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INTROTUCTION

¥

Barbiturate poisoning has become a problem of such magnitude that
it is second enly %o carbon monoxide gmmeniﬁg(l) as a toxicological
gause of death in the United States. As Goldstein(?) nas sptly pointed
out "while the trend in the United States is lower for suicides and
fatsel poisoning by 8ll solid and 1liquid poisons, suicides and fatal
poisening by barbiturates are incrsasing.®

Prior to the early 1930%s reports regarding barbituraete overdosape
were relatively inrmqnent{a }. However, with the increasing ¢linicsl

(2)

use of these drugs and the econtinual introduction of more poitent
barbitumﬁsesgl‘} s innmmersble publications regerding thelir toxicity
have appeamd{&aé).

The inereasing incidence of barbiturate overdossge as a medieal
problem has necessitsated closer attention to disgnostic and therspeutic
procedures. The development of more speeific techniques for toxlscologice
al amlysis(m} has been an impeortent factor in stimdsbing further ree
search 1n this field. Of particular importance has been the attention

pald to gaining more precise informotion as to the fate and distribute

ion of the barbituretes within the body.

The importance of Imowledge regarding the fate and distribution of
the barbiturstes within the body was clearly demonstrated to this writer
during the time he assisted in performing toxicolegleal analyses for

the Multnomeh County Coronerts Office. 4 survey of the toxicological



analyses done on this service during thé past slx-yasr period showed
that approximately one-half of all cases analysed disclosed the presge
~ence of barbiturates of | one form or another. In meny iﬁ%ancexﬁ nore
accurate informetion could have been provided had reliable dsta and
knowledge of the distribution énd time=rate of yemoval of the barblture
ates been av.aiia‘nle. It was because of these fastors and the awareness
of the inadequae:;r of infamtidn regarding this particular subject that

this study on comparative barbiturste distribution was undertaken.

A, HISTORY OF THE BARBITURATES,

The pavent compound of the barbiturate group, di-ethyl berbituric
acid (Barbital U.S.P.y 'Varonalm) ) (figure 1), was introduced inte
medical ussge in 1903 by von Mering and Fischer(20), This was followe
ed, in 1911, by Hoerlein who developed phenyl-ethyl barbituric acid
_(phembarm%al)(w ?. By further modification of the side chain 2% the
carbow five position ebihyl-l-methyl-butyl barbituric seid (pentobarbite
#l) was synthesized in 1?;16(30) o In 1921 Shonle and Einmentwi) s after
testing & 1arge group of barblturic acid derivatives concluded “ah:afé.
ethyl-isoamyl barbituric scid (smobarbitel) had clinicsl merib. Since
‘then hundreds of harbiﬁuric acid deriva'hi%s(gg} have been studied,
pany introduced for clinieal itrial, bubt only a score or so now retained
for clinical use.

Initially the barbiturates were oniy administered in oral form.

In 1927 Re Bumm introduced the first intravenous anesthetic named
Pei'mzston(m (29). This stimulated resecarch into the further

possibilities of the barbiturates as intravencus anaesthetic agents,



Figure 1

Basic structural formula for the barbituﬂe acid
mcleus, Note that in the basie nucleus substitution ocours
primarily at the Carbon mmber 5 location. Also, substitute
lon ocoasionally cccurs at Nitrogen mmber 1. The following

are the substitutions made for the barbiturates mentioned in

this reports
UsSePs_Name B Bp B3
1. Barbital He o Cgligm
2. Phenobarbital Be Gyl @
3. Pentobarbital He  Cplee c3.o2 gfte P
| 3
&
ke Amobarbital B CpHige cis g gl g2

1 ,
CHy

5, Hexobarbital CH = OH -
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Many of the early results were discouraging, for the barbiturstes then
used wore all of the long or intermediate durstion of sction type and
pave rise Lo many wwented after-effects. In 1930-31, b th Fiteh ot ol
and Lundy reintroduced pentobarbital sodiwa sz an intravenous hypnotle
(29, 30), 1 gne foxlosing year omme the discovery of Beta-imethyleS,
Stemsthylsphenyl barbiturie seid (mbamml)(” }; and with 1% the
firet satisfactory intrsvenous sgent of the berbiturste class. This
diseovery elso ushered in a new group of barbiturates, namely f.he 0=
oslled ultraeshort acting clase,

¥hile there is widespread clinieal applieation of the ultrae-short
barbiturie acid derivatives in the field of anesthesiology, these
partieulay agenbe féc net ropresent a problem $o the toxisslopist sincs
their route of asdmindstration confines them to hompital usege. Thas,
the very infrecuent death attributable to them is ususlly beosuse of
hoeppital seccoident.

Be WTHOIS OF BARBITURATE IDENTIFICATION,.
1. Early Mothods of Isolation and Identification.

During this same period of time (1903-1930), cnly one repert32)
regarding borbiturste distribation anpeared in the litersture. The
peucity of informatdon, according $o Kopoaenyd and amoﬂmn(33), wag
due to inndecuate erthode of quantitatively messuring the drug once
it nas isolated.

Several methods heve beon devised for isolstion and identificet~
ilan of barbiturie acid derivativen in biological materisl. One of the
firet wee the modified Stas-Obto prooedau(zw which used organie
solvents for separstion and a very erude colorimetric mesns of



detection. This was soon replaced with a method introduced by
EKoppanyi, Morphy and Krop(35 ) which utilized the formation of a co=-
balt eomplex with the barbiturie or thio~barbituric acid as the means
of identification., This rupresented g modification of Zwikker! $(3 é)
method of 1931, the finel result being determined colorimetrically.

However, such methods, though still béing useadu? » 38)

» have the
disadvantage of low specificity and -semi%ivity(ag’ LEQ}. It hss slso
been demonstrated by :Evemon(hl) and by Riley et Ja_wll;(hz) that "falsow
positive® reactions may ocour due to impurities present in the
biological exbracts used as the initiel somple specimen. Even with
attempte to remove such impurities, as by the applicstion of asluminum
or ch&rmaiﬁh} ) s many interfering mubstances stiil persist and
continue to give positive color reactions,

Of the many methods used at the present time, such ast 1, =
ehemieal(37"38) $ 2 » titmtion(hb’ L5) § 3¢ = xﬁray(hé'ha); he =
infra*md(w“gﬁ) 3 5e =~ paper chmmaﬁegmprw(gl“sé); and, 6, = ultra=
viclet spmt--uphommrr(g?"ég ) s the last two have gained the great=
est popularity because of their sensitiviity and specificitys
2o Use of the Ultraviolet Absorption Method,

The ultraviolet absorption characteristics of the 5,5 substitute
ed barbiturates (figure 1) have been well estsblished. This
characterisiic was first demonstrated in 1926 by MacBeth et g_:_t_(%),
and later in 1928 by Csstille and h.tpm:l(é?), and asgain in the early
1910's by Stsuckey(éa’m). However, it was not until the introduction
by HeIJmn(és ), in 1943, of s method for the identification and

quantitative estimation of the ulbrae-short acting thiopental that any



practical use had been mode of such a physical property as the
ultraviolet absorption band characteristic for the barbiturates. In
1956 Jailer and chlﬁhmm(é“) introduced a nodifieation of Hellmen's

procedure and in 1948 Goldbaﬁm{%} (%):

and Walker, Fisher, and McHugh
introdueed methods to be used for barbiturates other than the uliraw
short acting type.

Since then many modifications of the ultraviolet absorstion
method have boen introduced all of which utilize the basic character=
istic of the barbiturates. This is the ocourrence of an absorption
band in the wliraviclet spectrum with a maximum density at 240
millinicrons or 255 millimicrons in alkaline media, depending upen
whether the pH is 9.5 to 1(3.0(59) o ‘11.&(60), and a agxdmum density
at 220 millimicrons in acid m@ﬂia(éa). me(g?) has shown thai the
intensity of absorption can then be measured cuantitatively and used
to determine the concentration of barbiturate present in the semple
under investigation by utilizing the Bouguer-Beor equation (figure
2) |

(h3) has pointed out the ulitraviolet spocte

However, as Raventos
mum of all barbituric and thilobarbiturie acids, and some of their
metabolites, is identical as long as their ring structure remains
intacts Thus, althouzh the sensitivity of the method is the best now
availama(w ) s its spescificity still leaves much to be desired,.

3« Paper Chromatogrephy Methods,
In an sttempt to overcome this lack of specificity, paper

chromatographic separation was introduced by En%mﬁbss(?l) in 1946,

By this procedure he was able to remove meny of the impurities



THE ROUGUER--BIER FOUA IOH

(For determination of the concentrsbion of barbiturate present im
a sm,plé using the intensity of absorpticn as measured by ultravicled

spectrophotomebry. )

Bouger--Boey equations

e wlog 10 1/T1

ko
¢ = concenbration
Ti & transuittance (I/lo)
k @ extinction goefficient

b = the thickness of the layer of the sbsorbing sclution

Bouguer's Lew - Each layer of equal thickness absorbs sn equal fracte=

ion of the yadiant energy whieh traverses it.
Bser's Law -~ The absorptive capscity is directly proportional to the

concentration of the solute,

(Execerpt from lellon, Me Ge Analrhiéal Absorption Spectroascopye
John Weley & Son, New York, 1950,)

FIGURE 2



present in biological extracts used for analysis, and in addition was
able %o separste barbiturice and thio-barbiturie acids, An extension
of this principle was utiliszed Ly Bush, Butler, and Di&kismn(?z) in
1953 with the application of a silica column to separate metabolites
of hexobarbitsl. But with the ettempt to galn speeifieity, it was
soon discoversed that sensitivity hod to be compromised; unfortunately,
most progedures which employ chromatopraphic separation requive a
concentration of at least 50 mlcroprams before a positive resuld ean
be obtainedll3), Thus, it was not until the introduction of 8
combined paper chromatographie=uliraviolet spectrophotemeiric method
by MeBay and Alg@ri(fﬁ‘) s in 1984, that sensitivity and specificity

were combined into a one-stage procedure.

C. PHARMACOLOGICAL ASPECTS OF THE BARRITURATES.
1. Absorption of tha Barbiturates.

The major gastrolntestinal absorption, according to W@ase(m ),
occurs in the stomach. Host investigstors feel that the rectal
adninistration is far more efficient than oral, apparently since the
drug does not pass immedistely to the 1ivér(7h). This experimental
observation has been mhstén‘biatad by Werner, Pratt and Tatum' 1> ) who
showed that the oral versus mbméremm LI}gO ratio In rabbits given
sodium pentobarbital (iiem&xtal) was in the ratio of & to 1, whils the
rectal versus intravenous LDgy was only 1. to 1.

lulﬁ,ngs(%) demonstrated that it requires betwoen one and two
hours following the subcutansouns injection of amobarbital before

anesthesia was obtained in animals. However, when amobarbital was



glven by the intraperitonssl route anesthesis cecurred within
twenty to thirty mimutes. The latter time interval represented an
average sinee at any given time the individuel animal's response to a

given dosage of amobarbital varled. Page and Go:yllo:ta( )

s after
investigating the intravenous administration of amcbarbital in
animals, concluded that intravenous administiration was the best roube.
However, these workers pointed ocut that very little difference could
be demonstreted between the depth of anesthesis with either intrae
venous op intmﬁeritomal injection except for the more rapid onset
of anesthesia with intravenous sdministration.

2, Distribution of the Barbiturastes,

With the dovelopment of more specific methods for identifying
and guantitating the anount of barbiturate present in biologieal
tissue and body fluids, reports vegerding distribubtion within the
body scon followed., For example, Hayna‘rb(m} found that the blologi-
cal distribution of s drug (referring to the barbiturates) was deter-
mined by two factors. One was the capagity of the drug to permeste
the capillary and cellular membrane. The other wes rather loos:ly
referred to as & "binding” factor and included protein binding,
localization in fat end binding to other cellular elements such as
mucleic acids. Toman and Ta;vlor(79) have graphically portrayed the
general scheme of barbituric distribution within the body (figure 3),

2. Distribution of the barbiturstes in body fluids.

In man the maximum drug concentration in the blood oecurs
imediately after injection(!3s 805 81y 82)  py1yocinc o mingte
intravenous injection of & short-acting barbiturate, the rapid



Figure 3

A gensralized, schemstie diagram of the major
pathways of the distribution and exeretion of g
barbiiurate and ite metabolitet B = barbiturate
M » motabolite. Arrows indieate direction of
movenent (adapted from Toman and ?wlsr(?g )).



INTESTINE

BARBITURATE (B)

PLasma

PLASMA
PROTEIN—

m‘;

Brain

PHYSICAL STORAGE

IN

TiISSUES

(FaT, MuscLE, ETC.)

METABOLIC DispPosAL
(LIVER, ETC))

ENZYMES

~B

> METABOLITES
J

A

URINE

L




11

deeline in blood barbiturate concentration over the first twenty to
thirty minutes is assumed to represent tissue distribubion, The
second and more gradual fall represents the ra e of metaboliem
(u3, 80, 83 ). This same pattern has been observed in animals given
pentobarbital, ty Brodie et a1(® 85), Kann{®), axe1roa®?), and
Taylor et 81(%8), Further ovidence to the effect that the decline
noted in the first fifteen tc thirty nimte period following a
single parenteral injection was due simply to distribution and did
not represent metabolism was offered by Kozelka eb 3_1__(81) o Thase
workers were sble %o regover almost a1l of the administered pentoe
barbital unchanged, fifteen mimutes after intravenous administrate
ion to rats. However, in ¢ases where the pentobarbital was given
by contimious infusion, it was found that a much slower rave of
drug-~blood level deoline was noteds The slower rste so observed
was probably more ¢losely representative of the metabolic rate(%).
(1) Blood md Plasma Distribubion. '
Rnentaa(l‘” found that the sctual barbiturate concenitrat-
ion within the tissues was a function of the blood eoncentrate
ion, and that following the initial distribution pericd a direct
proportionality existed between the two concemtrations. This
observation was further substantiated w Ka}m(&s) in his work
with rats given pentobarbital tagged with C-lk. Howsver,
neither of the above authors reported the eyclis fiuctuations
in pentobarbital blood content which were observed by Anderson
and Easex(g’?) .

In Gnldbm‘ﬁcég) report on rabblis given various



12

barbiturates, including pentobarbital, it was ccneluded that the
plasma level was approximately equal 4o whole blosd content.
While Fretwarst and Voss'?) soncluded that the erythrocytes,
in cases of human poisoning, contained virtuslly no barbiturate.
Relative to some of the factors influencing barbiturate
distribution within the intravascular compartment, Rl.:im:seh{m)
and Starkenstein and Klim&ah(gz) concluded that in the case of
those barbiturates producing immediate narcosis, the lipid-
soluble free barbituric acid was relatively more abundant in the
plasma. However, anh(% ), after estimating the ratio of free
acid to sodium salt, was unable to substentiaste this finding.
Bennnoid' %) gemenstrated that binding of Bviparl™ by
plasma albumin and globulin ocgcurred during intravaseular
transportation, while Bmd:la(ss) showad that 55 per cent of
pentobarbital was bound to plasma protein. Of the seventeen
barbiturates studied by Goldbaum and Smith(95) » 3ll showed some
plasma binding, with the percentage for pentobarbital being 50
per cent. The shorter acting barbiturates were more strongly
bound than the long acting barbiturates, and such binding was
reversible and dependent upon both the eonoentration of the
albumin and of the dmg in the ultrefiltrate. Taylor et a1'?®)
farther demonstrated that the concentration of unbound drug in
the ultrafiltrate represented physiologically sctive barbiturate
since, twenty-four hours after bilsteral nephrectomy, rabbits

given barbiturates slept longor and awoke at a higher total

plasma level than controls without nephrectomy. Interestingly
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enoughy analysis of both groups showed no significant difference
in the plasma ultra-filtrate barbituraste concentration. The
importence of this last mentioned finding cannot be stressed too
muich and will be discussed in light of the present work later.
(2) Cerebrospinal Fluid Distribution,

The eongentration of barbiturate in the cerebrospinal fiuid
has besn the subject of many conflicting reporhs(m). Kozelka

(W}, using the copperwcomplex colorimetric method of

and Tatum
detection, recovered less than 0.1 milligram of barbiturate per
animal eight hours after inbravenous injection. The same
authors reported a barbiturate content of 0.2 milligrams per
semt in cerebrosploal fluld, thirty to forty-five minutes after
ingestion of phenoberbital by humans, However, Purves-Stewart
and %ﬁillc@xwa) » While reporting barbiturste concentrations as
high as 7.7 and 9,0 milligrams per cent in patients sampled
sixteon to thir%ﬁ-ﬁve hours after orsl administration of the
drugy were forced to conclude that they oould find no correlation
between dosage and amount of barbital pres nt in the cerebrospinal
fluid of the patients and animals in their series., These rosults
differ from Fretwurst and Yoss(m} who found very little change
between plasma concentration and the concentration of Earbitnnta
present in cerebrospinal fluid, On the other hand, Vagt.wg ) found
consistently less barblturate in cerebrospinal fluid than in any
part of the brain,

Racently Brodie et ;a_;(a}’*) reported that the concentration of

thiopental within the cerebrospinal fluid was 20 per cent lower



than the amount prosent in the plasma, provided a fifteen

ninute distribution intervel was allowed between injection and
sampling, Further, these workers noted that this was a linear
relationship which continues throughout the remainder of the
snimal's snesthesia, Luus(loa}, using ultree-violet spectrophotow=
matry ca a means of dotection and cuantitation, correlsted the
barbiturate congentration of the serum with the amount present

in the corebrospinal fiunid, both samples being drawn simultansousw
iye ¥rom the seventeen humans so sampled, he reported 52.9 § h.2
per cent as mmach phenobarbitsl preseat in cerebrospinal fluid ss
present in s ram. Of greater importanee was his observation that

and that in the eerebrospinal fluid were guantitatively eaquals.
be DPistribution of the barbiturates in body tissues.
That the drug is distributed throughout the body tissues as
well as body flulds af'ter introduction is a well-accepted fach
(&3' Thy 79, 83). Barbital has been recovered from gastrie and

{101) (102,

panoreatic secretions and in fetal tiscues 103) indicate

ing transportstion through seeretory tissue. FPhenobarbital has

(lﬁh}’ as have other bzarh:i%x‘atma(mf’}.

been isolated from human milk
In E"uchar's{az) report of 1925, tissue snalysis of a person dying
of barbiturate overdosage disclosed detectible drug in the kldney,
brain, liver and spleons & similar finding was reported by
Andrews and ﬁeubansr(lm) ) |

Experimental studles designed te delineaste barbiturate

distribution in the body were first introduced by Eoppanyl and
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mne(m” in 193k. However, it was not until Kezelks and his
ealiaag;;ﬁas(m’ o7) applied gravimedric amlysis to the problem that
reliable quantitative data regarding barbiturate distribution be=
came ava:i.la’ble(%) ° _

The distribution of pentobarbital has been studied by Goldbsum
(60), using rabbits, and by Brodie ot 81%5) using dogs. Since
the yesults of Brodis and his co-workers are the yardstisk by which
this writer messured his experimental results, a tebulation of
their work was included in detail (table I, figure h). Also, the
rosults of Kahn( 86) on the distribution of radicactive penitobarbit-
al in rats has been included, where appropriate, in the section
entitled "Diascussion®™,

Other reports vegarding the distribution of pentobarbital in
tissues are those of Mlle, Lineger, and Kappmicgg} 3 Koppanyi and
D!.lls(mﬁ); and Koppanyl, Linegar, and mne(m") o However, Maynert
and Van Ihhm‘) consider these yesults as unreliable due %o the
inadequacy of the methoda employed.

In another series of experiments, Brodie and his cmarkam(ua) s
using dogs, compared the tissue distribution of pentobarbital with
that of the ultrawshort acting barbituric acid derivaiives. After
waluating the results, they were unable to demonstrate any
preferential distribution for peantobarbital within the body fat,

a finding which is so charscberistie for the aldrs-short acting
barbiturie acid derimﬁivw( %’334.)' The question of the influence of
fat on pentobarbital's astion has been further studied by Stavinoha

and Da*wis(ln) who demonstrated that the sleeping time in rats fed
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TARLE I
Distribution of Pentobarbital in a Dog,

Tissue Analyzed , : Cong. of Pentobarbital
mg.?icg.
Lo  FLEBRRvessvisrosisashnresisai st sisrinsseeh el
2o Plasma wtter.....;.....-.........,........... 18.7
3. Cerebrospinal fluldesssessccsccssnssensooncss 18,2
he Rod e0)lBississcevivnortansovsnscaupsvbanbans 3640
59 N s i e c u s s s SRS S RS DS AN Blialy
Be BN sasesrcnsnmraiiaie s snEuNEBIAY R Sy EbEs Y h2.3
Te MusCl@esssscssscosnsosccosasssosasososresnveae 27.5
Be Kidney.eeesssesscsossccscrscssssvoseesassccse 45,8
F¢ Hoarbeseesasssossosssososssoscsssccscocnscsnse 38k
30s TN sssosnnssnnororaseranarassrnanssasassons 20,8
1  BILAMR 200 cosvs sn bpries T aN TN kb AT RS AT O Llek
12, Lumbodorssl fatecesscecossscrccscovesoscscense 37.3

The above studies were made 3 hours after the intravenous administration
of Ouls3 gram of the drug to a dog weighing 10.7 kilograms. The pentoe
barbital concentration in the faity tissue is expressed in terms of
total lipid content of the 4issue.

(From an article entitled "The Fate of Pentobarbitsl in Wan and Dog."™ A
method for its estimation in biologlcal material by Brodie, BeB., Burno,
J.J" Iiark, XIQDQQ Li@f’ P.&-, Bernstein, Eo' and P&pﬂ@l‘, EM. The

Journal of Phammacology and Experimental Therapeutics, 109: 26-3h, 1953,

FIGURE L
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corna oll prior to recsiving @antobarbital was not reduced; whereas
when the same amimals were given an ultraeshort scting barbiturste,
thismylal, after receiving corn oll, the sleeping time was markedly
raduceds |
3o Correlation between pharmacological action of barbiturates and the
blood congentration,

The possibility of a correlation between depth of aznesthesia
produced by the short acting barbiturates and their concentration
in the blood has been subject to much debate. Carrington and
annﬁos(BB ) and Peterson et 3}"{13'2) feel that such a corrslation
doss existe They are supported by the work of Tatum, Nelson and
Kozelka(ln) who found in rabbits gixmn amobarbital thet while 2 wide
difference in duration of anesthesia was encountered, the righting
reflex returned at approximately the same blood concentration (2._9
milligrams per cent) in all animals,

Contrary to the views of Carrington and anmtoa(83 ) and
Peterson et g}_cnz) 2 Hendorf(:m") states that no close parallelism
exists betwoen clinieal effect and concentration of barbiturate in
the bloods In partisl sgreement with Helldorf are Maymert and Van .
D_‘?k‘.i(?h,) %rme state “except for barbital which probably undergoes no
degrsdation in the body, the relationship of estimated blood level
to pharmacological effect has to be accepted with caution since most
methods do not convineinply distinguish between the administered
barbiturate and the metabolically altered derivatives which, at
present, gppear also to be barbiturates. Even if levels in the blood

were accurately determined, their correlation with pharmacological
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response 1s best for short or very short ascting drugs and poorest for
a long acting barbiturate such as barbitale"

Dille et &%(83) lends support 4o this latier contention sinee
they have shown that after giviag sodium barbital by mouth to a
series of patients, the blood content fell from 39 to 25 milligroms
per cent without obtaining any anesthesiag however, when anesthesia
did ogeur in this series of observations a coneentration of only 12
to 15 milligrams per cent was reglstered, In another case which
they report it was found that a blood level of 8.4 milligrams per
cent was present during coma due to overdosage with barbital, while
the post-coma level was 7.6 milligrams per cent. Thus, such findings
were intexpreted as having ne correlatisn, It is to Yo notsd th
Dille and his co-workers employed the golorimstric method of Koppanyi
(35) which has been subject to much criticism regarding its walidity
as a quantitative method of barbiturate determination,

Taylor and Hiahardscgm have tabulated all the available data

pertaining to the awakening barbiturste-blood level in animals,
From these data the material pertinent %o pentobarbital usage in dogs
has been extracted and appesrs in Table II (figure 5). In this some
arbicle there appesrs dete regarding the time~rste of barbiturate
removal in experiwentel snimalsg this dota was also tabulated and is
presented in Table IIX (figure 5).

From the vast smount of experimental evidence sollected by

Taylor and Mahardss(gm

» bthey concluded that the plasms level at the
time of awakenlng for the shart acting barbituric acid derivatives

was gquite constant for each animel group. They also felt that the
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TARLE II

Barbiturate Flasma Level at Awakening - Single Dose
(adapted from Bichards and Taylar(ao) )e

Flasma
No. of Level at
Barbiturate  Species Dose Route  Subjects Awakenig
mwo/ggo TLOTOHM. °
Pento= ' Dog 20 v, 6 15 & 2,0
TABLE IIX

Rate of Removal of Barbiturates from Bodies of Different Species
(adapted from Richards and Taylor'o0)),

Ho. of
Barbiturate Species Subjeets Dose Rate
m.?ﬁg. agt/ hr.
Pentow Dog 2s 15
barbital Dog 30 31.5
' Dog ? 15

FIGURE S
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plasma value found at the time of awakening was not dependent upon
the dosage of barbiturste administered. This was probably the most
imporbant conclusion drawn by these authors.

Butierti15) , on the other hand, felt that the depth of monthene
ia was more closely correlated with the concentration and rate of
penetration of the barbiturate into the central nervous system.
Farthermore, Bradie(né) demonstrated that this correlation was
influenced by previous seasitivity to the drug and physical factors
such as the waber/lipoid coefficient. Lamson, Orieg, and Hubbinlgm?) é
have shown that glucose infusion and other facbors related Yo
carbohydrate metabolism will render a person more susgepbtible to the
snesthoetic actions of the
such 2 correlation are as follows: temperature, potentiating drugs,
metabolie inhibitors, age, weight and sex. These and other factors
concerned with barbiturate concentration in the cenbral nervous sysiem
are excellently covered in the review artiecle by Richerds and

Taylor' 00),

D. METABOLISM OF THE BARBITURATES.

-~ Along with numerous researches dealing with the distribution and
congentration of the barbiturates in verious body tissues, attention
has been given to the manner in which these drugs are detoxified and
exereted from the body. For this report, due to the great wealth of
material which has been accumulated during the past twenty years
dealing with the modes of metabolism and the various meiabolites of the
barbiturates, only that informstion pertaining to pentobarbital will be

included, For more comprehensive surveys of this subjeet the reader is
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referred to the excellent reviews by Maynert and Van Dﬁtez(?m » Raventos
(13), and Richards & Taylor' °),

Agcording to Mgymert snd Van Dyka(?w, the body possesses two
methods for removing the barbituratess (1) Destruction or chemical
alteration, principally in the liver, and (2) Exeretion through the
kidneys. Raventcs(ua ) further attempts to classify the chemical
reactions which may occur in the metabolism of barbiturates as followss

& = oxidation of radicals in position 5
with the formation of keto, hydroxy
and carboxy barbituric ascid,

b ® loss of Nealkyl radicals,

il

B b  me e SRR o i
Lk L LILLIRAX

¢ = desulphur Lturates,
end d » hydrolytic opening of the barbiturste
| ringe
Of the above, a. represents the most important of the processes for
barbiturate inactivation.
That very 1ittle unchanged pentobarbital is excreted in the urine

has been demonstrated by Hemak(lm’ 19)

, Shonte et 31(12%), Brundage
and Gmher(M) s and Van Dyke ot 53..(3’22). However, the contention of
Shonle and his co-workers that destruction of pentobarbitsl oeccurred
primarily by hydrolytic cleavage was shown to be incorrect by Van Dyka,
Scudi and Ta’bem(l?'z). These anthors found that less than 8 per cent
of the H‘ls isotope administered as nitrogen tagred pentobarbital was
excreted as ammonih and ureas.

The first metabolite of pentobarbital was isolated by Maymert and

Van D_;rks(l'?z’ ). After extensive chemical purification and physical
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snalysis, it was eoncluded that the isolated compound was Secthyl,
5(3=hydroxy~1-methyl~butyl) barbituric scid {(figure 6). This
metabolite was without hypnotic powers when injected into mice. Barrls
and Hagom(mm reported the presence of a reducing substance in urine
following pemt&baréziﬁal injectiony howev- -y, identification was not
completed, Roth and his en-w'crkers(mg ) s using filter-paper chromatoe
graphy, locoted five radioactive metabolites after admninistering pento-
barbital tagged with carbonellis WNone of the metabolites so isclated
represented urea, Thess resulis were substantisted by Ka%muaé)¢
The work of Meynert and Van Dykn(las ) was further pursued by

Maynert and I}msm(m?) who, after giving pentobarbital to dogs by

yiites. Both

the orsl route, were shle to isclate twe urinary mets
were found $0 be the ssme hydroxy metabolite as previously reported
by Maynert and Van Dyke'123)
opbical rotstion., OFf the tobal administered pentobarbital, these

3 however, each metabolite showed different

authors were able to recover L5 per cent as the afore mentioned
urinary metabolite, 33 to 36 per cent as the dextre-hydroxy metabolite
and 15 per cent as the levo-hydroxy metabolite.

Brodie and his calleaguea(ss ), in a human study using orslly
administered pentobarbitsl, were sble to isolate a urinary metab-lite
identical with the hydroxy derivative of Maymert end Dewson. However,
this metabolite ascounted for only 15 per cent of the total administere
ed dosc.

(56)

Algerl and McBay were able to demonstrate three zones of

apparent pentobarbital metatelite following paper chromatographiec



Pigure 6

A pictorial representation of the strnctural
formila of Seethyle5(3=hydroxy~l-methyl-butyl)
barbiturie acid, the urinary metabolite of pento=
barbitsl lsclated by Maynert and Van Dyke'123),
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soparation of the urine of dogs given pentobarbital. The RE® sones
were located at 0.L6, ©.35, and 0.08. They concluded that RE Oulif
represented the dlastersoisemers reported by Maynert and Daﬂszmim?).
The Rf 0,08 zone was felt to represant a Aiffercnt metabolite of
pentobarbital , while no conclusions regarding the Ef 0.3% zone were
possible, |

Thiﬁ work has been further investigated by Titus and ;;5@3'.38(128).
In their work paper chromatographic separation of G-1k tagped
pantobarbital breakdem producte rovealed nine urinary metabolites,
Twe of these wmetabolites were the diastercisomers reported by Maymert
and Dawsan(la” o A third was isol-ted and found to be S=gthyl-5
(Lemetlylm3=carboxy-propyl) berbiturie seid {figure 7) and probably
corresponds to the ethoreextractable acidic metobolite of R 0.08
which Algeri and McBay(Sé) raported.

Regently Winters et %(129 ) have shown thet minced rat liver
cen, in Fitro, desulfurate thiopental to produce pentobarbital.
While in Yitro metabolism of rentobariitsl has been denonstrated
using liver, skeletal musele, brain, intestine and l{idnes?(?m.

#Rf -« is the mathematic representation of the location of the unknown
compound on the chromatogram and is compiled by dividing the mevement
of the zone by the movement of the solvent surface, both expressed in
cantimetars,



Figure 7

A pictorial representation of the structural
. formula of SeethyleSe(l-methyl-3-carboxy propyl)
barbiturie acid, the urinary metabolite of pentow
barbitel isolated by Titus and ’z’s‘@iﬁsclza).
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PURPOSE OF PRESENT IMNVESTIGATION

The present study was undértakén in an attempt to correlate the
distribotion of ‘Apentobarhit.al in seleected tissues of dcgs with the
#nmnt present in the whole blood sampias. Furthermore, ‘ﬂm distribute
ion within the component parts of whole blood was investigated sinee
much of the present literature reports the barbiturate concentration in
sem(w" 16, 17, 18, 130, 131, 132) rather than the whole blood
contente |

| The availability of comparative information is me *ﬁgar(%’ 8o, 133),
y@ﬁ there i an ever-increasing volume of reports ’mgarﬂing blood=
barbiturate concentrations sufficient to be 1&:%%1@1(20’ 21, 22, 255 133 ).
It was, therefore, the hﬁpﬁ of this writer that a correlation might
exist between the concentration of barbiturate in blood and the amount
present in other body tissues or flulds. If such were true it would
allow cne to utilize the data relating 4o lethal barbiturate bLlood
concentrations when only the tissue content was svailable.

A further extension of this work incorporsted the prineiple set
forth by Sunshine and ﬁacketﬁ(mm in their srticle on "hglf-life® of
phenobarbital blood levels. This was an attempt to correlste clinical
symptons, phencbarbital blood levels, and rate of metabolism into one
complete eoncept. It was found that & reduction of helf of the
phenobarbital blood concentration would oceur in a 3-day periods This
occurred regardless of the 3w-day sampling period chosen after giving

the druge The writer has therefore atitempted to determine how rapidly



pentobarbital and its metabolites were lost from the mimis whole

blood as measured by ultraviolet spectrophotometry.

a7
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HOTHODS AWD MATERIALS

A Animals.

The selection of animals was ecarried out in such a manneyr as to
obtain near equal sex distribution. The snimsls' weights ranged from
740 kilograms to 29.0 kllograms, the majority being between 10 to 20
kilogramse The strain of dog used for these studies was not considered
as important since past experience failed to disclose any marked |
variation with regard to rcsponse {0 the barbiturstes. A few of the
animala iﬁcluded in this series were used and studied in conjunction
with the group in our department performing surgically induced cardiac
valwular lesions, These particular animals all received anesthetic
doses of pentobarbital by the intraperitoneal route. The data obtaine
ed from these animals was uscd only for determining drug recovery and
estimating the blood-barbiturate anesthetic congentrstione

The totel number of dogs involved in the project wes 38. This
includes 6 animals which were used in cooperation with the afore
mentioned workers., All of the dsta computed from the enﬁim serics
of animels is included in Tsbles IV-A and IV-B, Not all animals were
used to gain the same data, and some dogs wore used more than once to
determine if any change in response to rentobarbital had oecurred. The
somplete sex and welight distribution of these dogs is shown in Table
Ve
Be Drug Administration,

The barbiturste selected for study was p&ntahaxbital sodlum. The
preparation used was dispensed in 100 ml. vials with a congentration of
50 mgm./mle and contained in a buffered solution ademuate to allow
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either intravenous or intraperitoneal application. Also, a powdered
preparation was obbained for aral adninistration.  The intraperitoneal
route was used in most cases, since anesthesia was induced almost as
rapidly as by the intravenous route and drug administration was mush
easier with the former route. Thx'éa animals were selected for the orsl
route, the powder being mixed in hamburger and fed in the morning

while in the fasting state.

Animals which reeeived pentobarbital by the Mtravamus and intra-
peritoneal route weﬁ available for sampling 15 to 20 minutes after
injection. Botween the time of amesthesis induction and the first
sampling, the animals were plaeed on the animal beard and a femoral
subadown ﬁ‘as}psrfﬁﬁz@d. The femorsl vein was isolsted and canmlated
with polyethylene tubing connected to an 18 gauge needle. The needle,
in tarn, was attached to a 3-way syringe outlet, sll metal parts
having been pro~treated with silicon to prevent any hemolysis. The
animal's tongue was withdrawn to maintain aﬁ adequate airway,

C. ©Specimen Procedure and Preparation.

The selection of samples was handled in such & way as 4o give
as much comparative informstion as possible. In addition, a sourge
previously wnreported, the bone marrow, was utilized. The introducte

ion of bone marrow as @ tissue source was an sttenpt o overcoms a

*Abbott Leboratories preparation of Mhum(a’ was used in all
experiments. An analysis of a lot specimen of this preparation
was performed and demonstrated a concentration of 19.2 mgm./ml.
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deficlency noted while performin: toxieologiesl snalyses in medico-
legal cases where the suspected tissues were found some days to wecks
after desth and were umsuitable for routine anzlysis. Under these
conditions bone marrow seemed to offer the best source for drﬁg
analysis, if such was present, since it was relatively unaffected by
the autolysis which ocours fellowing death. Also, marrow should not
be subject to the degenerative affects of micro-organisms, macro=
organl=ms or the elements,

The following specimens were ineluded in this survey: whole
blood, plasma, erythroeytes, aem; c¢lots, cerebrospinal fluid, liver,
stomach contents and bone marrow, The #nrk on c¢lotted blood offers a
partienlarily imer“;ating facet of investigation in that such a
specimen can be screened for the presence of drug, even after the
sdministration of ultra-viclet interfering substances such as embalme-
ing fluide. |

1o Blood and its Component Psrts.

ge lhole BElood.

Samples were dravn at either half-hourly or hourly intervals
following the initial barbiturste injection. The amm).mt withdraan
was 10 mls. except in the cases where numerous serial sawples
were Lo be drawn and thon the amount was reduced to 5 mls,

A 10 ml. syringe was attached to the three-way system
previously described and 10 mls. of wenous blood was allowed to
gradually £ill the syringe, s minimum of pressure being applied
to further reduce the chance of hmo}yéis. ‘The blood se obtained

was then transferred to an oxalated test tube to serve as the whole
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blood specimen for use in the barbiturste extraction procedure.

Two mis, of whole blood were set aside to be used for analyeis,

the remaining 8 mis. placed in a Wintrobe hematoorit tube and
centrifuged at L200 rpm. for twenty minutes. At the end of the
first twenty-minute period, the rcspecﬁive red cell and plasma
vilumes were recorded. The tube was egain centrifuged for twenty
minutes, this procedure being repeated until the packed red cell
volume remained constant. Once this value became stable the venous
hematoerit was recorded for the partienlar sample being investipate
ede

be FPlasma.

Two mls, of plasma; for analysis, were obtained by removing
the vlasms layer with a micropipette after completion of the
hHematocrit determinstion. The red cell specimen was then procured
by reintroducing the micropipette at the phase layer to remove
any reﬁuining plasma. This procedure usually resulted in the
sacrifice of a small portion of the red eell layer in order to be
eaﬁfidnn‘h that all the plasma had been removeds
¢. Erythrocytese

The usual anount of red bloed cells selected for analysis
was 2 mls. When the cells were analysed bafore and after washing
the sample am unt was reduced to 1 ml. dus %o the volumetrie
limitations. Red cell washing was carried out in the hematoerit
tube, after removing the first 1 ml. sample,

The volume of physiolegic saline used for sellular washing

was twice the packed red blood ¢ell volume. Washings were
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repeated thres times and earried out by slowly robating the
hematoerit tube between the palms of the hands, After two minutes
of robation, the tube was sgain contrifuged for fiftesn minutes.
The resultant upper agqueous phase was then withdrawn by the miocro-
pipette and deposited in a clean test tube,

Since later determinations showed that the first wsshing was
strongly positive for barbiturates and the $hird conteining zaly
a trace, all three weshings were pooled to obtain the sverage
amount of barbiturate per ml. of washing. The pooling was taken
into account when calcoulating the smount of barbiturates in these
washings. The remaining wnshed erythrocytes were alse anslyzed,
de Serum and Clotted Blood.

Another blood component selected for investipation was the
sers from a blood clot 28 well as the clot itself. In those
animals receiving fatal domes of barbiturste, ¢lois were removed
from the ventricular cavity of the heart and analyzed. The serum
was obtalned by allowing 10 mls. of venous blood to e¢lot. The
barbiturate was then extracted from the serum in the ssme manner
as plasms or whole bloods When the olob was used for snalysis
it was broken up with a glass stirring rod and g velume of 2 to
L mls. of macerabed clot used for extraction. When the alot could
not be sompletely disintegrated by simple mechanicsl means, the
entire olot was then pleced in a graduste cylinder econtaining
fifty to one hundred milliliters of chloroform, depending upon clot
size, and the clot's wolume obtained by measuring the displacement

of the c¢hloroform. The clot and chloroform sclution were
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transferred to a beaker, wormed slightly, and stirred until even
distribution of the elot throughout the chloroform was obtained.
The ehloroform layer was permitted to settle cud and mzaovéci for
asnalvsie, The remsining L£ibrin materisl was then washed several
times with two or three 25 ml, volumes of shloroform to remove any
roegidual drge. Since ehloroform was used both 2s the initisl
extracting agent and for washing, the chlorofom gain from the
entire procedure was pooled snd reduced, by evaporation, to a 25 or
50 mle volume, The remaining steps of analysis (Table VI) were
then carried out on this chloroform fraction.

2. Corebrospinal Fluid.

.In the experimente terminated by the dogis death, cerebrospinal
fluid was obtained and analyzed. Clstern puncture, at the base of
‘the ocoiput, was the teschnique employed in collecting cerebrosninal
fluid samples. By sgch a maneuver it was possible to gain sccess
to the cisterns magna and, by attaching a syringe to the puncture
needle, to withdraw s sufficient amount of cerebrospinsl fiuid for
snalysis of i%s barbiturate conbent.

3, Livere

Most of the compiled data regarding the concentration of barbiturw
ate in the body has boen based upen snalyses using portions of liver
tisause. Alac, liver tissue represents the specimen nost commonly
used in boxicological analysis. Hence, in order to correlste the
anount of barbiturate found in the blood with the dats offered in
past experimental research, it was necessary to include analiysis of

liver specimens, The liver from a deceasced dog was removed, in toto,



34

and weighed. Two or three representative sections of approximately
20 grams each were removed, The individual sample was then trimmed
until 1t's weight was exactly 20 grams. Homopenation of the specimen
in a Waring blender, a process which required from fifteen to twenty
minutes was then performed. If a8 semi-licuid consistence eould not
be obtained, the materis) was treated with LO mles. of physieologie
saline,

Two mls. of undiluted homogenate was selected for sampling,

In those instances where the matorlial was not semi-liguid and
dilution w@ﬁ naeessarr the liver homogenate was washed three times
with 1O mls, of physiolovical saline. Each washing waes then separate
gd from the liver tissue by cenbrifugation. The resultsnt washings
were pooled for analysis. The decision to wash only three times was
based on the data eollecied previocusly which deronstrated that the
fourth washing, in most cases, falled to contain detectible amounts
of drug. From the pooled liver washings 6 mls, of extract was used
as the specimen size.

An slternate procedure used to test the velidity end sccurscy
of the above method of liver extraction wss microhomogenstion of
gmall amounts of liver tissue, The resultant sample was analyzed
and compared with the recovery of berbiturate obbained by the Waring
blender methods While there was slightly grester recovery of
barbiturate by the microhomogenation method the difference was not
sufficlent to warrant the use of this more tediocus procedure.

With liver derived frem human sources, and used for toxicologice

al analysis, the mresence of fat in the liver homog nates often
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makes exbraction difficults The presence of fat constitutes a
serious problem during extraction since the barbiturates are mite
soluble in lipeid material, Ho such interference was detected

in the liver samples taken from the snimais.

he Bone Farrow,

8o far as can be determined bons marrow hae not been previously
used as a speciman for toxicological analysis, Thus, this tissue
is being reported for the first time as a speciman source for such
investigation. The reasoen for témi seleetion of bone marrow as a
speciman source was bocanse of two cases where it was necassary 10
perform toxieological analysis on decomposed bodies. In both cases
the body had been 2xposed $o the sloments with bagterial, autolytie
and insect decomposition taking place. The problem was to detect
drug in decomposed tissue. It was suggested that bone marrow aight
be ﬁhm ideal source since it was reasonably wall protected from such
foms of decomposition. However, since no previous work had been
reported concerning the presence of drug within marrow, the idea
was temporarily abandoned,

With the advent of the present project, it was desided to inelude
marrow as one of the specimens to be investigated. Initially it
was hoped that several dogs could be fatally poisoned with pentow
barbital and then exposed to the elements for six weeks to thres
monthe and then snalysed for barbiturate. Howevrr, due to the
inability to locate & suitable place for such exposure, the ides was
modified to include only that bone marrow which was available followe

ing acute poisoning of the animgle
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&eﬁeml metheds for obtalning bone marrow semples were tried.
The first utildzed a i x 1 em. ndece of stermm snd/or rib being
macerated with a steel pestle and mortar and then extracted with
25 to 50 mlse of chloroform. Due to the semi~liouid nature of the
marrow, such & progedure was found to be technically impracticals
The second procedure atiempted was removal of a femur from 2 -dogs,
ona of which weighed 12 kilograme and the other 18 kilograms, Both
ends of the famur were sawed off leaving a mideshaft portion of
approximately 7 to 8 ems in Jength. Using a thirby milliliter
syringe, fitted with a 15-G needle, the entire bone marrow gavity
was then flushed with physiclogle saline. The latter method
proved to be sstisfactoryy however, cuantitation by this arude
procedure was only grossly posaible snd, at present, would not
appear applicable for medico~legel purposes.

The marrow extract so obtained was then further extracted with
chloroform and anslyzeds. Obtaining suitable extracts from bone
marrow presented the same problem of high lipoid content as that
encountered with the extraction of liver tissue in human beings.

In this study the problem was solvaed by repeated chlorofomm washings
of such fate
5. Oastrie Contents,

The gastric contents of 2 dogs given sodium pentobarbital orally
and 5 receiving the drug intraperitoneslly or intvavensusly were
collected and analyzed. Speeimens wore withdrewn by stomach tube
at perlods of one, two, and three hours (Table IVeB) after drug
administration. In those cases where the dog died, the gastrie
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eontents were progured at aubopsy. Analyses of the gastrie contents
obtained from the two orslly fed animals were inconsistent probably
begause the drug was mixed with hamburger and the material retained
for some time in the dog's stomach. This made analyses and estimete
ion of the precise amount of drug retained in the stomach difficulb.
In fact, only 2 of the 10 animals receiving oral pentobarbital
obtained a sufficient barbiturste coneentration to emmse anesthesia,.
Another reason for these inconsistent results may be that not all

of the gastric content, procured from the snesthetized animal by

stomach tube, was withdrawn,

D. Method Used For Extraction of Pembobarbital from Speginens.

Since main interest centered in recovering and establishing
muantitative ﬁmaunts of pentobar.ital in the various samples, the
chrometographic separation method was not utilized in the animal data
which compose the results of this study. While the possibility of
incorporating the combined chromatographic-spectrophotometric method
of Algeri and ﬁoB@(Ell ) was considered, this was not fsasible dus to
the specislized apparatus rvequired,

The considerations involved in the selection of the method of
extraction utilized are enumerated belows

(1) The Brackett and Bradford(gﬂ progedure was representative

of the mosh widely eccepted method for barbiturste ciat;aminétion.

(2) The Department of Phammacology has had approximately six

years of experience with this particular method.

(3) Very precise auentitation of the amount of barbiturate
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present in blological material can be gained by this procedure.
(i) Much of the published data utilized in comparison with the
present results were obtalned using similary sp@etmphm:.metﬁu
procedures,

(5) The extraction procedure used represented a clinically
appliceble methods If the experimental data so collected were
%o serve a useful purpose, it had to be correlated with, and
gorrespond to, the clinical obeervations cbtained in humans.
(6) The procedure selected incorporated all of the importent
aspects of barbiturste extraction which have appeared in the

research and clinical literature' >0 o0r 11b)

Ag pointed out above the baeie scheme of exiraction used was thad
deseribed by Brackett snd Bradford'>'), Gertsin modifications in the
progedure were introduced as pointed out later. The Brackett and
Bradford extraction procedure, in its enbirety, provides three fraci~
ions for final analysis, the acld, basic and neutral. However, since
the barbiturstes are extracted and retained in the acid fraction only,
it was not necessary to carry out steps to obtain the two other
fractions,

The reagents used, apparatus recuired and procedurs followed in
thig modified Brackett and Bradford extraction procedure are described

in Teble VI,

E. Spectrophotometric Analysis of Extracted Samples.
The Beckman Model D.U. Spectrophotometer was used for analysis

of the extracts. The ultreviclet accessory set of this instrument
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provides 1 cm, quarts cells which are matched as to their transmission
aqualities, Suitable correction curves uging distilled water i‘ar‘ the
determinations were caleulated. This correction was then ut:ll:imd
whon computing the amount of drug present.

The actual technie used in operating this instrument is as
follows: Before commencing the spectrophotometer analysis, the
sensitivity switch of the instrument was rotsted three turng counter-
clockwise from the olockwise stop and reteined in this position
throughout the remainder of the analysis, The samples to be analyzed
were then placed in individusl cuvette containers an& insexrted inte the
apparatus. The "dark™ current disl then being serced to the null
pointe® Folicwing this the wave length dial was set as 220 millimie
erons and the blank cuvette then centered in the llght peth with the
shutter switeh positioned to "on", The slit adjustment was then used
to re-zero the indicator to the mull point. After correcting for
the reagent density, by the above procedure, the cuvette containing
the unknown sample was alined in the light path and the density dial
used to re~gero the indicator to the null point. The demsity of the
- unlmown specimen was then recorded., The data obtained for each
specified wave length was then transferred to graph paper so that a
curve could be plotted, The initial reading was taken at 220

#The dark current dial is used to balange out the ecurrent passing
through the phototube and other eireuit components when the phototube
is not exposed to 1ight, Zeroing to the nmull point is done 4o insure
acouracy of measurements taken after phototube is exposed to light

pathmay,
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millimicrons and each subsequent readings et ingrements of I millimicron
untll 236 millimicrons was reached, From this point readings were

taken at each millimicron until 24 millimicrons was reached. Beyond
2l millimierons readings were again taken &t each i millimicron
increment up to 260 millimicrons and then every 5 millimicron incrow
ment until & resding of 300 millimicrons was reached. The initial
yeading of 220 millimicrons was selected because readinzs belew this
wave length are of doubtful reliability.

The unknown samples so analysed had a pH of 9.5, Once the
readings of these samples, st a pH of 9455 had been recorded, the
blank and the unimown ssmples were then treated vith sufficient 0,5N
HCY (ususlly 0,15 m1,) 4o obiain s o8 of 1.5, The fractions with the
adjusted pH of 1.5 were then replaced in the spectrophotometer and
the density at 21,0 millimicrons was regorded. The reading so obteined
represented the background interference of &ll substances other than
barbitumtes(sg) » and was used in the caleulation of barblturate
conternt,

F. MNeothods Employed in Calenlating Results,

Since each sample varied with dosage of barbiturete used and
time taken, a common denominator was negessary in order to allow
both comparison and statistical analysis of the varicus results. To
obtain such e standard value it was decided that the drug level of the
material o which the comparison was being made should be considered
as 100 per cent. The comparison could then be cemputed according 4o
the following master formulaes
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X @ materlal being compared.
Y = material to which comparizon is belng made.

ntobarbital concentration in X
pentobarbi ecnecentration

#in X =

A more detalled explanation of each particular compubation used
for the various specimens analyzed in this study followss
1. CGaleulation of %ole Blood « Plasma - Erybthrocyte Relationship.
To obtain the per cent of pentobarbital in the plasma as

compared to whole blood, the following formula was useds

@ 4n Plagma = fL0508 goncentration/ml, x Plasma Hematoorit . ..,
TTT T T Wnole Blood concentratlion/mle

S5imilarly, to compute the per cent pentobarbital in the
erythrocyte fraction as compared to whole blood, the fellowing

formuls was employeds

% §n BBC = RBC congentration/ml. x BBC Het. x 100
ole Blood concentratlion/mle.

Hmve:k, in order to obtain a 100 per cent total from the plasma
percentoge plus the erythrogybe percentage, il was necessary o
correct the per cent values for each fraction so that they add up to

100 per cent by using the following relstionships
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% in Plasma __ Crected € in Plasna
Ham of B in Plasma and ROC 1008

The corrected per sent in plasma is then subtracted from 100 per
cent te gain the gorrected percentage in the erythrogyte.
The theoreticsl whole blood pentoberbital concentration was

computed by using the following formulas

Conet. pentobarb. . plasma conct. x plasma Het. # RBC Conet. x RBC Het.
in whole blood Mie M.

This value was then compared with the saloulated whole blood
level by using the Dixon Sign Tesh.#

The results of these caleulations are recorded in Table VIIIwA.

When statistically analyzing the per cent of pentobarbital prese

~ent in plasms as compared to erythroeybe content, the actual ealoulabe

ad‘pementageg were ubillzed, rather than the corrected percentages.
2o Oalculation of whole bleod - scrum relationships 7

The raw data e@mmes the mmount of pentobarbital detected as
gamma/milliliter (u Gm./ml.). In order to determine if a yelatione
ship exists between these two, it was felt that the whole blood

#Dixon sig? Test for paired observationss
Hs X = computed whole blood levels,
X% = theoretical whole blood levels.
n = # of paired observations.
1 5 1 r =X of times the less frequent
(%, - 1%) (KE = X5)eeceX, ~ X5 sign occurs.
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congentration should be considered as representing the 100 per cent
value, The serum percentase was then computed using the following

formulas

The results are tabulated in Teble IX-B,

3+ Celeulation of whole blood -~ c¢lot relationship:

As with previous caloulations, where the data compiled were
to be correlated with whole blood results, a percentage value was
computed by considering the whole blood value as equal to 100 per
cente Calculstion of the percentage relstionship botween clot snd
whole blood penmtobarbital concentration comployed the following
formulas

% in olot = Pentobarbital concentration inm clot x 100
pentobarbical eoneentration in we bloo

The results are tabulated in Table IX-C,

e Comparison of the barbiturate content of washed erythrocytes
and saline washings to the amoundt present in umwashed red blood
colls:

The per eent comparison was celculsted in the same way as
for previous specimens, except here the pentobarbital content of
the unwashed erythrocyte sample was assigned the 100 per cent
valus, The following formilae were utilized:



€ in washed cells = pentobarb. cone't. in wash cells » j00
pentobarb. cone L]

¢ 4n ssline washings = pentobarbe cone't in sal. wash x 3 x 100
pentobarbital ooncenbration in RIG

Since washing resulted in a dilution of three times the original
specinen amount (the rew data being expressed as a u Gm./ml. of
saline washing) the concentration se cmpumd was multiplied by 3
in order to obtain an equivalent basis for comparison.

The results of these calculations are presented in Table IXD.

5. Comparison of liver, cersbrospinal fluid, and bone marrow

S Ben e i B a e
PLEHENe S5 WOlLe L0046

Here apain the barbiturate content of whole blood was chosen
to represent 100 per cent., OComparative percentage vslues for liver,
gerebrospinal fluild and bone marrow were then computed in accordance
with the master formula discussed at tre beginning of this section.
6« Computation of Pentobarbital Loss Due to Partitioning of
Specinen Samples,

gse Whole blood concentration versus plasma and evythrooyie
contente

Recovery data was computed to evaluate $he amount of extracted
pentobarbital lost by zeparating the whole bloed inte ite major
camponents, plasma and erythroeytes. 7The actusl ealenlation

involved the followings

Theoretical W, Blood /ml., x 100 = £ recovery
culated W, Bloo .
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The results for these determinations are tabulated in Table
IXwi
be Washed red cells plus saline washing,

Similarly the mebvery for washed red cells plus saline
washings, when ecompared to unprocessed red celis, was compubed by

using the same technioues

Saline washings dm].. + Washed red cells /ml, - 100 = % recovery
" Unwashed red cells /ml,

The results sre presented in Table IX-D,

7 Time rate of pentobarbital disavpearance from whole blood.

To obtain a base line for comparison, due to individual animal
variation, the whole blood pentobarbital concentration present in
the initial sample was assumed to be 100 per cent. The other sample
percentares wore then computed according to the following schemes

£ = Wo Blood sample concentration to be determined,

Y = Initial W, Blood concentration (at LS minute sampling time).

Xx100=%
X

The data obtained by these eomputations were then recorded in
Table X,
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RESULTS

In this research a total of L0 cbservations were made on 38
animale with two dogs (No. 7 and Ho. 20) sach subjected to two
separate analyses (Table IV-A and IV-B). Thirty-two animals were used
exclusively for this project, while analyses were performed on six
dogs used primarily by another research group in this department
attempting to induce cardiac lesions in the animals. On these six dogs
the only studies performed were those dealing with red aélluplasma
p@ﬁtobarbital distribution and per cent recovery. The limitations
imposed on the latter animal group were necesssry beecause the initial
anesthetic dose of pentobarbital required supplementa ion during the
sampling period, due to the prolonged nature of the surpery being
attempted. |

The analytical results of the entire series were divided into
rolated groups with many snimals being utilized for more than one
purpose. - As previously ststed, the initial gosl of this work wos to
correlate bartiturate blood concentration with tissue concentration,
Howevers as the experiment progeeded, many other valuable observations
wore gained. In order to adecuately present each of these observations

they have been divided into six categories as follows:

A, Barblburate whole blood econcentration present at time of arpusalt
These observations were obtained using 21 animals, all but 3
being snesthesized for periods longer than 3 hours (180 minutes) The

end point selected for arousal was the first sign of swnreness of the
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animal to its aéxrmmd;ings. Initially it was hoped that recovery of
the deep tendon reflexes could be employed as vne of the criteria
for srousal, but this response was too varied to be used as a
sultsble index, Analysis of the blond at srousal time gave maximal
post=anesthetic levels sinece the measuresent was performed on blood
drawn at the time when the animal Plrst demonstrates shjective signs
of emerzing from the offects of the snesthesia. Moreover, awakening
tine was oprortune for smmpling since the dogs were not subject to
the periphersl sensory stimulation accompanying instrumentation as
they had been previously prepared and meintained in a oiiet environment
throughout the entire period of sampling., The bloodebar:ituraste

n animal et the time of arousal is recorded in

aoncentration fo

e L A

b
1]
<3
(4]

Table VII,

The average awskening pentobar itsl concentration was 143 +
2,3 gomma peyr milliliter. However, since the ronte of drug administrate
ion varied; a further presentation of the results has been made accordw
ing %o whether the drug was iven intraperitoneally, intravenously or
orally. Statistical amalysis of the dmpg concentrations for these three
groups showed those dogs receiving intraperitoneal pentobarbital to
have an awakening pentobarbital blood concentration of 174 + 1.6 gamma
per milliliter, while those glven the drug intravenously awoke at an
averae value of 15,7 # 2.8 gamma per milliliter. The three animals
given orsl pentobarbital awoke, on the average, at a blood barbiturate

concentration of 13.6 ¢ 0.6 gamma per milliliter,

B, Correlation between injected dose of pentobarbital and the whole

blood barbiturate concentyationt
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The injected dose of pentobarbitel ranced from 25 @illigrams per
kilogram to 95 milligrams per kilogram with s range of + 2.5 milligrams
per kilogram allowed at each dosage selected for evalustion {Table VIITe
A). Samples were taken at 30 minute intervals with the first sample
proeured 30 minutes after injoction. The time of the final sample was
dependent upon eith:r the length csf'anmthesia or when the animal expire
ed,

The failure to obtain complete serial data for all of the 16
amimals in this particular set of observstions was due to: (1) the
variation of individual animal response for the same time=~dosare
interval; (2) improperly timed sampling on the part of the observer;
and, {3) inabiliity to give fixed and definite anesthetic producing
amounts of pentobarbital to all dogs each time since the drug was
administered in & milligram per kilogrem dosage.

From the data accumulated on this particular subject (Ta le VIII-A),
it 1s obvious that the only two dosage ranges where an adenuate mmber
of observatlons were a'ailable for statistical evaluastion were the
30.0 ¢ 2.5 mgue/kg, and the 37.5 4 2.5 mgme/kge dosages. The remeinder
of the values are included for eampleteness only. No inference can be
made from the remainder of these observations since they do not
repressnt a8 large enough group to be experiments ly walid,

The correlation between injected dose and pventobarh tal blood
concentration, over a speeific time interval, for the animels which
raceived either 30 4 2.5 mgme of pentobarbitel per kilogram body weight
or 375 & 245 mgme of pentobarbital per kilogram body weight are
tabulsted in table VIII-B, All the pentobarbital concentrations which
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gorrespond o the tims and dossge range desired heve been included and
do not necessarily repres.nt the serial samples for ons nasrtleulasr
animale  Only those snimels which received one dose of pentobarbital
for anesthesia were included thus eliminating from consideration any
animal which required additional doses to maintain anesthesia.
Definite correlation between dosage and blood concemtration was not
obtained and in all probability these results merely represent variate

ions in individual animal response and metabolism of the pentobarbital,.

Co Distribution of P[ntabavbitai in various tiéaua and body fluids:

In this study comparison was mede between the cquantity of
barbiturate found in the tissue to that pressnt in whole blood except
in gases where blood was not applleable and then the appropriate body
fluid or tissue was substituted. The following rela ionships were
studieds

1. Whole blood veraus plasma-red eell distribution.

This data was campilad in an attempt to show equal distribute
ion beéwaan the red cell mass and pléama. In Table IX-A the finde
ings related ia this particular distribution are tabulated, When
the Dixon Sign test (figure 8) was apulied to the paired observate
ions, i.e. the measured and theoretical whole blood levels, and the
mall hypothesis applied, it wos found that there was g probability
of greatar than 0,25 that these findings ceme from the same populate
ione Such a test waé valid since the only assumption used in
computing theoretiecal whole blood ceneﬁntrﬁiiun was that the barbitur-
ate distribution between plasma and red blood colls would be modified

by the hematocrit value. Once the theoreticsl whole blood value had



FIGURE 8

Dixon 8ign Tests

X = gomputed whole bleood barbiturate lsvels.

X1 & theovetical whole blood barbiturate levele

n & number of paired observations.

r = numbsy of tises the less frequent sign occurse
From Table VIII-Ag

n = Ll paired observations.

r 86 ( -)
From "Introduction to Statistical Analysis® by W. J, Dixon and F. de
Massey, the following formula is taken which allows one to estimate
the "y" value for & given "n® value, when "n® is greater than 90,
The answer so obteined 1z the nearest interger less than the one
gained when the formula 1s solvade

(n-1)/2 2 k/A F 1  when k = 0,5752 for .25

13/2 = 0.5752/1L%

715 = 0.5792 (12.0k)

71.5 = 6,9k = 63.56

r » 63 when n = 14}
Therafore, the probsbility is greaster than .25 that these data come

from the same population.

50
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been computed, with due consideration given to the hematoerit readw
ing, comparison could bs made to determine whether o not the
‘theoretical and caleulated whole blood concentrations were of the
same populstion. If they were then equal drug distribution must
exist boetween the red cell and plasma since the only allowance

for variation in distribution eonsidered was the hematocrit retding.

The net difference botween the 143 comparisons performed on the
caloulated whole blood concentration wersus theoretical whole blood
concentration was $25.23 micrograms per milliliter,

2o Whole bLlood versus serum.

Nineteen observations were included in this series with 13
snimale being sampled, Table II-B tabulsies the in
:Léns. When comparison to whole blood, obtained at the same sampling
time, was performed ’i‘t became apparont that scrum contsained, on the
average, approximately fourefifths as much pentobarbital (82.6 ¢
2he6%), mi1liliter for milliliter, as did the whole bloods

In four dogs (Dogs No. 9, 10, 23 and 26) more than one serum
determination was possible. Whon the sera from dogs No. 23 and YNo.
26 were evaluated no correlation of the serial samples eouid be
obtained, Homever, the resulte of the determinations performed on
dogs Nee, 9 and No. 10 showed reasonable correlation with almost ecual
distribution, The interval of time betwsen the initlal dosage and
sampling did not seem to influence the correlation.

The statistical 95 per cent range of comparative pentobarbital
percentage present in serum for the entire group was from 3l.b to

130.8 with the group average being 82.5 per cent.



This series was further divided into two rether disiinet
groupings. The firat contained 10 animels and demonstrated an
average value of 99.5 per cent with g stendard deviation of + 6.2
per cente The second was composed of 7 snimals showing an aversge
of 5349 per cent with a standard deviation of & 9.7 per cent.

3. Whole blood versus clobe

Nine animale were included in this group with twelve samples
procured. The average conecentration of yentobar%it31>§ras®nt in
the clobe was 92.1 per cent of that found in whole blood sample
drawn simultanecusly (Table IX-C)e. The standard deviation of thie
g’mp z#aa ¥ 12,0 per cont. It is interesting to note that except
for animals No. 21 and No. 30 (samples 3 and L), the results were
srouped in twe localized arees. Four samples were in the 03 to 89 per
gent range and five samples were in the 97 to 109 pervcenﬁ range.

Lie Emythrbcyte, washed cellesaline washing comparisoni

A totel of 15 animals were included with all but 3 being sampled
more than one tiﬁe. Of the 39 samples sequired, all demonstyrated
detectible penﬁobarbiﬁél in the unwashed arythrocytés end the saline
washings of the red blood cells. However, after washing, only 9 of
the 39 erythrocyie samples were positive for pentobarbital, with the
other 30 failing %o show any barbiturote present. The amount of
pentobarbital present in the saline washings was 8L.2 per cent + 31.6
per cent of that present in the unwashed Elaad cells,

Per cent recovery, based on the total percentagé of penitobarbite
a2l found to be present in hoth washqd red gloed gells and saline

washings, when compared to the amount recovered in the unwashed red
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blood cells, gave an average of 99.3 per cent. The 95% ronge of
recovery values extended from 79.8 to 115.8 per cent, the standard
deviation being & 9.2 per cent.

5 Comparison of whole blood, liver, cercbrospinal fiuid, and bons
narrows

The individual results are tabuleted in Table IX-E, From the
. results obtained a correlation between whole blood barbiturate
content and the compared tissue values was found to exist, provided
at least fiftoen minutes wes ailowed between drug edministration and
smmpling se that adequate tissue distribution could occur., The per
cent of barbiturate coneentration in the bone marrow was uniformly
low and exceeded 10 per cent im only 2 of the il animals (Dogs No, 22
and No, 25) sampled. In all cases the per cent liver barbiturate
concentration was higher than the per cent present in cerebrmspinal
fluid,

A totol of 1% animals were sampled a2t sutopsy with 20 liver
samples, 17 cerebrospinal fluid samples, and 21 bone marrow samples
obt ined., Comparison of these three specimens to whole bleod
concentration will be considered individually:

ae Whole blood versus liver pentoberbitel contends

On the average 90,5 per cént as much pentobarbital was present
in 1 ml. of liver homogenate as in s comparable millillter of whole
bloods The 20 liver samples had a standard deviaztion of + 8.0
per cent with a statistical 95 por cent range of 7heB to 106.2 per

gente



bs Whole blood versus cerebrospinal fluid pentobarbital contents
Of the 17 samples obtained, it was computed that, on the
averago, only 6.2 per cent as much pentobarbital was pres nt in
1 ml. of cerebrospinal fluid as was present in 1 ml. of whole
blood sampled at the smme time. 'The standard deviation wos 4 L.9
per cent with a statistical 95 per cent range of SLh.6 to 73.8
per cent. |
¢s TWhole blood versues bone merrow pentobarbital conbents
This group comprised 21 snalyses, Statistical anzlysis of
the resulis showed that only 6.1 per cent as mmeh pentobarbital
was present in 1 ml. of marrow extract as waes present in 1 ml,.

- of whole bleod aampled sif;!‘ﬁlleanﬁ.‘eilﬁlﬁ'a The prosedure used 4o
obtain the marrow has already been outlined; however, 3 ml. was
selected as the sample amount for smalysis since each specimen of
fomuy was flushed three times with 10 ml. of physiologisc saline.
From the 30 ml. of pooled merrow flushings, a 3 ml. sample was
analyzed, i.e. 1 ml. for each of the three flushings. The {inal
caleuletion then reduced the amount of penmtobarbital present to
that found in & 1 ml. sample of pooled marrow extract.

The standard deviation for pooled marrow extracts was + 2.6
per cent with a statistical 95 per eent range of 1.0 %o 11.2 per

cent,

D, Per gent recovory:
Recovery data for pentobarbital was cbbtained for two different
groupé of observations, the first being the calenlated whole blosd

lavel versus theoretical whole blood level. The average yeeovery
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value for this comparison was 99.3 per cent, with a standard devistion
of $ 10,8 per gent. The statistical ninetyfive per cent range was
768.1 %o 120.5 per cente

The second group of recovery values were those of the washed
erythrogytes and saline washings ss compared to the smomb present
in the umwashed red cells. The resulis of the comparison demongirate
ed an aversge recovery of 97.8 per cent. The standard deviotion was
£ 9.2 per caxxﬁ with a statistical ninety-five per cent prange of 79.8

%o 115.8 per cenbe

Be Time-rate of penitobarbital removal from the blood.

Seven animale were selected which fulfilled the following
criterias (1) the mesthetic dose of pentobarbital was between 30
and 40 mgm./kg. body weight snd given parentersilys and, (2) that
the first blood sample had been drawn 1.;5 mimtes after pentobarbital
admninistystion, and ﬁ‘urtmr that st least two sdditional aamg:xléﬁ had
been taken over the next two hour and fifteen minute period. Twenbty=
nine observations were carried out on these 7 animals, or an average
of L.l observations per animal.

The graph whioh accompanies %hle X was plotted using a%rage
pentobarbital percentage and statisticsl 95 per cent range for e-ch
sampling period. It is intere ting to note that a steady declim
in blood barbiturate concentration cccurred, with a 50 per cent
value belng registered at approximately 100 mimutes after initial
sampling. The statistical 95 per cent range for the various aversges
overlaped only st the 150-180 minute sampling ranpe, and then by

only 2.2 per cent.



56

- DISCUSSTON

This investigation wae undertaken to provide more informatien and
data dealing with the distribution of one of the most widely used
barbiturates, pentobarbital, in the body tissues after sdministration
by several routes to doge. It was slso hoped that information could be
provided with respect to any correlation existing between the
concentrations of pentobarbital found in the blood and the various

tissues exasmined., Other then a few reports dealing with the blood
(20, 21, 22,

(80, 85, 86,

coneentration of barbiturates in fatally poisoned humans
255 106, 133) s and g still smaller group of publications
133) which attempted to correlate blood barbibturate consentration with
either tissue values or clinical response, no information of this type
existe. Some work regerding correlation batween Pant}othalm) blood
conecentration and tissue distribution has been perfomd(&" 72 735 80y
8L) o However, such information was of little value when considering
pentobarbital distribution since the two druge are markedly different,
not only in their rapidity and duration of scltion; but also in their
fate and detoxification within the body.

The need for correlative data regarding barbiturste blood
concentrations and the congentrations in several tissues such as
the liver and brain determined at various intervals after administration
is great. This information could serve as a helpful diagnostic and
prognostie criterion for the clinielan to estsablish the severity and
duration of barbiturate poisoning and to follow the response to
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treatment. It would also be of value to the toxicologist sinee it
would allow usage of established lethal blood barbiturate concentrate
iom(ls"m’ 130-132) when only the tissue values were availsble.

The phéﬂe of this research discussed first was the attempt to
establish pentobarbital blood concentrations presemt at the time of
the dog's arousal, Anesthesia, in this group of animals, was oroduced
by giving pentobarbital in several dose ranges by either the oral,
intravenous or intraperitoneal route,

This study was deemed of primary importence due to conflieting
reports regarding the existence of such a correlation. As had been
previously mentioned Carrington and litmzre:rﬂ;«:;s(83 ) s End Peterson et al
(112) maintained that the correlstion betwsen blood barbiturate
concentration and awskening time was present for both uliraseshort snd
short-acting barbituratess On the other hand Helldor£' ™). and to s
lesser extent Haynert and Van D:.rko(?h), felt that such a correlation
did not exist. However, impressions appeared to be the sole support

of the latter contention.

Ao Gomla‘bim of arousal time pentobarbital blood concentrations.

- Before discussing the results of this study and attempting to
establish correlative data ’ several factors influencing the interprete
ation of these observations must be considered.

First, these blocd levels represented the measured pentobarbital
content at the time of awakening, a value whieh included both
unmetabolized and metabolized drug.

Secondly, and probaily of greater importance was the fact that

preparations for obtaining blood samples intpavenously were made
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during the stage of deep anesthesia. Thus, when the dog regained
consciousness much of the periphersl end viscersl sensory stimulation
aacmpanying intyravenous puncture was lacking.

The ecomposite pentobarbital congentration present in whole blood
at time of arousal, computed to be 16.4 § 2.3 gammas nar milliliter,
falls between the plasma values of 15 § 2,0 gamma per milliliter and
17 § 2,0 gamma per milliliter reported by Taylor et 3},(58) using 12
dogs glven intravenous pentobarbital.

Since only 5 of the 21 animals reported in Table VII received
pentobarbital intravenously, the animals were considered in three
separate groups, according to route of drug administration.

The average concentration in whole blood for the group receiving
pentobarbital by the intravenous route was 15.7 L4 248 micrograms per
milliliter. This corresponded to the lesser figure just shown for
Taylor and his co—workera(%) o The avérage of the group recelving
the drug by intraperitonegl route was comparable to the greater
concentration féund by Taylor and co-workersg.

The finding of 13.6 ¥ 6 micrograms per milliliter of pentoberbite
al in the blood of animals given the drug orally implied that a more
prolonged effect was obtained, at least in animals, by this method }af
administration, Or, since a greater interval of time was necessary
for shsorption to oscur, and since the drag entered the meisbolle
pathways at a somewhat reduced raste, the ummetabolized-metabolized
pentobarbital ratic may not have been as great after orsl administration
a8 was present in animals who receive their drug by parenteral administ-

ration. The latter factor, if true, would allow a lower ulbtra-violet
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measured pentobarbitsl blood ecmammmmx_, i.e. pentobarbital plus
its metabolites which show ultra-violet absorption, to be registered.
However, the anesthetic potential (unmetabolized dmg) of the pentoe
barbital corcentration so messured would be equivalent to the higher
valucm recorded in the injected group.

The averapge values computed for the intravencus and intraperitone
eal arousal levels demonstrated a difference which was present regard-
less of initial dosage. Whether or not this represented a true
difference was subject %o question since the number of animals in the
two groups were not equal and therefors not comparable. However,
singe this difference was less than that following orsl dosage a better
sorreletion spperently existed batwesn the sonsentrations of bHlood
pentobarbital found followling intrsvensus-intraperitoneal injection.

- With respect to the influence of inereasing the dosage of
pentobarbital to the blood coneentrations found at time of arousal,
the only consistent animal response was prolongation of the duration
of anesthesia. The possibility of increasing dosage producing high
measured pentobarbital levels at time of srousal was alse investigated,
but no correlation was found to be present. This conclusion was the
same ag presented by Taylor and Richarducgo).

The results g ined from study of the arousalepentobarbital blood
concontrations were so encoursging that an extension to include the
possibility of a correlation between injected dosage and the resultant
barbiturate blood coneentratlon at various time intervals was under-

(11k)

taken. Although Helldorf stated that there was no close

parallelism between clinical effect and concentration of barbiturate



in the blood, he adnitted that the possibility of a more consisbent
animal response did exist, With this in mind, the results shown in
Table VIIT-A were procured,

The wide range of pentobarbital blood concentrates found o be
present at any one sampling time (Taile VIIT-A) indicated that
Helldore's ™) 14ntcal findings could be extended to include data
obtained using dogs. It was obvious that variable other than dosage
enter into deternining what would be the amount of drug present in
the whole blood following any particular injeeted dose.

Une variable that could influence the correlation between
dosage and barbiturate concentrstion was the rate of absorption
from the peritoneal marfage following intreperitenesl injection.
However, the group of dogs given intravenovs adninistration showed
an almost equal depression of values indicating that absorption
played 1ittle, if any, part in the failuve to obtain a correlation.

That the rate of absorption did not influence the dosage-blood
coneentration correlation was an importsnt finding. In some pilot
studies preceding this research, it was found that, on the averapge,
it required 2 to 5 mimubes o induce anesthesia in dogs when
pentobarbital was adninistered int:@vanausly. In the eomparsble
- group of dogs given pentobarbital intrapsritoneally, it required
approximately 20 minutes to ain the same effoct. Since all othewr
factors remained constant, 1t was felt that the fifteen minutes
represented a difference in absorption.

In the same study it was evident that the animals which

recsived intravenous 'entobarbital swoke sooner than the comparable



é1

intraperitoneal group,; but no constant correlation could be recognized,

Another factor which could have accounted for an inability to
correlate dosage with blood level was a ¢yclic flucturation of blood=
barbiturate conecentration ss observed by Anderson and Easex(sg) in
dogs given intravenous pentobarbital. While this observation has not
been corroborated, 1t introduces an interesting concept.

The deelining trend noted in the blood barbiturate coneentration
during the sampling period will be discussed when the time rate of
barbiturate removal from the blood is considered.

In order to ascertain whether or not there existed an equal
distributicm of pentobarbital within the major whole blood componentsy
1.6, plamma end erythrocytes; it was dsoidad that the Dizon sign test
would be valid for statistical analysis since the comparstive informate
ion was derived from the same population. The null hypothesis, i.e.
that both groups of cbservations came from the same population, was
considered to be a valld approach since the cemputation of the amount
present in the theoretical whole blood was based upon the assumption
that a fifty-fifty distribution existed, with the only variable being
the hematoorit recading.

At first it might appear thet a comparison of plasma and red
cell rentobarbital blood levels on a milliliter for milliliter basis
would be more exact. Howsver, it was obvious that statistical analysis
was not applicable to these two materials sinee the end result would
not talke into eonsideration the whole blood value for which the
comparison was intended.

A probability of grester than 0.25 was taken as evidence that



the initisl hypothesis waes true as stated. Due to the large aa&éxpla
size used, it could be concluded that the distribution within the red
¢ell and plosma was one of equality. Furthermore, the hematoecrit
appeared to be the major distributing factor since its value detere
mined the exact perpgentage-distribution present.

The consistence of hematocrit wvalues during pentobarbital
anesthesia has been well demonstrated by the work of Gil?uem(}“:%h).
Since, in the present series, only slight fluctustione in hematoorit
ocourred with any glven snimal during a specific sampling time, this
further indicated that the hematocrit was a rather consistent factor
with regard to pentobarbital distribution in whole blood componente.

The only available pentobarbital distribution date regerding
plasma and red cells was published by Brodie ot &(85 ), who reported
a value of 3h.i milligrams per kilogram for plasma end 36,0 milligreme
per kilogram for erythrocytes, which seemed %o repmaanﬁ equal
distriution. Yei, this report did not state the hematocrit value
for the animal so analyszed. Because the hematocrit value was nob
stated, no conclusion could be derived regarding the question in
pointe

Joldhaum and Euith(% )

congluded that a selective plasma~binding
of barbiturate existed. However, they likewise did not iziciuéa ’
econsideration of the hematoerit which, in the presemt study, appeared
to be the primery factor in determining what the final percentage
distribution will be.

However in 1948 Galdbam(m) did show thet the lewel of pentow

barbital present in the plasma of rabbits was dlmost equivalent %o



the level present in whole blood, an observation which has been
substantiated in this serles.

The failure of all previous cbservers to consider the hematocrit
when computing barbiturate distribution within whole blood appears to
be the basis for the erroneous conclusion that preferential plasma
binding exists, at least in the cese of pentobarbital sodium.

In the woric of Fretwurst and Vasa{%} it was concluded that in
the human blood semples which they investigsted, virtually none of
fhs barbiturate was present in the erythrocytes. This was rather a
surprising finding until one realiszes that they "washed" all cells
prior to analysing an observation which will be discussed later in

14ohd of the nrosent -ﬁ’#nﬂﬁ_ngge

[ i PR SARIREEENT e et A

The value obtained in the comparison of serum-pentobarbital
content to whole blood samples taken at the same time was difficult
to understand since serum, per se; represents all the components of
plesma except those utilized in ®earrying out® cloet fommation. Yat
the correlation for plasma=whole blood was much closer than that
existing for serum-whole blood. The difference was especislly
prominent when one notes that the standard deviation in the serum
series was 2L.6 per cent with a statistical ninety-five per cent
ronge of a proximately a 100 psroentage unibs.

Here again one can only theorise regarding the possible
explanatbion for such & deviation. One possible explanstion eould be
that certsin components ;»f sorum enter into the olot formation which
containe approeiable amounts of detectable barbiturate, and thus

remove such from detection. However, analysis of the per cent values
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gained show that of the 19 samples so investigated, 13 had values
greater than the group average, & being grester than 100 per cent
in value,

The possibility of serum trepping within the clot can be
excluded as a variable since all samples were allowrd to stand until
¢lot retraction was complete before the serum samples were removed.

"In conclusion one is left with an unexplanable varistion in
correlative whole blood-gerum-pentobarbital levels since this
relé%imship is spparently subject to vardabilities which have
escaped observation and understanding.

Later, an observation of some interest was made on this particular
series of samples. It was noted that there wers two rather dlstinct
localizations of the values, except for the specimens from animals
No. 28 and Ho. 20 (second run). Ten of the observations fell around
the 100 per cent value, i.e. .an average of 99.5 § 6.2 per cent, while
the remaining seven showed an average of 53.9 & 9.7 per cent or
almost one-half that of the first mentioned group. Careful recheck
of the notes made during collection of these samples failed to show
sny reason for this finding. Such differences were suggestive of
faulty extraction or failure to observe proper precautions during
semple collection in the second group. Howsver, such was not the case,
for all samples were handled in the same way.

Thet we were mensuring the same fluid would seem evident since no
variable was selectively introduced in the second group; yot the ye=
sults would seem to indicete that such exists. Whether this represents

a variability in clot formetion within this animal group is not known.
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There is no available literature which reports whole blood-serum
gorrelation, and thus it was impossible, ab this time, %o add further
evidence regarding these observatlons.

A finding similar to that noted with the serum values was also
found to be present in the elotted samples. The first localization
of results included four samples and the second contained five. The
remaining three specimens, i.e. dog No. 21 and dog No. 30 (samples 3
and ) did not £all within these two groups. The first group had an
average value of 85L.2 & 1.3 per cent, while the second group
demonstrated an average valae of 101 & 3.k per cente The grouping
noted in the clotted samples did not show the wide interval present
in the obeervatlons on sevum and probably represented an artifact
rather than a true difference.

The average pentobarbital concentrstion in the animals where
elotted blood was analyzed proved to be 92.1 # 12.0 per cent as much
as present in equivslent whole blood samples. Such a value shows
8 very pood correlation between blood pentobarbital sontent and that
present in the clote As mentioned previously, the blood clot, as
such, constitutes a particularly interosting semple source for
toxicological snalysis since it is less apt to be altered by ultra-

£139)

violet interfering substances such as embalming flul o Also,

it would appear to give values which are quite valid for medio-legal
pUrposSese

Phe results obtained for the washed red blood cells and saline
washings show excellent correlation. As mentioned in the seetion

on Method, the washing of the red cell's was a delicate procedure, Due
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to the possibility of traumatizing the red cells sufficlently to eause
disruption, it was quite possible that inadequate washing could have
mecounted for the instances where pentobarbital was detected in the
‘washed erythrocytes. In all other eases where red cells were washed,
the lack of detectable pentobarbital allows one to reach the same

conclusion as did Fretwarat and %93(90)

s leesy that erythrocytes
contain 1ittle, if any, barbiturate after washing has been performed.

It was further folt that since washing removed the pentobarbital,
one of two explanations were possible regerding the nature of the
erythroeyte-pentobarbital combination. The first was that amy
barbiturate present was absorbed to the red cell surface without
chemical binding, This probsbly represented s sample physical
attraction sinece it could be romoved by the process of washing.

The second was the poegsibility that the pentobarbitszl present
in the umweshed, packed red cells agtually represents trapped plasma.
The lstter was very unlikely since, for the procedure used for obtain-
ing red cell-plasma separation, it had been demonsirated that only a
small amount of plasme was rctained in the packed %11’(136).

The correlation between whole blood levels and livor levels was
apparently independent of sampling time, provided at least fifteen
$0 thirty minutes was allowed for complete tissue distribution to
oceure However, the findings of 90.5 # 8.0 per cent as much pento=-
barbital in the liver as in the whole blood were far different fraom
the 190 per cent velue as computed from Brodie gt ﬁ(% ) regults
(Table I, fig. h)e HMuch of this difference was based upen the units

used in reporting pentobarbital, i.e. Brodie's being reported in
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milligrams per kilogram tissue, whersas the present work was reported
in ganma per milliliter of liver homogenabo.

The reason for selecting such & unit in the present atudy was
because liver snalysis was performed after prepsration of a semiw
liquid homogenate. Homogenation was considered necessary to insure
that adequate cellular destruction had oscurred =o that complete pento-
barbital extraction could be obtained. A review of the axperimental
notes taken during the extraction of the liver smmples showed thet 20
grams of liver, when minced according to the procedure described
under the section on Method, yielded a volume of from 19 te 23
milliliters. Thus, it was apparent that a milliliter of extract was
approximately ecual to one gram of liver tissua,.

In the cases where a semiw-fluld homogenete eould not be procured,
and an additionsl solvent was necessary (Dogs No. 22 and No. 23), no
marked variation from the undiluted samples could be demonstrated.

From the results of the 19 animals incf{m&ed in this serles, it
appeared that liver vslues for pentobarbitel were approximately 20
per cent that of whole blood values. Purthermore, such a relationship
was linesr and persisted, st least for nine hours, after introduction
of the barbiterste into the animal body.

Maynert snd Ven Dykacm) believed thet the econflicting roports
regarding barbiturate concentration in the cerebrospinal fluid were
dae to varistions im the initial bearbiturate dose and sampling time.
In order to alleviate this situation, it was felit that a comparison
4o whole blood coneentrations might remove these variables., This

(84)

eonbention was strengthened by the work of Brodie and co-workers »
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who demonstrated that a direct proportionaslity existed between plasna
water (plasma wltrafilirate) and the cerebrospinal fluid-barbiturate
level, rrovided at least téziﬁy minutes was allowed for the drug to
eross the bloodw-brain barriér and reach the cistorn. PFurthermore,
Touts(100) concluded that ﬁot only was there a direct proportionaiity
between rlasmawberiiturate level and corebrospinal fluid-barbiturate
level, but that the cerebrospina]l fluid eoncentration and the amount
gémsesms in plasma ultrafiltrate were quantitatively equal.

Statistical analysis of the comparative barbiturate concentrations
present in seventesn plasma-cerebrospinal flvid detemminastions
made by Lous resulted in 52.9 $ Le2 per cent as much barbiturate
found in cerebrospinel fiuid ss in serum. These data were obiained
using an ultrawviclet technigue and were far more accurste than the
colorimetric method employed by Fretwurst and %53(903, who found no
aporeciable diffevence in barblturate coneentration in plasma and
cerebrospinal finid once equilibrium had been reached,

The presont results revealed .2 # L9 per cont a5 much pentow
barbital present in the cerebrospinal fluld as was found in sgquivalent
whole blood samples. This was higher than the value reported by Brodie
et al of 52.9 per gent for cne animal (Table I, fig. L), but once
again comparison was not possible due to the discrepancy between the
two sample sizes, The renort of Kogelks and ?atmwn appeared to
be in direct contradiction %o the data obtained in cur series, They
detected less than 0.1 miliigrams of » enobarbital in 15 milliliters
of carsbrospinal fluid, i,0., less than 6.66 microgrmms per milliltiter,

when samnled eight hours after intravenous injeetion into the animmls,
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However, corresponding blood phencbarbital levels are not reported,
30 again no legitimste comparison could be made. Also, they utilized
a colorimetric means of quantitation which lacked aceursay in the
lowoy range of barbiturste concentration.

The comparison of cerebrospinal fluid barbiturate content to
that present in whole blood also, like eomparative liverwshole blood
values, showed an excellent relationship which was present regardless
of the experimontal campling timee. These findings were important

because of Lous! (100)

conclusion that the barbiturate content of the
corebrospinel fluid represented the ultrafilirate of the plasma.
Farthermore, as svroviously pointed out, Taﬁarwm has shomm that the
ultrafiltrate contains the physioclogically sctive barbiturate
(wmmetobolized dmg)s Since this was the case, and a linear relations
ship existed betwoen whole blood and eerebrospinal Fluid pentobarbital
concentrations, as demonstrabed by the present rosulis, one could
conclude that uliraeviolet analysis for barbiturates was a meliable
means of studying clinicel response to these drugs. This is contrary
to the contentien of Haynert and Van I)yka(?m.

From the above findings one gould further show that the total
barbiturate versus ummetabolized barbiturate {ss measurdd in the
gersbrospinal fiuid) concentration represented a eonstant, dirvect,
linear proportion, at least over the time duration of the present
experiments. A finding similar to this having been reported by Kahnmé)
in hle work with radicactive pentobarbital in rats.

In pooled bone marrow sxirach s the amount of pentobarbital present

wag only 6.3 per cent of thst found in whols hlood samples taken ab
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the seme time. These samples showsd very little depression, i.6. @
standard deviation of only 2.6 per cent. Therefore, althouch the
values were low, their consistency wes so uniform as to allow one
to regard such walues as valid.

As outlined in the section on method, it was first felt that
performing quantitative determinetions for pentobarbital in bone
marrow would glve wariable results. Yet, the data for these
determminations, when compared to whole blood levels, appsared to
zive reliable results. The correlstion demonstrated was sufficioent
to warrant further investigation. However, the practical application
of this information must await modification of the extraction method
used so that 2 more exaot quantitation with duplication of resulis
may be obtained.

Unlike liver and cerebrospinal fluid, bone marrow 4id not regquire
a period of time for the initial distribution of pentobarbital. This
was woll shown in the case of Dog. Ho. 27 where the bone marrow
specimen was obtained within 15 mimutes after pentobarbital injection
(Table IXwE)s Further, the existence of a direct proportionality
between blood and bone marrow seemed evident since the percentage
values showed litile deviation over the variety of sampling times
selected,

The data obtained on the gastric contents following intravenous
or intraperitoneal injection of pentobarbital were inecluded to
determine if any detectable amount of drug diffused, by retrogression,
across the gastric mucosa. In those avnimals given barbiturate via the

oral route pentobarbital determinations were done later to determine
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how much azbsorption of the drug had taken plage. The failure to detect
any pentobarbital in the animale given the drug parenterally indicated
that no reverse transfor occurred across the gastric mucosa.

The recovery data on whole blood was investigated to show that
the method employed was valid for experimental purposss. The average
of 99,3 per cent with a standard deviation of 4 10.8 per cent showed
very good recovery from biological specimens in which mowe than one
manipulation was necessary. These results also substantisted the
previous finding of equality of pentobarbital distribution within
plasma and erythrocytes,

In this work emphasis was placed on recovery from biologiecal
material as the criteria for the validity of the method. One reason
for this was that much of the previously published recovery data,
based on similor unltraviolet methods, were derived by adding a specific
amount of barbiturate to a sample not having biologleal activity.

This procedure appeared misleading snd insecurate because the drugs
which the toxicologist and elinical pathologist are called upon to
detect have undergone certein metabolic chsenges as the result of such
aetivity. Therefore, the only recovery dsta included in this re;ort
was that obtained from bioclogically active tissus,

Of even greater significance, and very gratifying to us, wag
the recovery following washing of the orythrocytes which smounted to
97.8 & 9.2 per cont of the pentobarbital present in the umwashed
cells,

The time required for reduction of the whole blosd barbiturete

concentration to one~-half (50%€) its initial in vivo value was analyzed
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in light of the fact that the initial s'mple were withdrawn LS mimutes
after the introduction of nentobarbital into the animaltls system.

The 45 minute interval was allowsd since, on the average, about 30
nminutes was required for the drug to become distributed throughout the
body, A similar finding has been reported by Richards and Taylor

in their recent review of barbiturate distribution and matabblissa(sa).

The graph (Table X) which resulted from these data showed an
almost linesr decline over the sampling period. Thie was especially
evident during the first sixtyeminute sampling pericds The remaining
60 minutes of the curve demchatramﬁi a tendeney toward a parabolic
shape, a finding similar to that demcnstrsted by Kahn(%) and Brodie
ot a1(89,

Although it was malizéd that such detas represented both umetabolize
ed and metsbolized pentobarbital, it has been shm( 86, 80, L3) thet in
blood and most animal tissues the majority of the measured whole blood
pentobarbital content represented wmetabolized drug. In urine s the
reverse holds true. In the article by Kahn(%) » vwhere the metabolie
and unahariged pentobarbital were sompared, the rate »f decline of both
showed the exponential shape so characteristic of drug destruction withe
in the body. PFurthermore, both were found o be "roughly parsllel
throughout the time observed.® It was this latter finding which
validated the results computed from the observations mode during this
study regarding trends in drug distribution. Also Kahn found a 50
per eent reduction in both botal measured Cy), 2etivity (pentobarbital
+ motebolites) and unchanged drug occurred at the same time, i.0. WO

minutes after initial sampling neried, lending further support to the
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validity of the rasults of this research,

The difference between the results Xshn reported and those
incorporated in this paper was probably due to selection of sampling
time., Kahn took four samples over a four hundred and eighty minute
periond, whils the four sampies used in this study were taken over
only 8 one hundred snd eighty mirnmbe period.

| Brodia's(ss) work was much more difficult to evaluste since he
reported the decline in blood pentobarbital on an hourly basis. Also,
his failure to allow for the distribution of the drug prior to obtaine
ing his initial semple iniroduced a variable which was absent in both
Kahn's results and those reported here.

To gompare these results to those of Taylor et 3}585 ) and Axelrod
(88) » Who reported thelr blood level decline as s rate per hour, was
impossible, As had been shown by Kehn, Brodie €t al and the author,
the loss of pentobarbitel from the blood was not truly linear, but
rather exponentiale Therefore, it was not possible to state the rate
of pentobarbital removal fram the blood as so much per hour, but, rather

in the present study as & "half-life" value, as has been done.



Summary and Conclusion

The experiments reported in this manuseript were undertaken to
ascertain whether or not any correlation existed betw&egx the amount
of pentobarbital present in the whole blood and thg amount found in
other organs and body fluid of the same snimal. The stimulus for
such an investigation wss the paucity of correlative evidence present
in the literature. Also, a consideration of great importance was
that such daba would be of value in taxicolozlcal analysis and in
ganging the response to treatment in cases of barbiturate poisoning.

The procedure used in preparation snd procurement of animal
specimens was ss follows. A dog was given sufficlent pentobarbital,
elther by intravenous or intraperitonsal injection, "é;c:» gain anesthesia.
Next the femorsl vein was exposed so that serial blood samples could
be obteined. In cases whore a fatal outcome was desired the dog
received sufficient pentobarbital to esuse death. In the latter cases,
the liver, femur and cerebrospinal fluid were cbtained for snalysis
in addition to whole blood,

Pentobarbitel was extracted from the blological material by
altering the pH and using chloroform as the solvent. The chloroform
was then tréatad with sodium hydroxide~boric acid buffer to recover
the pentobarbital. The resultant solution was analymed in ﬂm 1ltrge
wiolai; specirophotometer with quantitotion obtained by application
of' the Bouguer-Bear law,.

A tobal of 38 dogs were included. Not all the snimals were
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included in every observation made; however, an adequate number were
present in each category to allow some conclusion to be drawn.

The results of an attempt to correlate whole blood pentobarbital
content with that present in various dog tissues and fluid deronstrated
excellent correlation for ¢lot, liver, cerebrespinal fluid and bone
nervow; however, serum failed to show a consistent relsationshipe.

With respeet to the amount of pentobarbitel found in whole blood
at the time of animal swakening, it was noted that s much lowsr valune
was present in the dogs piven or-l medication than those receiving
it by parenteral routes. Furthermore, it was found that the awakening
pentobarbital blood level is not influenced by inereasing the dosnge.

The distribution between the plasma and the eryihrogytes wae
found to be equal and the major factor which determined the barbiturate
distribution in whole blood was the hematoerit value.

Wurhhenmm s to demonstrate the validity of uliraviolet spectro-
photometry as an instrument in clinicanl diagnosis it was demonstrated
that the amount of pentobartital measured in the whols blood was
direotly proportional to the amount of physiclogical active barbiturate
present in the bloods It was also shown that thls relatlionship was
parallel and dld not vary over a prolonged sampling period.

Finally, the rate of disappearance of pentobarbital from the
blood wae tabulated, the resultant graph showing the exponential

gurve sc characteristic of drug excretion in the body.
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APFENDIX

Legend of Abbreviations Used in Following Tables

Abbreviation

W,B, or W.Blood
B, or B.Marrow
B,

CaF

L. or Liv.

Po As

B, or Ber.

Ce

B.B.C.

WeCs or Wash. eells
8.W, or Sal, Wash.
Het. |
exte

term. or T,

1.7,

I.V,

Smﬂ'

Hax.

ReanLug
Whole Blood (with anticoagulant sdded)

Bone Marrow

Blood

Cervebrospingl Fluid

Liver

Posteanssthetie

Serum

Clot

Red Blood Cell

Washed c¢ells {red bloocd cells)
Saline Washings from red blood eells
Hematoerit

Extract

‘Terminal or at time of death

Intraperitoneal
Intravenous

Spectrophotometer with Ultraviolet (U.V.)
atbachment

Haximum « referring to in the ultrasviclet
spectra



12
204
21
22

23¢

2l.
25.
26,
27.
28,

29,

Abbreviation

R

M,

Fe

Pe

Ce

Gme

mle

ngMe OT Mge
Kge

GCe#

¥

o

Hewm,

Pantobarbe. or Pento
Sam, Noe

Hin,

Barba,

TeDe

87

He ni.ng
Route of Administration

Male

Pemale

Plaana

Coll (red blood cell)
Grams

Miliiliter

milligram

Kilogram

cubie centimeter

gamma (a gamma is equal to a microgram
u&m)

nillimderon

Nembutal (same as Pentobarbital)
Pentobarbital

Sample numbey

ninutes

Barbiturates (refers Lo them as a olass
of drug)

Total dose

#milliliters and cubic centimeters are used interchangeably and ave

assumed to be equal.

nl. » ag,



37.

38.
32

40

L2.

13,

hlie

Abbreviation

Sampling bime

hra.

Dose of Drug

Time interval
in minutes

Total amount of
drug given during
time interval

Type of Spegimen

Dng Noe

e 1evel in §/ml.
(unouaiified)

B, & B, Method

88

Nesning

Refers to the time, in mimates or hours,
interval between the time the drug
was administered and the time the
gsample wes taken for analymsation.

Amound
hours

Actual amount of drug the animals have
recelved durin: the experiment from
the initial dose to the time of
sanpling inclusive.

The time period which has elapsed from
the initial dose of the drug until
the perticular sample ia question
was drawn.

Refers to the total quantity of drug
. given %o tho animal previous to
withdrawal of the sample in qest-
ion.s This includes the initial dose
of drug.

Refers to the nature of the biologieal
sarple which has been analysed for
drug content.

This iz @ number assigned to each
animal used in this particular
series of experimemts on drug
distribution, recovery, etc.

Refers to the caleulated drug as
obtained from procedure used
{Brackett and Bradford).

Brackett and Brad ord method for drug
analysle in biological material
(1952},



Abbreviation

47+ Theoretical level
of drug in ¥/ml.

k8. Amount of Drug in
P or C portion of
We Blood
X/mlq of W, Blood

k9. Plasma and Red Cell
breakdosn §/ml. W.B,

50. Theoretical value
for “-ﬂo & 80“0
&/ml. R.B.Co

- 0P e
Theoretical recovery

value for S.W.
§/ml. R.B.C.

89

Usening
Refers to the drug level which should be

found due to finding in a group of
components of a partieular biological
material, i.0., the plasma or red
eell drug level/ml. should equal the
level found in whole blood, if the
drug is equally distributed between
the two components of whole blood.
Conversely, the mltiplication of the
red eell, plasma, and whole blood
levels by the hematocrit, in %,
should give equal results assuming
equal distribution of the drug,

See the explanation of L7 under i.e.

Same item as 48. Only the nsme was

changed, the results are gained in
Ehe same manner as is outlined in
Te

Prior to B=15~55. The amount of saline

washings gained where 3 times as

much 89 the red cells that were
washeds The theoretieal value is
computed on the basis of the amount
of drug that was present on the red
cell prior to washing, subtracted
from the amount of drug found to be
present after washing. The amount

80 computed should be equal to the
amount found per ml. of saline washe
ings multiplied by 3 (this ie done

to equalibrate the saline washings to
red cells used)s The new procedure
for washing red cells will use 6 times,
rather than 3 times, the smount of
cells washed; thus the figure which is
gained on a ml. basis will have to be
multiplied by & in order to evaluate
it in light of the theoretical recovery
valuee The value of saline washings
should represent the amount of drug
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Abbreviation E_l;gn_i_:_ng

adsorbed to the surface of the red cell,
since care is tsken not to rupture

the cell membrene while it is being
washeds The value of washed cells
should represent either the aucunt of
drug which remains adsorbed to the red
eell (incomplete removal during washe
ing), or & quantity of drug whieh is
contained within the red cell itself,
and is only released when the ¢ells
are hemolysed (as they are during the
extraction phsse of the amalysis,
where they are shaken in a chlorofom
solution with a pH of Leb)e

51. pesos op 0" Oral route of administration.
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TABLE IVef.

Composite regords of the pentobarbital content in the
whole blood, plasma and erythrocytes of dogs.

Sam= Dose of Sam~ o

ple Pento~ Rou~ ple W,Blood PFlasma R.B.C. Hematocrit

No. barbe te Time level Level Level Flasma R.2.Ce
Lo ' X/ nﬁ.’: E?mf.

1 35.20 I.V. 105 LB.25  39.65 LL.BE 61l.9  36.1
2 35,20 I.Ve 150 35,50 36473 28,98 60.h  39.6
3 35,20 IV, 180 28.36 25,98 27.32 61.5 8.5
L 35,20 IV, 210 20,76 19.98 20.70 59.8  L0.2
SPA 35,20 IV, 255 15,36 13.92 12.65 ‘

1 30,30 I,P,. 60 35.52  29.87 3Le50 51.7  L9.3
2PA 30,30 I.P, 180 15.76  18.92 16.56 51.7 193
) 27.30 1.V, 90 25,42  26.86 31.20 5he2  LS.8
3PA 27.30 IV, 210 10,90 13.20 12,10 55,0 L5.0
p | 37.10 1.P, hs  65.82 Sli.80 59.27 59.7 1103
3 37.10 I .Pe 120 39.91 h1.08 36,56 58,6 Ll
La 37,10 I, Pe 150 30,61  28.76 31.56 59.1 40,9
Lv 37.10 I.P. 150 29.55 32.66 30.92 6l.3 38,7
5 37,10 I.Pe 180 23,76 22,45 21.81 59.2  L0.8
1 80.00 I.P. 30 1&2.@{3 139090 1!&2060 }-3903 5‘;'7
27 80,00 I.P. 85  7B.96  81.32 76,66 52,6 L7.4
1 32.5 I.P. LS  h2.78  39.42 L1.68  68.7 313
2 32.5 I P 90  3L.19 35.42 33.27 5942 L0.8
3 32,8  I.Pe 120 26.5h @ 27.00 25,09 6hesS  35.5
L 32,5  T.Pe 150 20,18  20.94 19,00 9.0  31.0
SPA 32,5 I.P. 180 16,56 15.48 15,72 62,1  37.9
1 30,00 I.P. kS  6h.50  $6.51 60.95 Lh2.0 58,0
2 30,00 I.P. 90 LheBL L4048 38437 Lh.9  55.1
3 30,00 I.P, 180 22,91 28.62 24,06 L40.0  60.0
LPA 30,00 I.P. 235 19.36 20.54 15.73 L8.1 £l.9
1 L7.08 I.Pe 360 71,65  72.86 69.35 52,7  Lh7e3
2T L7.08 I.P. 380 65,72  73.55 68,91 55.1 Lhe9
1 42.00 I.V. 180 3Le80 35,20 35.72 S5he6 LSk
2 h2.00 IV, 210 29.83 30,20 31.00 5She6 LS.k
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Whole blood, plesma, erythrocyte concentration of pentobarbital.

Dog

Same
ple

Dose of
Pento=

‘I_‘f'g& Hoe baxrbe

10

i §
i2

15

16

17

18

19

£ B Ao W Be a2
5 R L 3 R ot

» >

CVE W R N

=

\3}&:"\& PO §e3

L

39.32
39.32

36073

35,40
3540
35,40

31.60
35.50
51.86

32,00
32,00
32,00
32,00

32.75
L3465
143,65

31.20
31.20
h7.60
47.60

2h.50
i&l. 00

hS.20
145.20
L5.20
45.20
15420
115+20

L,8.56
53408
53.08
53,08
53.08

WeBlood FPlasma

2e

Smw

Rou-~ ple

te Time ILevel
v, 15 31.00
I.Ve 150 L0.00
IJ. 24,0 27.80
I.V. 300 23.86
I.¥. 360 17.5
1.7, 30 36.20
1P 110 5L.50
I.P. 165 B82.36
I.Y, 30 27.10
1.V, 60 30,22
LVe 120 22,19
IV, 165 17.63
1.7, LS  21.35
I.Y. 21;0 29 e ?5
I.Ve 310 17.09
Io P, 35 342 ® 35
I.P. 90 26.63
I.P. 280 24,25
I,P. 325 19.87
IV, 25 29.55
IVe 125 24,35
I.P 70 143.00
IP. 150 56.97
Io Pn 210 iAl.h,O
I.P. 255 35.42
TPe 330 20.73
I.FPs 390 17.56
I. P 60 18,00
I.Pe 120 27.90
I.P. 180 21.L5
I,Ps 240 22.55
I.Pe 355 22.65

Tavel

*

29490
25.36

3700

2420
18.08

32,00
Li6e22
860}45

29440
32.10
23.0h
15.86

32.20
30.95

L&S.l{)
29.50
23.45
20,01

L1450
25.10

171.00
Bl e 29
39,87
31,30
25.03
19.22

15.88
22.42
20,50
21.10
23.65

R.B.C.
Level

¢

32,04
25,08

39,05

30475
22,90
17.96

35.40
51.96
76432

29.40
31.11
22,59
16.32

2L.80
25,10
19.86

lost

21.90
30,75
18.56

24,80
17.70

151.80
58,82
37.65
32,86
22,98
17.L0

16,10
19.70
21.545
23.59
21.88

_Hematoerit

Sma slie
L8.2 51.8
Lf,go? 5163
37.3 2.7
Sh.6 LS.k
5500 ;.@500
5540 15,0
66.6 33 oh
66‘ 0 ,31)-3-.0
6.0  3h.0
.0 36.0
5h-5 3505
61.9 38.1
&0 IQGOG
52.9 1761
51,0 L9.0
SL.0 L9.0
4B.6  Sl.h
L9.0 51,0
5243 L7e7
51.0 9.0
6906 3109
5340 L7.0
b7 5063
5206  U7.3
52.0 8.0
S}-%l 2«‘«509
55.8 hli o2
5247 b7e3
6501 369
65.0 350
6h.2 35,8
63.8 36,2
€h.8 35.2



(Table IV-4)
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Whole blood, plasma, erybhrocyte concentration of pentoberbital.

Same Dose of Sam-

Dog ple Pento~ Rou= ple W,Blood FPlasma
Ho, Noe. Tbarbe te Pims level Jlevel
m ° &’; HO
20 1 h2.h0 MO 360 15.90  17.05
2PA  h2.h0 "0 - h20  13.25  12.91
21 1 47,65 TI.Pe 90 99,00 122.20
2 }L?Oés ‘ Io?o‘ 106 78’1&2 820%
3 1-!7965 IQP. 3.35 hs. ?5 héo 20
b 7,65 T.Pe 165 37.56 38,30
S 14?065 I.Pe 195 30, 86 29 050
6 h'?.6§ I.Pe 225 21@1.86 21.&.91

MPA L7.65 T.Pe 265 17,56  18.02
25 1 27.10 1.V, 60 31.40  25.80
2 30,97 1.7, 90 59,90  5he90
3PA 30,97 I.V. 115 3h.67  35.40
20 1 67,80 Mmo® 125 19,10  1B.65
3PA  67.80 mo" 180 13.30 11.08
2 1 36,00 I1.P. 95 15,92  15.85
2 36,00 I.,Pe 190 39.20 36,20

3T 145,00 I,Pe 350 3L4e95  38.97

7 1 28,60 1I.P. 60 19.66 214447
2 31.46 T.P. 180 Lh2.70  19.40
3T 32,89 I.P. 20 LiB.62 1i8.36
23 1 5he60 IV, 195 15.48  16.U0
2 She0 X.¥e 255 13.68  21.80

3 57.70 I.¥. 315 33.60 27.25

LT 68,085 IV, 590 115,90 113.30
?—6 1 30.90 TP ?Q l&lo E;é hs. 80
2 30,00 I.P, 80 L3.00  L5.50

27 1 60.00 I.P. 90 35.30 38,30
2 éﬁom Iu Pa 1m 315»095 32&055
3 60,00 I.Pe 210 33,00  37.40

h 60,00 I.Pe 270 3740 29,00

£ 60,00 IL.Pe 330 25,80  23.95

Rﬂ;alcﬂ

Level .

31.&5‘

14.61

107.10
The 86
h2.98
35Tk
30430
22,5k
16,55

29,40
65.30
32,60

1400
22.15
19.85

16,32
36480
3,3 o’ﬁ’ﬂ'

25457
32.35
39.47

18.58
11.45
17475
111.80

46.32
17460
16470

32.50
29,20
36.90
33.95
22,75

Hematoerit
ona Helia
lile3 5847
h?.(} 5309
55,6 Ll
5540  L45.0
5&.9 ’45-1
550@ 2&509
5667 B3.3
Sis8 Li5e2
552 LheB
6.2 35.8
591 L0.9
61.9 38.1
5.9 58.1
L2.0 £8.0
L2.,0 58.0
6248 37.2
66,0 3L.0
63.569 3501
58.i  Ll.6
940 Ll.0
58,0 h2.0
68.1 316
657 3h.3
6640 3440
69.1 30.9
51.0 L9.0
5247 L7e3
506  L9.6
60.0 h0s0
6.9 38.1
5&00 2.!.606
60.0 40,0
58.2 k1.8
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Whole blood, plasma, erythroeyte concentration of pentobarbital.

Sam=- Dose of Sagi-
Dog ple Pento- Rou- ple ¥W.Blood
No, No, barb, te Time level
mgm/ ke
28 1T«A 120,00 I.Ps 15 93.60
1va 12@¢Qﬂ Io?o 15 h?cﬂﬁ
2% 1 32,00 I,P. ks  3k.86
2 32,00 I.P, 90 25,80
3 32,00 I.,P. 180 20.64
Lra 32,00 I.,Pe 180 .89
ST 32,00 I.P, 245 10.04
30 1 36,00 I.,P. L5 52.k9
2 36,00 I.P. 90 L0.90
3 36,00 I.Pe 150 27.92
b 36,00 1I.Pe 180 20.90
BPA 36,00 I.Ps 225 17435
31 1 The285 I.P. 30 102,40
27 Tha25 I.P. 60 B9.26
32 1 80.25 I.Ps 35 111,50
2 80,25 I.P. 60 99.25
37T 80.25 I.P, 100 80.2%
33 1 Bo.,00 I.P, 25 79,36
2 86.09 I.Eo 60 91&56
3r 80,00 I.P. 80  79.42
3b 1 96,00 I.Pe 20 109.25
2T 96,00 I.P. LS 9k.36
35 1 35600 TP, kS ﬁ2063
2 ‘35.00 I.PQ 90 32056
3Pa 35.00 I.P. 180 17.2h
LT 65.00 I.,P, 300 B2,56
36 1 6230  MOM 150 19.82
P 62,30 moe 210 25,36
3 62,30 wo® 270  2L.60
L 62.30 mQn 330  20.75
EPA 62,30 ®0" 310 1h.26
31 1 30,00 1I.P. 60 27.90
2 30,00 I.Pe 105 24,50
3P 30,00 I.Ps 165 18.25

Flasma
Lavel

7N

92450
16495

34455
23495
19489
15.21
11,01

6C083
332k
29448
21461
15642

92.83
9h.82

1159.30
101.40
82.56

80,80
89.30
81.45

122,60
99.80

38.27
29445
16.85
96,05

18.29
26420
25490
18434
12,92

29435
22496
17.30

ReBuCo
Level
5;mi.

883.30
56460

29420
22,75
20,01
175
16400

6,20
30465
27421
19.L2
15,98

107.20
8590

115,60
93.26
81.8u

69.32
90431
83.6k

116.30
92.31

1010
31.38
20,92
7905

20,15
2700
22.8L
16455
13.32

30420
2L;.05
15.27

Hhmatacfit

3 5ma elie
590 110
5847 L1.3
601 39.6
520? h?éS
5Bels hi.6
60.Q k0.0
5908 h0.2
Loe7 5043
48.5  51.5
5249 L7.1
50.0 5040
L7.2 5248
6005 39‘5
573 h2.7
5501 Lhe9
5501_ hho?
52.7 L7.3
63.5 36,5
65.2 3heB
60.9 3%.1
5le0 L840
She0  L6.0
58 Ul.6
6042 39.8
58.6 kl.h
She5 LS5
62.1 37.9
€0.5 39,5
68.2 31.8
690 31.0
o7  35.3
5606 L3k
Séoh ) h}.é
5540  L5.0
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hole blood, plasma, erythroeyte eoncentration of pentobarbital.

Sam= Dose of £

Dog ple Pentoe [Rou= ple W.BElood Plasma R.B.C. Hematocrid

Mo, HNo, barb, te Time Jevel lavel level sma  HaB.Ce

m ‘e Xﬂir: Xfﬂﬂ:

38 1 35.00 I.P. LS  bLheSh houo96 1.0 5%.1 10e?
2 35.00 I.F. 90  35.16 36.20 3heh0 59.0 hl.0
3 35,00 I.P. 120 26.50 2432 27.90 59,0 41.0
5 35.00 I.Pe 100 17«2 = 18457 17.75 60,0 1040
6PA 35,00 I.Pe 215 1he36 15.60 13.95 5843 Lle?
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TADLE IV-B

Composite Record of the Pentobarbital Concsnbration in the
Various Tissues and Body Fluids of Dogs.

Som~ Wash- Sale Bone
ple ed ine £.8.F, Marrow Liver Serum Clot Gastrie
Ho. ReBaCo Washe Level Lovel level Level ILevel Content

° E?mo E;‘Eo an K?EI- H"Ho J’F;I. . K?Mo
1 0.00
2 0. 00
3 0.00
4 0.00
5PA 0.00
) 4 0.00
2PA 0,00
1 (e U0
2 0.00
37
i 0.00
2 0.00
3
LA
hv
5
6PA
1
27 54.40  1.86 76.2L
1
2
3
L
5P4
3
2
3
Lra
1
27 L!g 93 il-h 27 61099
1 34.00
2 2770



{TaTLE IVaB)

Various Tissue and Body Fluid Concentration

of Pentobarbital
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15

16

17

18

19

’ Bone
Sam. Washed Sal. CeS.Fs Marrow lLiver

Ho, R.BsCe Wash, Level Lovel Level

K L 2 L L] ¢ L]
1
2
1
1
2
3PA
1
2
3T Bhe56 2486 59.8%
1
2
3
LPa
1
2
3Pa
1 39.07
2 2he2h
3 28.32
Lra 19.14
1
2 1.90 15.63
1 1,02  138.76
2 5212
3 Lo.92
b 30,50
5 22,52
éra
1 1he36
2
3
L 21.97
gy 18,76  1L.20 1.93 26.7%

Serm
Level
é’m.

35430
25,21

37.25
21.86

Clot Gastrie
Level Content

i,

a



(TASLE IVed)

Various Tissue and Body Fluid Concenbration of Pentobarbltal

Dog
EE& Ho, R.BR.C. Wash. level Level
= NJal. “al. yni. ~¢/mie
20 1 2,08 19.32
2P 13.28
21 1 110458
2
3
I
5 32,52
é 19.156
TPa 15.32
25 1 25460
2 1.0  59.27 ,
3PA  3.70  30.2h  17.24  hLekO
20 1 16,78
(2nd 2

Tone

Sam., Washed Bale. Ce5aF» Harrow Liver

run) 3PA  1.69  20.143

22 1 2.86 12.84

2

3‘]'_' 23ch2 30@5
T3 22,6,
(2nd 2 31.85 |
run) 3T 37.91  27.52 2.09

kT 3468
23 1 1,92 ’

2 13.00

3 1h.04

hr 106,88 T6.5h 2,70
26 1

2

3P 19.35
27

VL ET W

Ievel

29,10

29.85

1,56

911086 .

Serum
level

Shli0

10.56

2L 70

23.75

8.31
50,10

Clot Castric
{ovel Contemd

3/ mle

66.30

1110

33.14

10438

1.k

1079

38.72
2.86
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Various Tissue ond Body Fluid Concentration of Pentobarbital

~Hone
Nog Sem, Washed Sal. C.5.F, Marrow Iiver Sexum Clot Oastric
No, Nos R.B.C, Washe Level level lovel level Level Content
{ h?ao . _m ® X;EIO ° r?mf.
2y 1 h5.15
2 33,07
3
1 8,02
2
7T 29,75 21,50 123 32,00 33.65 31.26
8T 1.00 27.15
26 1T-A 1,13 91,73 12,15 100 1he32 110,60
17V 5. 60 93410
29 1 25.45
2 22,65
3 20650
LPA  1.06 15,28
5T 6025  oT6  9.86
30 1 591 5le20
2 38.64 L2494
3 18.27 30.48
b 21.54 18,62
5PA
n i 101.05
27 56,20 5,73 752k
32 1
2
3T 52,86 3.26 72.86
33 %
3T 55,46 6,20 62,01
hT 553-213 5'006 6 &-5}&
3 1 ,
27 S7.25 6.9 98466
37 6.96 90,58



(TABLE IVeB)
Various Tissue and Body Fluid Conecentration of Pentobarbital
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Hone
Dog Same WVashed Sale  C.5.F, Marvow Liver Serum Clot Gastrio
Ho, Nos R.B,C, Weshs level Level Ievel Level level Content
X ° /i Le ﬁﬁc d’;ﬁo §/mle K/ﬂI:
3% 1
2
3P4
Iy 56022  Le63  71.56
ST 5.01 7936
6 1 82.73
2 0a 91
3 0. 00
b
SPA
37 1
2
384
38 1
§
b
5
6PA



TABLE V

Animal Sex-Yeight Distribution

Animal Number Seox Wed ht in Kilogrms

1 Female

o Fenale

3 lale

h Famale

g Male

6 Male

7 Male

i Male

9 Male
i0 Nale
i1 Fomale
12 la}e
13 Pemale
1k Male
15 Female
16 Female
17 Fomale
18 Female
19 Male
20 Hale
21 Female
2024 Male
22 Male

T2 Nale
23 Nale
2L Female
25 Male
26 Male
27 Hiale
28 Male
29 Female
30 Hale

* «2, this refers to the second set of samples which
were drawn from an animal previously sampled.

14420

8.25
15,60
10.50
18,60
2he30
21400
13.40
10,00
12495

980
11,00

7.60
17.80
11,00

7.70
12,20
1,00

6,80
29.50
19,50
29,50
10600
21,00
14450
10.90
15,50
14,00

© 900

9600
13.45
21,70

101



TABLE ¥

Animal Sex-Weight Distribution (Con't)

Fomale 10450
Male 13. 70
P omale .}.5 ng
Femele i2. 50
Female ' 16i30
Male 27 30
Female Te 50
Penale 1k 70
Average .70

Stendard Deviation $ 5.9h
95% Range 3.06 to 26.3h

102
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TAHLE VI
REAGENTS, APPARATUS AND PROCEDURE USED IN EXTRACTION.
(1) Reagentss |
8« Saturated potassium dehydrogen phosphate. - Analytical reagent
grade dissolved in distilled water until saturation coccurs.
be Ohloroform - Reapgent grade, not further puri.fied._
¢e Sodium hydroxide solution 0.06LH. - M- de by dilution of
at‘andardisoﬁ 0s2 N sodium hydroxide with distilled water.
de Boria.aaid solution Ou1Ms = This solution ie made such that
when the 0.1l Boric acid is added to an equal volume of O,08LN
sodium hydroxide, the pH of the resulting solution os 9.4 4 Gl
{2) A&pparstuss
as 60 ml. separatory funnel.
be 10 ml. snd 25 ml. ge.s. graduate eylinder.
¢e Small funnel,
de Whatman No. 4O filter paper = 9.0 em.
es 10 co. syringe.
fo 15<G Spinal noedle - square tippeds
ge 20 ml. centrifuge tubes and S0 ml. potato tubes.
he Beckman Spectrophotometer Model DeUs with ultre-violet
attachment.
(3) Extraction Procedure:

a. A2 ml, somple volume was used for extraction.
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(TABLE VI)
be Add sufficlent satureted potassium dihyirogen phosphate
solution to adjust the pH to between k.5 and 5.0, (This
usually required 1 ml./ml. of whole blond, plasma, etce)
ce Next is added 2 ml. of the particular spceimen %o be snalyszeds
do Shake vigorously for one minute, then allow phases to separaste.
@s Draw off chloroform layer through a No. LO Whatman filter into
a 25 mle g.s. graduste cylinder. Record the chlorofora volane
(V)e This reprosents unimown acid fractions,
£+ Add a volume of chloroform, (egusl to Vi, to another Second
25 ml. ge8. graduste cylinder. This represente the "blank™ acid
Praction.
ge To both cylinders, the unknown and the blank, add 2.5 ml. of
0.06) N-HaOH, - |
h. Shake both cylinders for cne mimibe, then allow to stand fer
approximately ten to fifteen mimutes so phases will separate.
i. With 10 cc. syringe, fitted with 15«G needle, the upper eight
to nine ml, of the two gylinders ic removed and each portion,
after instilliing in proper tubes, is placed in centrifuge and
rotated at 3000 rpm for ten minutes. (This gives a much sharper
1ine of demare-tion between ohases, than thet obbained using
Brackett and Bradford's originsl procedure.)

Je Transfer 2.0 to 2.4 ml. of upper aqueous phase (sodium hydrexide
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(TABLE VI)
extract) from both unimown and blank, to a clean 10 mge geSe
graduate oylinder.
ke To both é:;rlindars is added a volume of 0,1M Boric feid equal
to that of Sodium hydroxide exiract and they are mixede
1. The extracts are now transferred to the img Beckman silicon

cuvettes and sre now ready for ultraviolet analysise.

#In their early work using this method Brackett and Bradford felt that
1 ml. of specimen was sufficient; however, after repested comparison
of analysis and numerous pilot runs, which varied only in the sample
volume used, it was found that for practical purposes, a 2 ml. sample
size resulted in best percentage recovery. Hence, in all exbractions
performed, unless otherwise speeified, & 2 ml. sauple volume was used.
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TABLE VIX

Whole Blood Pentobarbital Concentration at Time of Arousal

A. Intraperitoneal Route of Administrations

Animal Dose of

& ga HB18

Pentobarbital

Numbeyr Pentobarbital Concentrstion Average Deviation R%‘EG-
mgne/Kge a’m?ﬂ' Ful.— g/l ¢/mle

2 30.30
k 3710
6 32,50
| 30,00
16 L7.60
18 L5620
21 k7. 65
26 30.00
29 ‘32,00
30 i 36.00
35 35,00
37 30,00
38 i 35.90

1
f

15.76
18.76
16456
19.36
19.87
17.56
17.56
18,10
1L.89
17.35
17.2h
18.(;,3
ihe36 1740 £ 16 iel7w=
20455

B, Intravenous Route of Administretions

Andmal Dose of

T Btabistical ANalyois
Pentobarbital _ Standard 55

Numbeyr Pentobarbital Concentration Average Maﬁian mfg
mee/ Ko ¥/le 3/mle /L 77
1 35.20 15.36
3 27.30 10.90
12 35.40 17.5h
11} 32.00 1763
15 h3O6§ 1?009 15. 70 i 208 10 013""

21.27
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(TABLE VII)
Whole Blood Pentobarbital Concentration at Time of Arousal (Con's)

Gs Orsl Route of Administrationt

Etabletical lnl;‘wi@ 18
- Aniwsl Dose of Pentobarbital : anda

Humber Pentobarbital Concentration Averase Deviation Range

mgie/Kge —om. /mi.  ymi.

20 k2150 13.25

.72

‘D, Entire Series of Animals:

“Bteb.sbical Analysis

Andmal Dose of Pentovarbital Standard :
Number  Pentobarbital Concenbration Avera? Deviation Range
meme/Rie ¥ 4 mle ¥i . 74 TLe

1643 $2.3 1199~
20,87
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TABLE VIII-A

The Relationship Between Pentobarbital Dosage and Whole Blood
Coneentration at Various Time Intervals Following Parenteral Injection.

Time m Hinutas atbor Pent-.obm~bita1 T%atinn
L

Dosage A%
Ranpe 0415 min. Eﬂ mia. 90 min. 120 mm. 150 min. 180 min,
msjﬁg pw.gﬁ Pge/nle JEe/mle  pge/ml. pge/ml. pge/nls
2503 2:) 29055 2hi92 19037
L2478 340 25.42 19.66 20,20  15.76
61450 35.52 Lie81 20,64 20.18 16,56
30.0 2.5  27.10 L1456 20464 2645} 1h.89
L5.35 27,90 34.19 22,91
36420 21.35 25.80
34.86
42,63 32,56 26,50 35,50  17.2L
37.5 2,5  65.82 35,16 29455 29,65
Isho 5L L8490 31.00 23.76
116,60 40,90 27.92  20.90
21.7%
6040 2.5 35,30 34,95
142,00 78.96 80425
80.0 2.5 111.50 99,26 79.42
79.36 9156
95,0 2,5 109.20 9ke36

# Whole blood laevels are expressed in gemmas/milliliter.
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The Relationship Between Pentoborbital Dosage and Whole Blood
Concentration at Various Time Intervals Following Parenteral Injection.

Ao For the Dosage Range of 30.0 § 2.5 mgm./kg.

~Wino in Winutes

sm; mino : 65 mine Tie nine m mine. m mine
Fg.?ﬁ. }Jg.fmr._ F&g-fmr;_ };lg.? Ho }lg./mr:“ Pgofmr
6ly 50 35.52 lilie81 20,6 20,18 16456
27.10 Lll. 56 20;&& rfén S}A 11»3»089
36.20 21.35 25.80
3L.86
Average 1.30 31.60 30.20 22,30  20.20 1760
Sﬁandard .
Ih"@‘iﬂ‘tiﬂﬂ 12,70 7-6@ 9050 30 ?D Qe 00 3060
95% Range  18.L= 16e 7~ 11.6- 15,0 0.00 1005w
66,2 6.5 _LS.8 29.6 _2heT

B, For the Dosage Range of 37.5 £ 2.5 mgme/Kge

O#15 min, 60 nin. 20 min, 120 min. 150 min. 180 min.
‘}1{«‘:0 . }zg.?ﬂ. }zg.; EIn )xg.?nf._ }zg- ® "oiﬁ.
52,49 3935 h8.25 39,91 L0.00 28.36
2,63 32,56 26050 35450 172}
65- 82 350 15 390 55 29 065
Lidyo Sk 48,90 31,00 23.76
46,60 110,90 27.92 20,90
21,75
Average 50,140 39.35 hl.20 33.20 31,00 2400
Standard \ .
Deviation g 0&0 e 0{} Te &Q e f;{} &o 30 5 o200
95% R&ng@ 32 600 0. 00 26. T mlé“ 18. 7"" 13.3"’
_ 68.8 5547 5.8 3.3 3L.2

# Whole blood levels ars expressed in gammas/mil1iliter.
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TARLE IN-B
Comparison of Whole Blood-Serum Pentobarbital

‘ Per Gent

Animal Sample thole Blood Serum Pentobarbital
Humbey Humbey Concentration Concentration in Serum

Pj}; ‘7 l!l‘i ° P&, s/ Elio ’

9 1 3L.60 3Le00 9843
2 29.83 2770 93.5
10 1 31.00 34430 110.6
2 211,90 25,21 101.2
11 : L0.00 37.25 23.3
o ¥ 2 23.86 21.86 91.6
21 1 99,00 Sh. 40 5he9
20w2 3 13.30 10.56 7944
22 2 39.20 2L.70 , 63,0
72 3 L8.62 23.75 LB.8
23 2 13.68 8.31 6047
L 115.90 5010 43.2
26 h L1.56 17.08 k1.0
2l T 32,20 33.65 10h.5
28 1T=4 93.60 110.60 118.2
30 1 52419 5lia91 10L.6
2 L0.90 38.64 9.5
3 27.92 18.27 ESels
s .61 215k 103.1
Statistiecal Analysis: Average 82.6
Standard Deviation 2o 6

95% Range 3leb=130.8
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TABLE IX=C
Comparison of Whols Blood-(lob Pentobarbital Congentration

FPer cent ronto-

Animal Sampile Whole Blood Clot barbital present
Number Numbex Conecentyration Coneentration in ¢lote.
. Wne/nle P/l
21 1l 99000 66430 (70
20w 3 13.30 11.40 85«7
22 2 39.20 33.1k : BLe5
12 3 L18.62 40.38 83.1
23 2 13.68 11.41 83.h
26 1 hl.56 L0 79 98.1
2l 7 32.20 31.26 97.1
28 1 93.60 93.10 99,5
30 1l 52449 5l1.20 103.3
3 27.92 30.48 109.2
L 20490 18.62 9.1
Average - 92,1
Statistical Analysiss Standard Deviation -12.0

95% Range = 68.6 = 115.6
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TARIE IX-D

Comparison of Erythroeyte Pentobarbitel Content to $hat Present in
the Washed Erythrocytes and the Saline Washings from these Erythrocytes.

Animal Bample % lwin Saline e

Nuamber Hhumber % in R.B.Ge ashings cove

16 3 | Hone Lost -
2 None 110.7 11G.7
3 Hone 92,1 9241
i None 103.1 1031
17 2 642 88.3 a8
18 ;4 0-7 91k 92.1
2 None g%oé 88.6
3 None 108.7 108.7
I Nona 9248 92.5
g Hone 98.0 98,0
Iy Nene 931 93.1
5 Hone 350? 350?
20 1 Yo7 90.1 - 99.8
2 None 709 90,9
21 1 None - 103.2 103.2
1 Hono 107.3 107.3
é None 85.0 85,0
25 1 Hone fy?tl 87 3
2 1.6 90.6 924
3 11.3 92.8 10h.1
20=2 1l Hona 119.9 1199
3 Je5 1029 11l.h
22 1 17.5 7847 962
T2 1 Nona 88.% 88.5
2 None 98.5 96.5
3 Rone 960 0 96. 0
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{TABLE IXD)

Comparison of Erythrooyte Pentobarbital Content to that Present in
the Washed Erythrocytes and the Saline Washings from these Erythrocytes

Nﬁ:.‘:nai Sampie ;‘ ' ¢ in SaLine in
ber Humbey in R.B.Ce Washings ecovery
T 4

23 1 Hone 8043 80.3

2 Hone 1:1.305 11305

3 Hone ' B3.6 83.6

b None : 95.6 95.6

26 3 None 115.9 118.9

2h i None 93.5 - 93.5

2 None 101.6 101.6

I Hone 10k.2 10i.2

7 Hone 87.8 - B7.8

28 Ttk le3 103.9 105.2

3t Weomeo ‘ 96& 5 %0 s

29 1 Hone 100.9 100.9

2 Wone 9946 99.6

3 None 102k 102.4

b Te2 103k 110.6

n i Hone 943 e

Statisticsl Analysis Average | = 9643 978

Standard Deviation - §.5 Gel

95% Range = 77.5«115,1 79¢B8=115,.8



TABLE IXwE
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Gomparison of Whole Blood Pentobarbital Content with that
Present in Liver, Cerebrospinal Fluid, and Bone Marrow

Per Cent
Animal  Sampls  Sampling Time  Per Cent Par Cent in Bone
Hunber Humber in Mimtes in Liver in C.8.F, Harrow
% %

g 27 58 96.6 6849 3.6
8 27 380 943 65.3 645
13 n 165 8L,8 66.2 365
19 5T 358 10h.8 62,7 8.5
25 3t 155 8l.8 50,8 12,7
22 37 350 85.4 6740 10,4
T2 37 2h0 8545 56,6 lie3
LT 2Lo 76

23 yT 590 81.8 66.0 1.8
2h T Lho 99.h 66.8 3.8
8t WO 8he3 3.1

29 5T 245 9842 6243 Te6
31 2T 60 8.3 63,0 6els
32 37 100 90.8 65.9 KX
bt 100 he3

33 3T 80 81.3 69.8 6ol
LT 80 791 67.0 7.8

3L 27 L5 104.1 60.7 Ee9
ar L5 9643 7.k
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(TADIE IX-E)

Comparison of Whole Blood Pentoberbital Content with that
Present in Liver, Cerebrospinal Fluid, and Bone Marrow

‘ Per Uent
Animal Sample Bampling Time Poxr Cent Per Cent in Bone
Numbe p Humbe r in Minutes in %iver in %S.P. Ha;rcw

35 M 300 : 9641 68.1 56

ST 300 8647 6.1

28% 1TwA 15 15.3 13.0 Le3
Average 90.5 6h.2 6e1

Stendard  Deviation 8.0 Le9 2,6

95% Range TheB=10642  Sho6m73.8  1.0~il.2

# Dog #28 was not included in the statistical analysis sinece death
ocourred before adequate time for tissue distribution was rossible.
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TARLE X

PTimewRate of Pontobarbital Disappearance from Whole Blood

Time, in minates, alter pentobarbita
Animal Dose of injection.

Number 90 {!ﬂ' ":;Eg::f‘_}gﬂ;::
W, E-%- % % % %

b 37.10 100  Th.3 60.6 b9 361
6 32,60 100 80.0 6240 WT7e2  38.7
7 30,00 100  69.5 . 3545
29 32,00 100 7h.0  59.2 h2.7
30 36,00 100 T7.9 532  39.8
38 38.00 100 79.0 5945 t -8 39k
35 35,00 100 76sk L0
Statigtical Analysiss
Aversge 300 100 75.9 60.3 L8.5  38.9
Standard Deviation 0 3.6 1.3 345 2.5
95% Range 0 68.8=  57.8=  klebe 3h.O=

B3.0 62.8 55.4  L3.8



Figute O.

Graphic representation of the rate of
disappearance of pentobarbital from the
whole blood using the data supplied in
Table X. The stippled area includes the

statistical 95% range.
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Composite Statistical Values of included experimental results.

Hpecimen Standard 95 per cent
Numbe ' Bpeginen Analysed Average Deviation Range
1.  Animal Weight in Kilograms 70 509 3.06=2643h
2«  Pontobarbitsal Arousal leve) 1613 2,30 11.99=20.87
in gomma/milliliter.
a8+ Intravenous (roup, 15,70 2480  10,13-21.27
be Intraperitoneal GMPQ» l?who 1.60 1&01?"26.55
¢e Oral Group. 1305@ 9.60 12;2&3‘1]4072
3. Comparison of Whole Bloode 82.6 2he6 3Ll «130.8
Serum concentration.® .
@ Subgroup one.¥* 9945 620
be Subgroup two.#® 53¢9 97
e Comparison of Whole Bloodw 92.1 12.0 6846 =115.6
Clob concentratione® .
8. Subgroup one,# Bha2 1.3
hg 5ubx:mp twn. ¥ 10109 301&
Se Comparison of Erythrocytee 96.3 Dol T7e5 »115,1
Saline washings.#*
6o Recovery following washing 9748 9.2 7948 =115.8
of Ervthrocytes.#
Te Comparison of Whole Bloode 9045 8.0 TheB =~10642
Liver concentratione¥
8. Comparison of Whole Bloode o2 Le® Blie6 = 7348
CSF econcentration.#
9e Comparison of Whole Blood- o | 2.6 1.0 = 11.2
Bone Marrow concentration.#®
10, Timewrate of Pentobarbital dise
appearance from Whole Blood,
Be ab 255 mninates.# 100.0 00 Qoll = (a0
be at 90 minutes.® T5e9 3e6 68.8 ~ §3.0
cs &t 120 minutes.® éﬁa}» 1e3 5706 - 6&08
de ut 150 minutes.® 48.5 38 Lle6 » 550
2.5 3e0 = 13,8

ee at 180 minutes.® 38.9

* Reporbted as percentage.





