyenoelis., Interestingly, & massive dose of aammonium nitrzte in one pstient
caussd a rise in blood pressure from 150/100 te 200/126 which remained
elevated for 10 deys. GQuoting from the paper by Keith end coworkers (1930),

*These observations support the view that the toxemie was ceused by
the nitrate ion%.

B systemic nltrite~like sctions did not occur, with the exception

of the rare development of methsmogloblinemia®,
"Thus, the reduction of nitrates to nitrites rarely cceurs in animslas®,
Tarr (1833) treated many patients with emrmonium nitrate. 8ix to 8

grams were administered orally per day for oesriods as long as 18 weeks. In
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only 4 patients was trensient methemoglobin observed {confirmeé spectroe
scopicslly) but the author points out that renal dysfunction wae present

in these subjecte orior to medicaticn.

CONSIDERATION OF THE POSSIBLE SOURCES AND PHYSICLOGICAL
ROLE OF THE BLOOCD NITRITE

Evidence thst the oral adminietration of large wmounts of nitrate is
followed by appreciasble rise in blood nitrite ies lecking. But this does
not preclude the possibility that nitrite 1s formed in minute guantities
during some physiclogical process invelving the tisesue nitrate (¥Whelan
(1935) h&s reported en average of 1 milligram of nitrate nitrogen is
present per gram of tissue), that it enters the circulation wherein it is
maintained st & feirly constant concentraztion. A4 survey of the litersture
has revealed a number of findings from variocus branches of blology and
chemistry which bear on this problem and which mey have not been heretofore
collected and correlated,

Various types of foods contain nitrates, Bumsrous orgenisme present
in the normal intestinsl flors are capable of reducing nitrate to nitrite;
especially B. colil and lactis-zerogenes (Zobell 1832, Stieglitz and Palmer
1936, Aubel 1937, Aubel and coworkers 1837). Some bacterisz oxidize ammonia
to nitrite (Zinsser and Bayne-Jones 1928) snd verious intestinal strsins
degtroy nitrite by converting it to nitrete {Zobell 1922 and Stieglitz and
Palmer 19%6).

A number of investigstors have found that plent enzymez convert nitreate
to nitrite. They believe that plants conteining nitretes yleld nitrites by

action of both plant and snimsal ensymes (Kestle and Rlvove 1804, Dernhelm
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and Dixon 1288).

inimal tigsues elso appsorently contasin eyetems capable of reducing
nitrates to nitrites., 8Btepanow (1902) showed thet tizsues which normally
contained no nitrite wore zble to form 1t when ground with nitrates., Thie
esme author, studying the tissuer of rabbits snd doge, found nitrite in
the white metter of the btrain, small intesmtines, medullsry substsnce of
the kidnay, lymph glands but not in the grey matier of the brasin, liver,
cortex of the kidney,muscle and blood. Stepanow doss not describe the
method used for analyzing for aitrite in blosed.

Bernheim and Dixon (1988) reported that the livers of the sheep, pig,
rebbit, deg, chicken, rst and guines pig reduce nitrates very resdily and
that the llver sppeers to be the mein sest of thle phenomenou. They
demonstrated by in vitro experimente that nitrste 18 reduced during the
process of oxidation of aldehyde, xanthine, adenine by oxidsses of liver
tiscve. The smoun? of nitrite produced per time unit in the nresence of
different substonces woa exactly parsllel to the rate of reduction of
methylene blue. In other words the nitrate readily tekes the place of
methylene blue as hydrogen acceptor in other exidation-reduction systems
(Dixon and Thurlow 1924, Bach 1911, Openheimer end Stern 1239). It is
interssting to note that Ksstle and Flvove in 1811 found that slcohols
and aldehydes also greatly accelerate the reduction of sodium nitrate by
plant extrzctes. At that time they suspected that nitrates play & vitel
role in biochemieal oxidstions and reductionsa.

Aubel (1927) believes that nitrstes sre important in the mechanism of
biologiesl oxidetione snd that they constitute under certuin processes of
dehydrogenation in cellular m@tab@liaﬁ, along with oxygen, the only

sceeptors of hydrogen. Baudlsch (A 1921) discovered that reduction of
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allkell nitrste to nitrite can be complete by irom in the sbsence of
oxygen. Nuscent hydrogen, he states, 1s not invelved becsuse iron ie
capable of drewing to iteelf the subsidiury valence of the nitrate oxygen
stom end consequently of asbstrscting sn stom of oxygen from the nitrate
molecule. Baudisch (B 18%21) slsec reported thet dextrsse and iron sre
fectores in the reductlon of tissue nitrate to nitrite.

To reecspitulste, the scource of the normal blood nitrite mey poesibly

be from the
{1) ingestion of food conteining the nitrite lon,
(2) reduction of nitraste in the intestines by bacteris or
plant enzymes,
{3) reduction of nitrate in the tissues or blood stream as
pert of sn oxldstion~rsduction system.

Apperently there i2 & continuoue liberation snd concomitsnt disap~
pesrance of nitrite from the blood stresm, resulting in s fairly constant
level of blood nitrite., DNoteworthy 1s the finding that the elevated nitrite
concentration after intravenous or oral administrztion of sodium nitrite
quickly returne to its original level in the bleood stream. It may be oxi-
dized to nitrate (Krantz, Carr and coworkers 19%8). Apsarently the kidneys
do not remove nitrite for the blsadder urinec of seversl dogs were tested for
nitrite at intervals sfter Injection of sodium pitrite with negative results,
Nitrates injected into the circulstion of dogs alse disappesr rapldly
(Crandall et =1, 1929) but here s large percentage of the nitrate is prob-

ably eliminated by the kidneys.
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THE NITRITE CORCENTRATION IN THE BLOOD AFTER ADMINISTRATION
OF S0DIUM NITRITE AND SEVERAL ORGANIC RITRATES TO IOGS

A survey of the literature has revealed that nearly sll of the
research work purporting to show that the organic nitrstes liberate ﬁitrite
tons in order to reduce blood pressure waes performed before the turn of the
present century (Atkinson 1888, Leech 189%, Bradbury 1895, Mershall 1897).
Aceurate methods for quantitative anslysis of nitrite in the blood hsd not
yet been evolved and it appears that invegtigstors based their views on
gross and spsciroescopic chenges in the blood i.e., methemoglobin formation.

Un the busis of these earlier studies most phermecology texts up to
the pressnt time have stated that the orgsnicec nitrstes depend for their
action upon hydrolyeis and the liberstion of nitrite and, hence, have ine
cluded in their discussions of "itrites® both the nitrites snd the nitretes,

Krants, Carr and coworkers {1940) have recently demonstruted that after
erythrol tetranitrate, glyceryl trinitrate snd mannitol hexmniltrate are
heated with gsodium hydroride to bring sbout hydrelysis they do not retain
depreseor activity in the dog. Isomennide dinitrate is an exception in that
1t retains this ectivity after an sttenpt is made to hydrolyze it by slkeli
treatment. In vitro experiments showed that the letter compound is refracte
ory to hydrolysis and this fact offers & possible explanation for the above
phenomene, i.e., why the depressor actlivity of isomsnnide dinitrate, tresated
by hent &né godium hydrozlde and then administered, is not diminished. The
other 5 orgenic nitrates, on the other hand, are readily hydrolyzable by tb-
same chemical meens,

As Krentz and Carr (1940) peint out in their report, there remains the

unlikely possibility of the immediate reduction of the intact nitrate



ester to the nitrite ester, the latter being responsibtle for the depressor
effect observed.
An investigation was undertaken to shed light on the following in-
terrelated problemss
A, Intravenous Administration
(1) the fste of sodium nitrite when injected into the
blood streem,
{2) the amount of detectable nitrite which must be
present in the blood before a fall in blood pressure
can obtaing
(3) a further study of the guestion as to whether the
orgenie nitrates, erythrol tetranitrate, lsomannide
dinitrate and glyceryl trinitrsie are converted into
nitrite in the body before ceusing a reduction in
blood pressure after iatravenous sdministration, and
B, Oral Administration
(1) to what extent the nitrite level of the blocd is
incressed after oral adminiztrsation of sodlum nitrite
snd the organic nitrates.
A - Intravenous Administration. Under nembutal snestheela (0.76 ce. of &
4 per cent solution per kilogrem), sodium nitrite snd the orgenic nitrstes
enmployed were administered te dogs intravenously. The bleood pressure in
the carotid artery was measured snd recorded by kymograpk in the usual
manner. Injections were mede into the cannulated saphenous or femoral
vein snd sampleg of blood were withdrawn from the exposed contrslatersl

femoral srtery. Solutions of erythrol tetranitrote, isomannide dinitrate
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tration of the drug. The total asount of blood in the dog was culculated
on the basis of 37 cc. per kilogram body weight {Meek snd Gasser 1818).
In esch case the control value for the blood before sdministration of the
drug wag subtracted from the actual nitrite level to obtain "reeovered
nitrite®,

Evidently the level of the nitrite coneentration doss not bear a
direct relationship to the blood pressure after the initial fzll has enw
sued, Even after most of the injected nitrite had disappesred from the
blood stresm the blood pressure remeined considerably below normsl. Figure
~ {llustrates graphleally the rate of disappearance of the injected nitrite
and the relationship between the nitrite and blood pressure levels.

The explanstior for the dissppesresnce of nitrite hag not yst been
definitely determined, Poesibly, the nitrite ion 1z quiekly oxidized to
nitrate (Krantz, Carr et al. 1940) in the blood stream, or perhaps it
lesaves the vascular system to enter the tissues to become converted inte
ammonia (Hsrnack, cited by Selis-Cohen &nd Githens 19288} or is removed by
the liver.

Sodium nitrite was intravenously administered to several animals
(TABLE IVI) in smell enough dossges to avoke no or little fall in blood
pressure, Under the influence of a nitrite levsl of 80 gemma per 100 ce.
of blood there weas no depressor effect (dogs numbered 55 and 38), but
when &« 5 to 7 per cent fall in blood pressure ocourred the blood nitrite con~-
centration was relatively high {several hundred gemma per 100 cc. in dogs
numbered 52, %3 and 34). A4s with higher dosages of sodium nitrite, the
detecbable nitrite after injection of smell dosages disappesred rapidly

from the blood stream even when no fall in blood przssure was observed



(TABLE ' I1). The results of the experiments with sodium nitrite tend
to bezr out the findings in human blood siundies previously reported where
no relationship betwsen the blood nitrite concentration and arterisl ten-
sion could be observed,

Orgsnic Nitrates

The effectsof injecting the orgsnic nitrstes upon the blood pressure
and nitrite concentration of the blood ere presented in TABLES -viiy +7T-,
snd - .

In concentrations of 131000, neither erythrol tetranitrate, isomannide
dinitrate nor glyceryl trinltrste incressed the blood nltrite level at the
time of average blood pressure fells of 44, 22, and 40 per cent, respectively.
In the essge of igomsnnide dinitrate, & very slight increese (2 to 5 gamma
per 100 ce. bleod) was noted ebout 17 minutes aefter injection of the drug
when the blood pressure hed risen appreciably.

Erythrol tetranitrate, in reletively high concentretion of 11100,
effected an average of 50 per cent fell in blood pressure in 4 dogs with no
incresee in blood nitrite &t the time of fall. Five minutes after in-
jection there was an average increage of $ gamme per 100 ce., but sixty
minutes after injection the nitrite level returned to its original vslue,
There were siight increases over normal (ranging from 1 to 18 gamma with
an average of 6 games per 100 cc.) at the time of 11 in blood pressure
with isomannide dinitrate and glyceryl trinitrate in 11100 concentrstions,
The highest level of nitrite in the blood efter injecting any of these or-
ganie nitretes was but & very smsll fraction of the lowest nitrite level
obaerved with a comparsble fall in blood presgsure with sodium nitrite,

Furthermore, the increase in nitrite concentration {TABLE V1 ) under



sufficiontly minute doser of sodlum nitrite to csuss no fell in blood
precssure wes eonslderubly grester then any increese In nitrite occurring
sfter injection of the organic nltrsdez with appreciable dopression of
the blood pressure,

Finslly, srythrol fetranitrate {T4BLE IVIII) and glyceryl trinitrate
{TABLE XX} in smell doses of 0.75 ec. of 1:110,000 solutions per kilo-
gram lowered the blood pressure 14 per cont und 41 per cent, respectively,
with no increcse in the blood nitrite over the contrel vzlue. In several
other dogs, not listed in these tubles, srythrol tetrinitrate and glyceryl
trinitraute in the same dosage produced a fall of over 30 per cent in blood
Prassure.,

The unlikely possibility remsined that from this smaell guantity of
organic nitrate sufficient nitrite might have been guickly liberated in
the body to effeet a hypotensive setion, i.e., be liberated and dissppesr
so quickly as to escape detection by the chemlezl analysis employsd. The
amount of nitrate (NOg) contained in 0.75 cc. of & 1310,000 selution of
either erythrol tetranitrate or glyceryl trinitrate 1ls 0.0€8 milligram.
This amount of nitrate administered per killogrem of dog could give rise
to 0,045 milligram of nitrite (W0y) per 100 eec. of blood, if 100 per cent
of the nitrate were converted. Crandell (1928), however, showed that 20
per eent of glyceryl trinitrate injected intravenously intoc dogs could be
reeovered from the blood 1 minute after administration of the drug. Hence,
if 80 per cent of the nitrsete were converted and none left the circulatory
systenr to enter the tissues, s maximum of 0.U88 milligrem of nitrite, or
58 gamma, per 100 ee. of blood might have been produced, if such rapid

hydrolysis and reduction were possible, Buch a minute smount of nitrite



in the Bloed, however, could nct possibly effect a reduetion in bleed
pressure, This is illustrated by the experimental findings with sodium
nitrite reported azbove, and also by nmathemasticel deduction. The amount
of sodiunm nitrite reoulred to theoreticeally place a concentrstion eof

28 gsmna of nitrite fom per 100 co. in the blood stream immedistely upon
injeetion i3 D.78 cc. ef a 1315,000 solution ner kilogram. This theor-
etloal doze 1s 18D tines loss than ths sctusl emount of zodium nitrite
ragulred to produce & fall in blood pressure comperable to that effected
by erythrol {etranltrate or glyceryl trinitrate in the coneentratlion under
diveussion. In fset nitrite levels of the magnitude of 38 gemes ner 100 cc.
could not be sssselated with a fall in blood sressure at all,

In summory, undar the conditions of these experinments, the organie
nitrates aszparantly do not reduce the blood dressure of dogs when asdmine
Satered intravenously by first libarating niirlte becsuse of the following
eonsidarationss

(1) no eignificant Increase in the nitrite econcentration
2f the blood over normal could be detected sfter
thair sdrinistrstion by the arnalyticsl method em-
ploysad,

(2) an f211 in blesd pressure wes observed after in-
jecticn of sodive nitrite irn emounts which reised
the nitrits level of the blood consldersbly, snd

(2) the nitrstes were capelle of depressing the bleod
pregsure whor inleected in zinute doses of Q.?ﬁ’ce.
of 1:10,00C por ¥lloyrem. From this smount e¢sn ret

be libaroted sufficient nitrite to sccoumd for the



hypotensive activity observed even if most of the

nitrete were hydrolyzed snd reduced st the time of

the fell in blood pressure,
B - Orel Administration. Sodium nitrite snd the organic nitrates employed
in the previous experiments are sdministered therapeutically to man by the
oral or sublingusl route. The possilility that some reschtion occurs within
the alimentsary tract, ensbling the liberation and sbsorption of sufficient
nitrite from the nitrastes into the clreulatory system to bring sbout the
therapeutic effeet, still remained. The following experiments were devised
to study thies problem.

Hunan therapeutic doses, as well s meseive doses, of severasl com-
pounds were given per o8 cither by stomach tube or gelatin capsule to a
peries of fasted doge., Blood samples were withdrawn from the external
jugular vein just prior to feeding the drug and st verying intervals of
time after administration.

TABLE XXI shows thxzt nitrlite in the form of the scdium sslt 1= abe
sorbed snd, in the humsn therapeutic dose, diseppesrs from the bleod streem
gbout 2 hours after oral sdministration., 2 total dose of 1.5 grams of
podium nitrite killeé & dog within 45 minutes (Dog No. 71). The blood
nitrite concentration associsted with a lethsl intravenous dose of sodium
nitrite wag found to be in seversl dogs, 2 or more nmilligrsms per 100 ce.
of blood. 4 dose of 250 milligrams (Dog No. 40) produced such symptoms
a8 laborzd bresthing, weskness, llstlessness and semiproestration approx—
imately 465 minutes after feeding. At this time the blocd nitrite level
was 280 gemne per 100 cc. Two hours later the animal appesared its normal

self zgsin.



Keither arythrol tetranitrste nor isomennide dinitrate in doses of
£ to ¥ grains appreciably increased tha blood nitrite. After large doses
of the latter drug (0.5 to 1.0 gram), the nitrite level (Doge numbered 38
end 33) inecressed sbout 30 gamea per 100 ce. £ hours after administrstion.
Based on the scute intrevenous experiments desoribed before, this concen-
tration of nitrite in the blood is spparently not sufficilent to account
for any hypotengive sctivlity. Erythrol tetranitrste even in dosage as
kigh es 3 grame (ebout 50 times greater then the human therspentic dose)
did not effect =n incresse in blood nitrite concentration,

Glyceryl trinitrate, freshly prepsred and administered in the com-
paratively huge dosge of § ce., cauged the desth of sn animal in spprox-
imetely 4 houre. HNe apprecisble increase in the nitrite concentration
of the blocd resulted,

Hotevworthy was the absence of the charsecteristic chocolste color of
methemoglobin in the blood of the doge reeceiving the nitrates, whereas
the dark brown coloration of the blood wes definitely observed even after
comperatively small oral doses of modium nitrite. Analysis for methemo—
globin was not performed in these experiments.

In summery, nelther the iIntravenous nor orsl edainistration of the
organic nitretes, erythrol tetraunitrete, lsomannide dinitrate end glyceryl
trinitrate, results in the ready liberation of the nitrite ion to the
blood, The basie for the general opinion that thess compounds yleld nitrite
in the bedy before they set to lower the blood pressure has rested chlefly
on the observation of *methemoglobin® formetion after thelr sdministrstion

{since nitrite produces mecthewmoglobin)},









































































































