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' INTRODUCTION

' The snalysis of expired sir as & method for the

inveatigation of the metabolism of administered compounds
.and their axcretion kinetics has attracted the atbtention
of scientists for many years., The first systematic effort E

in this direction was reported by Cushney™ in 1911, Com- .
pounds including ethanol, methanol and chloroform were =

 1ntravanous1y sdninistered to experimental animels. :
.Lnalysia of their blood and expired air at regular inter;
 va1s suggested that the exhalation of the volatile come
fpounds from the lungs is purely a physical process . :

'inrolvins the partition of the exhaled compound betwseﬁ :
'1ung air and blood.. He also observed that while sube e

stances such as chloroform and ethylene chloride were

-entirely eliminated through the expired sir, only a small

fraction of?aubstances such as ethanol and ethyl acetate _[

;waa exhaled, the rest apparently being metabolized in the f
.. bOdya .

- Noed for suitable medico~legal tests for 1ntoxication

gave further impetus to the analysis of expired air.
2

_Harger and co~workers™ developed a chemical test for the

determination of the concentration dr ethancl in 5lcod by

-the analysis of expired aif@f_?arioua other workers have

suggested different chemical tests fof determination of.f
the concentration of ethenecl and acetone in expired gir, .

notabla among‘themeeing,thé methods by:Lildestrand and.;i 7 :
Lind33 and by Haggard and co-workers.” All these methods .




of analysis had severe drawbacks;

i. Q'Qhe sensitivity was low.

. 2. The reproducibility was relatively -
Lo OO

- There was a certain amount of non-

. specificity involved due to the fact

'a‘gggzdtggBgxﬁgzggggwgigugg?giaiggetions
and any substance that can reduce the
reagent thus gives a pogitive reaponse. '

*  The éearch for new and senaitivu methods of analysig
of volatile substances logically leads one to gas~liquid
chromatography. The development of gas ohromatography |
jthas significantly increased the caﬁability of analysis of
':volatilé compounds in {race quantities meinly with respect
?Ito sensitivity but also with respect to accuracy %o a cer-
tein extent. This makea the enalysis of human expired air a
significant tool for the investigation of metaboliem of _
- volatile substances or substances which when adminlsgtered ;
~are metabollzed to volatile substances. Thus the informas
tion obtained from the exhalation kimetics of these sub~ |
Hstances should be utilizable in the investigation of the
kinetica of thelr sbsorption and/or elimination. L

" The anelysls of expired air for the determination ar
blood concentrations of administersd substances which are
:ralatively volatile ‘offers geveral obvious advantages :
1?F?over the diract analyais o: blood or urine samples;

Bamples can be takan more troquantly.




 The time required for the collsction SR
,, and the snalysis of the samples is
“ much shorter. o

" The snalysis 1s essier since there is -/
- leas interference by other subsfances
as compared to blood or urine pamples.
In particular steps such as distilla=-
tion and protein precipitation are
‘ gvoided.

Collection of the blood samples from
. human subject has to be done under the -
.. supervision of a physician or similar
" gqualified person. Collection of ex-
pired air samples does not reguire
such supervision. : .

" The work described in this report was intended to be .

an investigation into the development of a highly sensi-
tive method for the enalysis of ¢xpired air. This method -

:aa described in Section I of this_report,_makes it possidle
to carry out investigations of the exhalation kinetics of ?
volabtile orgaﬁic compounds aﬁministered t0 human subjects
 35i1n very smsll doses., The guickness and the convenience of
: ff;fthia method, coupled with its high sensitivity and speci—J?
':E.ricity. offer obvious advantages over the usual methods of
ti?'analyses of blood or urine samples. - ' S
._ ' The investigations reported in Section IT deal with
._i:tha concentration of volatile oxrganie compounds in noermal
:f.hnman expired air snd the studies of exhalation kinetics
.? of ethancl, isopropanol, aceﬁone énd paraldehydé following
~ oral adminiétration{“_mhe interpretation of the results of
' these investigations is made in the light of the informe-
tion concerning the metabolism of these compounds reporﬁed 5_” Eﬂ

by previocus workexs,




&,
- It might ba rointed out that the stud;es reported :"
herain represent only a beginning step into the field .' _
with the aim of discovering where some of the important N
. problems lie with regard to investigation of the kineticaﬁ
;iof elimination of relatively volatile drugs (or drugs : 
" @iving rise to exhalation of volatile organie¢ compounds)

. through the investigation of their exhalation kinatics.-fV




- SEGTION I -

PHY.SIOI'OGIC‘&I‘ BACEGROUND Qooooo-oooooot-cooonaoot.
' BAMPLE COLLECTION TECHNIQUE seeencncresrrsirnnane .t
OUTIJINE OF C.BIJCUI.ATIONS .oooaa-.atooot--catooo--.:."{:

:'(A} Outline of Gas-chromabogrephic R
- Analysis of the Condensate sicesssssses

) Belection of the Gag-chromatographic R
.- Column and the Operating Conditions ... .

Identification of Volatile Compounds _
' in Explred JU.I' LR e B I O R R

Quantitative Estimation of the
- Compounds Detected in the Expired

o Air L R N Y N R s T

 EVALUATION OF THE CONDENSATION SCHEME 4vvovevoens.




" PHYBIOLOGICAL BACEGROUND

. Expired air is a mixture'of slveoler air end extra- |
alveolar air, (the latter is also known as dead-space sir).
Figure I shows the lung volume at different stages in
raspiration.:_f7" . . _

]', The air exhaled each time during the normal course of'3
vespiration is called 'tidal air' and constitutes only ' 
about one-geventh of the mean lung volume, The initial .
portion'of the exhaled air conbains the extra-alveolar or

dead~gpace air. It is'not in equilibrium with pulmonary -

blood and its composition is different from that of the .
alveolar air. Thus the composition of expired air depends

The relativa proportlons of alveolar
" gnd dead-space air.

The composition of the alveolar air, 3 ”
' The extent of intermixing between the ~
| alveolar and the dead spegce air by the -
o process of diffusion and by the S
'-f mechanics of respxratieﬁ/
Thus the composition of different expired air Samples :

:; from the same subject under sawe initial condition may .

"f:vary significantly unless the conditions of collection f

© of the expired gir samples are rigorously specifiad and
'-contrélled. In fact the nmain cauae of poor resulis ob-_
tained by earlier workers in the analysis of axpired air
might ‘well be attributéd to these variations o
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' Table I lists the values of some respiratory _
characteristics in average humsn subjects., It is clear -

from the extremely large ratio of surface ares of the

respiratory membrane to the volume of the pulmonary blood
erd to the volume of the alveolar éir, that the aliveolax '
air should be very rapidly equilibrated with pulmonery -
bloods . . R, '-j”” :._
'*i Harger, Lamb and Hnlpieu5 first tried to correlate  t
the concentration of ethanol in expired air to the con«-ﬁf
centration of ethanol in alveclar air by measuring the ff 
ratio of ethanol content of expired air to carbon dioxidé
content of expired air. Their assumption was that the ;
Gcoefficients of diffusion of 0O, ‘snd of ethanol through
- the alveolar membrane separabing the alveolar\blood from}:
f:aiveblar #ir are not different. However if'was_pointed
" out later that the diffusion coefficient of a volatile -
ff'compcun&.diffusing'oﬁt through the alveolar membiane isf__
't_dependent on.the solubility of the substance in ths'mem-.ﬁ
-;brane. Since the solubility of 002 in squeocus £1uid in

. the alveolar membrene is very small, its diffusion coef- :

ficlient 1a mumeh smaller than the diffusion eoefficient of
sthanol and was shoﬁn to be only sbout 1/40%th as large as
the latter. Hence, the method of correlating the concen-.
tration of an exhale&‘substance in expired air to its
concentration in alveolar sir on the basis of 002 content'

of the expired air is quite quastionable.h




- Table I
SOME RESPIRATORY CHARAGTERISTICS OF A?ERAGE  j _

Volume of pulmonary blood. o 60 to 100 mls. _3..:‘_.;
Total surface area of respiratory 50 to 70 sq. meters
.. membrane . . - . . L
Mean lung volu.me '
~ Tidal volume
g - Normal inspiration volume
o Maximum insplratory oapécity

" Residual lung volume gvolume at
maximunm expiration .

©-Vital capacity (volume of air
7. - exhaled bebtween the point of
- maximm inspiration to the
- poin%t of maximum expiration)

"" Normal dead space air volume .

T:Dead space alir volume at maximum
T inspiration :

*Talues raported by Guytqn.g




1o, o

- Ha;r:ger and co-workars in their J.ater invastigatio:nss 5! Tl

round that the composition of rebreathed sir is the same
as that of alveolar air., They also verified the partit:ion
"_'ra.tio for alcohol between blood and alveolar air by a S

" series of in vive determinations of ethanol content of

o fo¥

blocd and of expired air from humsn subjects to whom L
:""*;‘ifom  ethanol was Pl;eﬁOUSl:Y administered. EHowever, when the - : o
ot ase cencentration of the substance being estimated in the ex~ -
v [hiT ' Pired air is very low, the rebreathed air samples may give
inargoll errongous results due to the adsorption of the substance .
s bxall on the walls of the flexible container used for rebreathinsl.
Buiiani For the same reason various other mechanicél devices sug~ . .
?tmm gested by @ifferent workers for obtaining alveolar air
éz\d,ftiuvl ‘samples are unsatisfactory. Hence the use of equilibré.tad
’ifég vital capacity air, as described below, was prererred to
y [emzo¥ rebreathed air. e ' :

. An additional source of error in the .a.malysis of ex- -
pired alr comes from the difficulty ol obtaining reprodu— 3
¢ible guantities of gaseous semples.': The variation is S
further aggravated by the fact that pormal expired air is
at & lower tempera:bure than tha body temperaturs and may
varyby as mich as 2° C,2 SR :

In the method described in this work, an attenpt ia

" made %o overcome these difi’iculties and at the same time
increase the sensitivity of the method using the sssump-
tion that the alveolar air is sahxrated with respect to
" water vapor e.t the ‘body temperature.
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Christie and Loomis7 have reportied that the partial
pressure of water vapor in normel alveolar air is 2mm,.Hg,
lower than the saturation vapor preasure of water at the
body temperature. But since the collection of the samples
in the method to¢ be described involves holding the breath
for 12 meconds, it can be safely sssumed that the alveolar
air in these samples is saturated with respect to water
vapor a% the body temperature.
The air used for the collection of expired air samples
in this method is vital capacity azir {(air between the point

of maximum inspirstion end the point of maximum expiration)
following the holding of the breath for 12 seconds after

full inspiration. The use of this procednre entails the
following advantages.

1.' Vital capacity of an individual is
remarkably reproducible, Hence the
error dus to the variations in the
proportions of slveolar and dead
gpace air is reduced,

The maximim dead space air volume
is 225 mls, compared to 5800 mls,
of the maximum insgpiratory capacity
in normal human subjects, Thus the .
ratio of dead space air to the

alveolar air is substantially

lowered (amounting to less than 4%).

Holding the breath for 12 seconda

after full inspiration incresses the
probability of the saturation of

respired alr with respect to water
vapor at the bedy temperabture and
also reduces the error caused by .
fivetuations of temperature or
axpired air.




The large volume of vital capacity

air makes it possible to deviss.a
condensation scheme by the use of
which aqueous liquid samples are e
~available for mnalysie, The analysis -
of liquid samples is much simpler in _
comparison to enalysis of gas samples. |
S8econdly, the use of a condensation »
scheme gives the samples in a higher .-
concentration than the air and thus
produces an incerease in sensitivity
as will be shown in the caleculations -
to follow. o S




SAHPEE COLLECTION TECHNIQUE S

L Figure 2 shows a diagramatic sketch of the mample
,;'collection set-up., The subject steadily inhales air to
}fths point of maximum inspiration and holds the breath at 

':_ﬁhis point for 12 seconds, At the end of this period he
 .blows the air slowly and steadily through & siliconized i
i'Pyrex glass cell cooled by immersiorn in 1liquid nitrogenQ 
jzmhe other end of the cell is commected to a spirometer*
waith which the flow rate is roughly maintained at about
© 400 mls.'per second. The spirometer also provides & low
.;but relatively constant resistive pressure during the :f
- oxhalation and serves as & check Irom time to time on the
vital capacity of the subdject. | B
:f3f  During the flash condensation of the expired air,' 1
all theevolatile compounds present in the expired air _
~along with water vapor condense in the cell, The cell i§? 
then taken out; quickly stoppered and the condensate is i
carefully melted allowing 002 to escape cautiously,., The ;
resulting squeous droplets are collected into a single ff
. drop by rolling them over the siliconiged inmer gurfaca._-
of the cell by gentle rotation of the coll, The projectidn.
-at the lower end of the cell where this'aqueoua solution :

* "Preoision" wet tes

t mster, Precision Scientific Co.,
Chi°33°s Iil. o TR L




3 (Expired Air

' Mouthpiece

= To Spirometer" y

Condensation Cell |

~Ligiud Nitrogen

Condensate

Assem‘bly used for low-temperature condensat:non
= of equilibrated vital capacity aiz.‘. PR




collects makes 1%t easier to withdraw samples of this

agqueous solution with the help of & gas chromatographic  ;__- .

mlcrosyrznge.**'

Pive }IL of this aqueous solution was sub;jected to

:_T gas cbromatographic enalysis. For each sxperiment the -

f??fsama amount of a standard solublon conteining a known T:__f.;_

.'?Hconcentration of the substances being estimated wasg also =

T:injected immediately after the samples. ;

 :¢Hami1ton 701—NCE syringea were usea for all studies, i
- Hamilton Company, Whittier, Calzfornia.xza




" QUTLINE OF CALCULATIONS

' Bince the expired air collected by the procedure
. deseribed is to be considered saturated with respeot“}to

- water vapor at 37° C, the composition of the aqueous

':-"".j"expired air and is independent of the actual volume or
the expired air from which the condensate is obbained.

(The volume only determ:lnes the quantity of the conden~
sate obbalmed.) & h T iiewa oo

- Aaeum.tng ides.lity, the volu.me ot 1 mole of water

.vepor at 3?' c and J. l.tmoe. preesu:'e - 22.5 ? 30 I.u.
- 25,48 L, Saturated water vapor ;presaure at 37’ Cis
© 47,1 mm. Hg, L fal

* Partial pressure of water vapor in the expired air
sample = (47.1/760) atm. . IR _
N S 1 mole or 18 mls. of water are conteinea in 22.14-8 X 260 L

i of expired air. '_i:-_-f:'

A 3. L, of condenaa‘l:e - %4% L. or expired
. air. .. IR P T I . _:._.'.
I COncentration of a substance in expired air = 4, 39 x,10'5
x the concentretion of the substance in the condenaate
(4t pressures eig;niricantly differont rrom 1l e.m. :
appropriate changee in the oalculetion are necessary )
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AN_ALYTICAI.. TEGHNIQU'E .

(A) Outline of Gas-Chx'omatographic Analysis of the )
L Gondanaate. ) _

R Gasnohrqﬁatography of dilute aqueous.solutiona is
{E difficult due to the broadening effect of the large exw
 f:cess of water on the peaks of the solutes., Furthermore -
 ;.many stationary phases such as esters are susceptible to ii-?*
gfhydrolysisland this may result in a very unsteady base~ o

';iline particularly if higher temperatures must be used.

:I? - The compounds estimated in the following studies

: include ethanol, methanol, acetone, acetaldshyde, iso-

" propanol end paraldshyde. Most of the stationary phases _ B
f:recommended for gas-liquid chromatography of alcohols such'.f  o
: ag glycerol, diglycerol,-caibowaxas and £E«30 can separate L
-_these bompounds effectively from their mixtures, but were

found unsatisfactory for separations from agueous s5clu=

tiong of these compounds. Furthsrmore for very dilute

'solutzons the adsorption of the oompounds on solid support

presents & problem in itself,

For the gaschromatographic analysls of axplred azr, ,:

the selection of the column material must be based on the'

. followins considerations. [c:-.” FERIEE

The solid supporf used muét not o
significantly adsord tha compounds
- being estimated. . R




SBeparatiocn between acetons, methanol
and ethanol should be complete although
this is very difficult to achieve.

The tailing should be small and the
ratio of peak height to peak areg
should be as high as possible,

The efficiency of the column should -
not be affected by prolonged exposure
to the water contained in the Bamples.

The retention time should not exceed 5
4 to 5 minutes to permit frequent o
saupling and rapid results,

Either the peak height or the peakx
area of the compound to be estimated
must be propertionsl to the total
amount of the compound injected into
the chromatograpk. The former case
ig preferrsd for its ¢convenience,

48 far as the detector is concerned, flame ionizaw

tioﬁ detector is best suited for the analysis, because if
is insensitive to water, éarbon dioxide and inert gases
but very sensitive to combustible organie compounds, '
Furthermore it has the advantage that the detector re-I
sponse is directly proportional to the concentration of
the éubstance being detected in the carrier gas ovér_
large concentration renges, 'J‘:_ o ' ' _.
The chromatograph used in these studiés was ‘an
derograph Hy-Fi model 600 equipped with an.Aerograph:'
Bydrogen Generator and a gold plated flame ioﬁization
Qetoctorahead, ¥ s e e

¢

The columns used were made of 1/4 inch stainless -
steel coils with Swagelock fitbings. - D

*VWilkens InstTument and Research Co., Walmu Creek,
California. - e




V. of the peaks. Deactivetion of Gaschrom by treatment with

o " substantially reduced the tailing and for initial exparinf

(B) Selection of the Gas-chromatographio Golunn and
- the Operating Gonditions: e e

Solid Supgort:.: . N
 So0lid supports such as Calite,' crushed firabrick,

: Ohrnmoaorb G* and Guschrom** were found to be unsatisw .
*-factory due to severe sdsorption and consequent teliling

é a 1 percent solution of dichlorodimethyl-silane in xylenef

ffﬁ'ments this material was used as solid support. Anakbom-f
f;;ABS, 70-80 mesh,*** was found %o cause much less tailing
if-avgn without.the treatment with the ‘siliconizing agent.
:iFurthermore columns prepared with it eppeared %o pack
-ﬂ better. For these reasons this materisl was used as a

:solid support for all aubseqnsnt work. '

: Statiﬂq_ry Phages: | _
: A large number of substances were examined as po;.
 tentially suitsble stationary phases for the required ..
gaschromatographic separation of acetaldehyde, acetone,xi
methanol, ethanol,'iaoprOpanol and paraldehyde fréﬁ dilﬁta

~ aqueous solutions. These included the substances

*Johnsa Manville and Company, New Iork New York.
"“E &M Scisntific Corporation, New castle. Delawar
“‘E&alabs, Inc., Eemden, Connecticut.




" recommended for separation of aicohols in gas-chromato-
}J} graphic literature (PEG 1500, FEG 6000, glycerol’;fﬁ__,
.i;'diglycerol, SE-30, glyceryl monostearate, didecyl- .
.-_:-._-;__-_é:-phthala'be) " In addition many éubs'b&nces. sch an Avochios
.f:.(a mixtuere of chlorinated polyphenyls*), Craig POlyester :
_,fi(adlpic acid ethyleneglycol co-polymer), minerel oil, i
 ?:hexadecane, stearic acid, Ortho phthalamide, cetyl alcoh°1.
' {'and its homologues and substituted amides of azeleic acid

 jand sebacic acid were also tested. These exaninations led

" %o the following observations: .

Highly.polar c&ﬁpouﬁds-such'aa glycerine,

diglycerol and carbowaxes retain polar ccmpounds.i
much 1ongef but the alecohol pesks are broad and f;
overlap with one another, Thus the quantitative :
estimation of ethanol methanol and isopropanocl - |

in preaence of one another is not p0331ble.

Q_Nonwpolar statlonary phases such as mineral oil f;
:1and hexadecane retain acetone longer than methanol
and ethanol,  However all peaks are highly unsyﬁp”
:'metrical with pronounced tailing, In most cases
© there is an overlap of methenol and acetone
'peaks. Furthermore for aqueous solubions these
- columng gave a very unsteady baseline with g f

:reverse peak following injection.__mhis reveraé

*Monsanto Chemical Companﬁ;ISaint Louis,'Missouri




.peak wae.ettributed to very small reﬁentien _sz:V
volume of water on the celumn and its effeet on
the hydrogen rlame. ;_'1 T . S .;._.h
) - Although these columne were not feund ..._ _
_ suitable for quantitative anaiyses, 10% minerel e
%?eil on Fluoropak,* and 10% stearic acig on ef' :
fAnekrom ABS were used fopr confirmation of the
;fidantlficetlon of the compound detected by

- means of their retention volumee asg ehell be -

_\_descrlbed later, '___ _ _ S ..
m Stationery Phases containing ester groupings

.'euch asg didecyiphthalete, were found to be aI-',~f'T%

fected by hydrolyeie cadsing very wnstesdy . .
- baselines even at low columm temperatures,  :. | “
J L°ng chaln aliphatic alcohols such as cetyl e':'5;:¥ﬁ
f“aleohol and behenyl alcohol ag well as substi-

fftuted amides of long chain aliphatic dicerbexyi;c ol

‘acids such a8 N,N,N',N',tetramethyl or U
N,N,N',N',tetreethylazeleamides or eebecemides o
were found mogt euiteble rer the required R
B aeparetion.** : i
*The Fluorocarbon Company, inaheim, California,

**Separation of ethanol, methanol and acetone.( The euthor f;
wishes to thank C, P, H Hall and Co., Chicago, Tllinecis, - /¢

for free samples of some of Ghese compounds, the remaln-ﬁﬂ- .

der were synthesized as part- er this werk )




. The tetraalkyi diamides are exmremely stable teo
f;'hyﬂrolysis and columns prepared using them can be used ot S
_:ﬁ temperatures up to 120°% €. without dirficulty. They giveai:
:; good separation between acetaldehyde, acetone and mathanol,il
”-ﬁowever, there 1s some overlap of alcohol peaks. Long RERIR
chain aleohols, on the other hand, gave good separation'ﬁ
of alcobols but there was slight overlap of acetons and E

. methanol, Taking advantage of the additivity of the re- -

| tention volumes due to'fractional lengths of the column; ;E
'_varicus proportions of tha two were successfully used in é
mixed packing. .  L S . ..:.:._
(A column with a mixed packing can be c¢onsidersd to  f§

be made up of numerous individual column segments in ':” ._
series, The retention volume of # subastance in such a.{f"_
Icolumn ig the total sum of the retention volumes in all the';

. segments in the series. > L o :
The separation of acetaldehyde, acétone methanolr_ 

ethanol and paraldehyde obtained using one of the mixﬁure e
colums is shown in the chromatograph (Fig. 3). S

Procedure for the pregarat on of N N.N'.N! tetraethyl-rfff,
sebaceimide: UL S

Diethylamine (twice the.thebfetically required L
anount) was dissolved in ether and cooled in ice-bath.

Bebaeyl chloride was carefully edded dropwise with constanf :;

stirring and cooling.  After the addition was complete the S
mixture was exbracted fwice with 5% hyﬁfochloric acid to."fi };{fa1i'
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.mGas—chromafdgraphié'sépafation.oi acetone, \
-+ acetaldehyde, methanol, ethancl, isopropancl
: and paraldehyde from dilute aqueous solutiocn.

Column: < 8' 6%, 1/8" diameter, containing 10% behenyl -
.. alcohol and 5% N,N,N',N' tetraethylsebacamide
Lo on Anskrom ABS at %0° C. o

Carrier gas: Nz, 20 mls,/min, Hydrogen flow: 30 mls./min;f

Injected sample: 5 microliters of aquecus solubtion copm .

taining acetone (0,1% v/v), ethanol (0O.1% v/, j~,¢{3§15"'.:

- methanol (0,1% v/v), isopropanol (0.1% v/v)
and slight trace of aqetaldehyde.-i,_,,-,,;




.i Temove the excess of the emine, then twice with 5% :
:E.sodium hydroxide to remove any sebacic acid or 8ebaoy1
 chloride end finelly bwice with aistilled water, The
fo ethereal solution was then filtered through anhydrous-:'

*'sodium sulfate and evaporated %o give the substitubted . -
:'amide. This was further purified by column chromatograohy .
 using reagent grade basic alumina and an eluent consisting f
of 15% chloroform in dry petroleum ether, After the come . -
plete removal of the solvent under vacuum the substituted f
amide was left behind as a pale yellow viscous 1iqpid'fﬁ"}
which was very difficult to crystallize snd was used ao -
such. _:_ . '

- In the preparation of N,N,N';N',tetoaisopropyl- |
~sebacamide, the same procedoro wag used, using di-iso=
propylamine in place of diethylamine.. The residue of the .
substituted amine was obtained in the form of a solid whichﬁi
was reorystallizad from ether by cooling in DryaIce-acetone'f
bath.  f%he resulting white crystals had a melting point of fﬁ
e C. fo?;"_ S _ L Ll
The amounf of the gtationary phase on the.supgort material: ?

© With the stationary phagses snd golid oupporto ge=
lected, a coating of 10% to 15% w/w of the stationary ..;
phase on the support was found suitable." 1f the proportion
of the atationary phasge iB made lowor, the tailing is in- f
¢reased while the retention volumes are decreased._ On the .
othar hand if the proportion of the stationary phase is e

24, L




']:fhigher, the peaks are broader and although the‘individual_ff*
.;} retention volumes are increased the overlap of adjacent
ff peaks is also increased, ' SO _' -
: l ¢ Dhe coating of the support with the stationary phase' i
'f'waa done by flash evaporation, The stationary phase was i
f.dissolved in just enough chloroform %o form #& uniform ﬂf
" tnin slurry on the addition of the required amount of R
i'sblid support._ The slurry was stirred occaszonally for a ;
: period of 15 minutes. Chloroform in the slurry wss then ;;
”evaporated rapidly on & sgteam bath with gentla but effi-:
¢ient and continuous gtirring to prevent uneven coating;.
When the evaporabion was apparently complete, the heating
on steam bath was continued with }requent stirring till7f
the smell of chloroform was undetectable. . The coated 3  
Support was then transferred to sn oven st about 120° ¢, ﬂ;
where it remained overnight, ' | : _
" The columns were packed by gently applying veacuum at_ F
one end of & column plugged with glasa wool while intro- fn
ducxng the coated support at the other end in very smalll‘
portions with the help of a small psper funnel, For obe
taloing wniform packing the column was thoroughly tapped-f

after each additior, Passing a stream of nitrogen _
through the columnSwat a rate of about 20 mls,/min, as o
120° G. for approximately 12 hours befora use was found

sufficzent to produca steady basellne at the sensitivitie55 if  f;'.

requlrad.




" In the case of mixed columns the coating was carried o
"Qout separately for esach stabtionaxry phase before packing
?f the required proportions of the coated support in the
.;'same column, The statiornary phase percentages-reported _ _
: rapresent the percentages based on totasl column contenta.__;2 §
....:: The column length for most of the experiments was ””;H:_
5 feet, Increasing it further was observed to have no :f.]i:}T *t_ :
~ special adventeges. This can be partially explained on.f’;"  f'”:"
the basis of the following considerabions: (1} Beyond ?}.:u'm

an optimum length under one set of operating conditions, :
" the number of theoretical plates per unit length of the

" ¢olumn decreases rapidly. (2) For longer columns uni- BT

form packing becomes considersbly difficult, For longer -
¢olumns a higher carrier gaé pressure is required in =
order to obbain ‘the desired flow rate., Thus for very s
'long columns the actual flow rate of the carrier gas in ?
the initial portion of the columm can be much smaller }f?
then 1ts flow Tate ab the end of the column, . :

Onerating parameters""

Oarrier gag flow rate: A rate of 15 Yo 30 mls. per;fa”
* minute was found suitable. The hydrogen flow

rate was kept approximately the same as the E
 carrier gas flow rate. e _
" memperature: As far as the temperaturs is con- N

lower temperatures give better L
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;'isopropanol. However, with lowered temperature,:::
 the sharpness of the pesks decreases and the o

“tailing increases since the adsorptica ou the -

. For substituted amide-heavy alcohol columns
' th3 optimun temperature was found to be betWaeg';fV
65° end 75° and temperatures from 55° to 85°7';fﬁ

..gave satisfactory separabions Of_acetaldehyﬂeg. 

: acetone, metha#ol, ethanol, iaopropanol and
'lf a1l studies.'f 
_ (G) Identification of Volatile Compounds in Expired A;r..”‘;

e Tha identlfication of the compounds detected in
expired sir was accomplished by the comparison of the re—'ff::?
tention times of their peaks on the chromatograph with .

. solid support is greater at lower temperature. H;iﬂffﬂgf”f7

{jwd&ﬁ%-mweWmew%wwemﬁfw ﬁ; ?

those obtained from agueous solutions of known substances-rf”f:

under ldentical conditions of operation; Purther confir-

mation can be obtained using the values of retention times - ..o

of the peaks on ancther ecolumn with a stationary phase of :' .

quite different (polar on non-polar). The principle bew'f
mind this procedure is that if twe different compounds.;yr

kave the game retention time on one column, the probabiw '"f

lity of their having identical retention bimes on the
other column iz negligible particularly when the number of

pesks obtained is rather limited in the region investigated .

ag it is in this case.

Mineral oild (10% (w/w) on Fluoropak_f7””




. and 10% w/w stearic scld on Anskrom ABS were used as

28,

'”f'aeccndary columps for this purpose. It should be pointed ; o

3 -out that although the separation obtained on these

' i'columns is unsatisfactory for quantitative analysis they .. -

" can very well be used for qualitative identification.
; The retention volumes obtalned on three of such columns '
'f:are shown in Table II. = '

: (n) Quantitative Estimation of the Compounds Detected in
'.;;._Expxre : , . o

g j; The quantitative estimation of a compound from its ; :
' peak on the gas—chromatograph may be done in two ways: N
: ”~ 1. Pook Height method, rand

2. Pesk Area method.

'"i_jwhereas the former measures the maximum response of
the detector, the latier messures the integrated response.
Tha choice between the two methods depends on the follow-
ing major factors, among others: '
COUTNET (1) The type of the devector used.

- {2) The nature of the pesk, partlcularly

N - with respect to the nalf width and

. +the extent of tailing .

© {3) The stability of the baseline, and’

7  {4) The ease and accuracy with which
S peak avea can be determined.

?or a flame ionlzation detector the response is pro- '

portional to the concemtration of the substance being .

detected in the carrier»gas.  Tha peaks obtained with tha 3




| . Table II |
| RETENTION VOLUMES OF ACETONE, METHANCL AND

: Retention volume* (mls. of Na per inch
S : : of column length)
© Columm Acetone Methanol Ethanel

1, 1% stearic-“ﬁxﬂf'ﬂ“ﬁﬁf
. acid on SRR
s Anakrom ABS..u

oo89% g, G 019

- 2, 10% W,N,N',N*
o tetramethy - CL
. azeleamide on . ..
oo Anglkrom ABS, el
L 75° G - 0.30;

3. 10% behenyl—
- alcohol and 5%
CNLN,EULNY, T
tetraethyl- R
. .| sebacamide on Lo
=% Anskrom ABS. . -
70° C,

0015 0,022

*Uncorrected for mobile phase volume of the columnm.

- ETHANOL ON DIFFERENT GAS CHROMATOGRAPHIC COZUMNS _ff_  g; :




1:-Bharp with a small halr-width; Thus +the determination of

e rélationships were determined for ethanol, isopropanol,

. than those anticipated in these experiments. The results j

_ indicated that the peek-height is proportional to the

- concentration (for the mame injection volume). As an
example Figure 4 indicates the linsarity of the peak-
height with concentration for ethanol while Table III -

tions along with the extent of variation in one of the

observed inelude the injection-volume errors in the Hamil-_fﬁ
“ton 701 NCH syringe.) - The results indicate that for very f;ﬂ
d¢ilute sclutions the percentage errvor is inereased, dub -
an avefage error of iﬁ% may be asgumed for the range of -
concentrations observed in these studies, Tha-peak height'}rf
variations for isopropancl and paraldehyﬁe ere slightly .

lower whlle those for ascetone and methanol were sllghtly.
higher than for the: solutions of ethanol at slmilar con=
centrations._ P}~;;- o e .

It is impbrtant to mention that all the variablea_f'fﬁf' |

such as injection temperature, carrier gas flow rate;'ffﬂf:"

. gas-chromatographic set up described before are relatively L

fff=peak areas of thess peaks will involve lerge error evem -

" when an electromechanical integrator is used. Hence the = -

? peak height method was used. ' Peak-height concentration f~f'ff]f-+?1

" paraldehyde and acetone over wider concentration ranges . . .|

gives the values of peak heights at different concentra- RPN |

columns used. (It must be pointed out that the variationa.:”; - .




-

Fig., 4 Peak-—height and concentration relationship. R

Column: 5!, 5% N,N,N',N!',tetremethylazeleamide end '
" 5% 'behenyl alcohol on Anakrom ABS, - :

Temp... a5 c. " Hp: 15 mls./min, {Q'sz 20 mls./min;'

In;}ection volume: :

5 microliters, - Ly

-~ 0.005% 001% V/V
Concentro’non of Ethanol S




| Table IIT -
PR EHANOL AND 178 MAXTMUM VARIATION RANGE* o

" Goncentration

::. Mean S
' peal:—height

variation -
© range . .

T a9.6  e4.5 127 Csy

e bl

*Cpiumm s 5: 5% X,N, NN atetramethylazeleam;de and SRR
5%’ cetyl alcohol on Anskrvom 4BS, . .. - ..

Temp.;” 85° C.5 Npi* 20 mls./min.; 32. 15 mls /mln._;
Injection vn_lume-_ 5 microliters.. : L T

”{ LINEARITY OF PEAEK~HEIGHT AND CONCENTRATION jfjt_}:f';]
© of ethamol . 0.,001% 0,002% 0.004% 0.008% 0.01% PR

ow o o |
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. hydrogen flow rate must be kept rigidly constant since '

" the varistions in any of these factors will cause much

" larger errors in the peak-—height method them in the
'7; peak—area method.

. During every experzment, standard dilute solutiocns

{;-of the substences belng estimated were 1naected using

I; the same injection volume setting as for the samples and

" standard solutions were used as the standard peak—hezghts , ﬁ 

 5:£or calculatlon purposes.

ffj_under identical conditions.' The pesk-heights from these f; ' |




' EVALUATION OF THE CONDENSATION SCHEME

_ _;_As it was our purpose to use quantitative condensation jﬁ

P for breath collaction, siudies of the collection scheme '

" were carried out. Their obaect was: o

:(I)IITO check the reproducibility of

L. .. obtaining condensate from the zsme

.. expired air sample, under conditions SRRTR

- similar to those used for the gollec= - L

. . tiom of the samples, _ S

-~ (2) Comparison of the resulis obtained for - . °

-+ the condensate from a known sample Lo

© with the theoretlcally calculated value.'

_ The known sample used in this case was air in _

”equilibrlum with & solution of ethanol of a knovn compo- .

gition. Ethanol was selected because the value of its ""':

partition coefficient between air and water &t 37° C. heas ﬁﬂj 

been reported in the literatnre.lo . .
" The experimental seb up used fopr this experiment ia

illustrated in Fig. 5. ' '

' Two 15-l1iter bottles were immersed:in a constant

temperature waterbath at 37° C, One of the bottles wasﬁ ”-'

almost completely filled with a 0.1% solution of.ethanoli L
while the other was empty. Ailr was bubbled into the  _
filled bottle very élowly through a gas~dispersion tubé ?
located near the bottom and the solution allowed to ilow'f;

into the other bottle under the pressure of the éir}h After fi”-'
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Constant temperature bath_- ;i  f 

Gas diepersion tube

Compressed air cylinder

" 4 - Dilute agueous solution of . .-
ethanol at 37° ¢, R

5 - Air in equilibrium with
the ethanol solution L

The experimental sat up for the evaluation i
of the condensation scheme used for the G
collection of explred aix samples.;__qn o

fitted with regulator valve '~ . o ..




‘nesrly three-fourths of the solution had flowed out imto *
"the other bottle, the eir supply was stopped and the 8ir'7i :
" alpeady in the bottle allowed to cowe inbo equilibrium‘é~:£:ﬂ

6. o

"ff'wlth the ethanol sclution for & period of three days.l7'3:5 -

Wf_determlne the exact concentrabion of ethamol in it
: For the evsluation experiment the bottle conta;nlng'
’ 'the air was then connected to the condensation cell

* jmmersed in liquid mitrogen, By using compressed alr and

pumped into the air bottle at a predetermined rate dise ;z}*
 placing the air in eguilibrium with ethanol solution '_
'through the cendeneetzon sell that was being held under

”of the compressed air required for obtaining -the desired
fiow rate of the air sample was determined, This rate

was approximately the same as the collection rate used

for the collection of the expired air samples. After 8 -: -
liters of the air had passed through the cell, the celljjf*
was disconnected, qulickly eteppered,'and the condensatezif

analyzed in the manner desceribed previously; the'cen— ;

Q.centretion of ethanol in it was calculated. Conmparisgon .

of the eolution by ueing the partition coeff:cient of

ff'At the end of this period a small portion of this solution RN

A ifiwae withdrawn and enalyzed on the gas-chromatograph to Sl

" & regulator valve the liquid from the solution bottle was SRR

 conditions identical to those used for the collection of S

" expired sir ssmples, By previous experiment the pressure_;*:5“'”?5‘ :

of this value with the value obtained from the analyeis '£45j3{5}ﬂ-; .




37- H*-  if

ethanol between water and air (Earger and co-workers)lo

indicated that the value obtained from the condensate

U was 73% 13% of the value obtained by using the partition':ff -lf“' 

within the limits of experimental error in view of the: .

Low accuracy of determination of =
~ the distribution coefficient of )

' athanol between air and water in .
. very dilute solutions,

' Large temperature coefficient of
. the distribution coefficlent 10 o
' g%g% per degree at 30 degrees C.)y .. .

The possibility of slight entrain-
. men% of very small droplets of the
" solution along with the air during
the rapid transfer of solution from
solution bottle to air bobtle. .

coefficient.,  The varistion in this value was considered ol
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 EXEALATION OF VOLATILE ORGANIC COMPOUNDS IN EUMAN
“Uoe o EXPIRED ATR UNDER NORMAL CONDITIONS

: The first significant attempt to detect volatile

.f erganic compounds present in human expired air by gas-
If'chromatography wag reported by Southwestern Research _
: Institutell in 1960, fThe volatile compounds were colleched
' by adsorpbion on cooled ascarite, Subsequently they were '
; desorbed by warming and the.vapor analyzed by gas-liquid )
chromatography on a Garboﬁax column go that compounds ori§: :

ginally in concentrations as low as a few parts per billion :f

in expired eir could be detected. Tho compounds rePOIted R

to have been detected by this procedure include acetone,
_acetaldehyde, methanol, ethanol, furan, methylfuran, =
isoprene, propionaldehyde, dimethyl sulfide, diethyl _
sulfide and four unidentified compounds, | However, no S
quantitative data is reported. L ' '

- With the method reported in thia thesia, the °0mp0unds  3 u

such a8 ethanol, methanol, isopropancl and acetone can be
detected in expired air in concentration as low as 0.001
picrograems per liter and the sensitivity could be raised

by as much as ten times with better baseline contrel. The .

gensitivity for compounds with heavier molecular weights St
is somewhat lower.. Analys;s of expired air of several -

subjecta revealed that acetone, methanol and ethanol are'




- present in human expired air at all times. Thelr con-
centrations in expired air vary anct only from sudject ‘bo\_
. subject but rrc:m tine to tiiﬁe in the same subject as ine
- dicated in the sample dsta shown in Table IV and Fig. 6.

 Ethanol in normal humen expired air: )
" Ethanol content of expired air, veried from 0,01
/H. g./L. to 1,01 M g./I:.' end was in sgreement with values
of concentration of ethanol in blood in normal subjects
reported by Lesterla (using dist, coeff, value for athanol
between air in blood at body temperature as reported by |
Hargerlo). After meals or after ingestion of glucose the
ethanol content of expired alr increased seversalfold
- . attaining concentrations as high as 2.75Mg./b.
e The presence of ethenol in expired air can de ex-.
plained on the basis of its endogenous production in the
 body from pyruvic acid by the rollowins mechanisms .  -

Pyruvie Tar e e
? &cetaldehyde - CO
.- aphydrase . L
Acetaldehyde - ~  Ethanol .

__ (I'Ia;jor portion)
Acetate \ S

Z'Icl‘ianns, Oon‘bag and Olson 3 hava con.firmed th:l.a explanation_:
with the use of radioactive pymnﬂ:d a._c:!.d..




Table IV

. CONGENTRATION OF ETHANOL AND METHANOL
 IN THE EXPIRED AIR OF SEVERAL HUMAN

'~f_;  SUBJECTS UNDER NORMAL CONDITIONS

.G-Subject'f[f};,g:

R N o L

;' Concentraticn in E ired Air gﬁig /L, 1
ELNAnoL HMethanol _

0.045
. 0,027

o3
- 0.29

0,011
0,094

: ll L1
o.83
S owsey

0.06
0.078
0.074
0,206
0.32
0.49

o
Ses2
'ii“o.253 o

.f 0.17Gf

*These samples were taken at two different times from o
& gubject afber antzblotic treatmanx of the gastro- o
intestinal traot. P : . _ _ o




T
Meal

TIME (MIN)

Fig. 6. Variation in the concentrathn of acetone (,o_)'37f
oo o methanol (-8=) and ethanol (~0~) in the expirved - . .. 0
air of a representatlve hnman aubaect._:,___ ey
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?.Methanol in normal hngah expired air:

i'_"' The concentration of methanol in expired air was
._{:'observ'ad to be renging from O, %/Ag /L. to O, 49#3 o/ Tea
"“ Western and Osbura 4 have suggested that all ‘normal

Limethanol' in humans results from dietary sources. Sone '.": S

support to this point of view may be found since some
- foods, particularly pectin containing fruits sontain or

: produce methanol during growth or processing,14'15 Tobacco ff:f'

also contains m.ethanol.16 However, both the investigations -~ . = .

 of Western end Osburn and the investigations reported
herein show no direct relatiocnship between methanol in
expired air and smoking or diet, This contention is sup-

ported by observations of methanol’concentration in expired_ 

air after intake of food and after long periods of fasting, "“f  _:5

| such as those reported in Table V. _
) ”:: Observation with other subjects 8lso showed that
ﬁethanol content of expired air increased after meals
reaching a meximum between 1 to 2 hours. According o =
Kendal end Ramanathan17 complete absorpiion of a smail :
orally ingested dose of methanol takes about 24 hours in o
man; In view of this the origin of methanol in expired air ;"'
from dietary sources is possible. - .
:- On the other hand sccording to avallabla information in 
the literature regerding the eliminstion of methanol at low ;

concentrations,** its biclogical half-life in man appears v~ -

to be between 6 to 7 hours, Thus if the origia of-methanoi'ﬁiz“"*




o | Dable v

_'vnnxgmzou IN THE CONCENTRATION OF METHANOL
' IN THE EXPIRED ATR OF 4 REPRESENTATIVE o
'EUHAN snBJEcm APTER FASTING AND APTER INTAKE OF FOOD ;ﬁfjﬁ

Hethanol Goncentration lff
o in expired air

- Bortod of Féating.

- e

Coas

Coows
0.35

Methanol Concentration s
S}Ls.zg. in expired air)

Tiﬁe After Lunch




ﬂ.&_ing for 3 hours, the methanol content after fasting forjﬁ
. 17 hours should drop to gbout 0.12 - Mg./L. Tbe actual

R : T - L -2 fﬁ.;
i 4n expired air is attribuved o dietary source alone, the ;f?_
f; methano1 content of expired air efter long pericds of R
ff{faating must bo extremely low. This seems quite un- o
'i reasonable in view of the data presented, Thus if a 5ub-j;
if'ject shows a methenol conten®t of 0.54-)13;/3, aftor fastw~

f_value found however was 0.35 Alg./L. (in subject A Bs :
| indicated befored. S S
B 'f} No significant change in the methanol content of
expired sir was observed in case of gubject B after
 rather extensive antibiotic treatment of the gastro- s
intestinal tract. This suggests that the formation or
methanol in the gastrointestinal tract as a result of
bacterial action is very unlikely. Thus it seens more-;_;;
likely that methamol is produced as a result of some fﬁsl-'
metebolic process, There seems to be, however, 0o cnrrent';
explanation based on a metabolic desradation procesa that ?:

wnuld produca msthanol._

Acetone in normal bumean expired aif-:_ _
" The presence of acetone can ba attrxbuted to decarn'

boxylatzon of aceto-mcetic acid.




" Tn a recently reported work, Gordon and GoldberglB :

iadministered 1-014 gincose, 6-61“ glucose, 1—014 palmitabe :
and 1—014 =) -—h.ydz‘bxybutyric acid intravenously to normal -
ﬁh'human subjects and measured ol 0, content of fheir expire&.f
air at regular intervals. It was found that after admine~ -
fizistration of 1-0* palmitate 0140é was detected in expired':
:E;air in a faw‘minutes and reached peak activity withih'ﬁ?” 
fh.20 to 30 minutes. 01#02 content of expired air after
 ;f'adminietration of the same activity of 1-01* glucose or lf
f? 6-0;“ glucoge was much smaller and reached its peek value
f'after approximately 80 minutes. The auwthors suggested
”iifrom.thase pesults that metabolic degradation of fats
li“goes on in the body at all_timss'although the amount of
g.fat oxidized may be replenished by the formation of fats
'éifrom carbohydrates. In presence of such constant and
.f;activa fat metabollam the by products of fat metdboliam
T;could be expected to e formed and might well explain the .
; presence of acetone as a normal econstituent of expired a;r.i
: ”'The concentration of acetone in expired air was ”'L
: found o vary from 0,08 to 3.5 Mg./L. MNore than 90% of 3
'gjthe samplea showed acetone content between 0,16 and O. 23
.}lg /L. After vigorous muscular activity and after mealS;
- the acetone content of expired air increased.' Thia is in
 :general agreement with the qnalitativa observatxons of -
?orssnsrlg 20 regarding the increase in the elzm;nation f
-of acetone bodiaz in urine after muscular work and after

" 4ntake of rood.m




. L wn. T
" APPLICATION OF GAS CHROMATOGRAPHIC ANATYSIS o
.. OF EXPIRED AIR 70 THE STUDY OF KINETICE = -

OF ELIMINATION OF ADMINISTERED VOLATILE COMFOUNDS

e vtk it Pt

%} The géé chromatogia@hic.msthod developed.aé a.rééult i“
. of this research end described in Section I offers a sig-
I';?nificant tool for the investigation of metabolisam of ad~'3
_:j ministered compounds which are either volatile or give E
S?Irise %o volatile products on degradation in the body. f
'; Teing this technigue the kinetics of eliminatbion of :: :
'Eﬂethanol, acetone, isopropanol and paraldehyde was studled.
" paraldehyde is mainly eliminated as such in urine and .
. expired air althoush a very small fraction may be ox;—' T
dized in the body. In comparison to this ethanol is -
painly oxidized in the body while & small fraction is
eliminated as such in urine and expired air. Both iso-.'_
propanol. and acetone when sdministered show evidence of  : L
jpterconversion in the body. In both the cases the elimie
' nation takes place mainly in the form of acetone. Thus ’f
these administered compounﬁs velong to three distinctly |
different categories, The resulis of the oxhslation
gtudies are considered in the light of the theoretical
conszderations of ths elimination kinetics of orally
administered compounda 88 elaborated iﬁ the next sub-




'.Theoratical Consideration of Eliminabtion Kinetics

. of Orallz Adminigtered Compounds Sl

as described earlier if a compound sdministered is'f f_'

'sufficiently volatile the information about its concenw—
;tration in expired air can be used £or understanﬁing its'i
" eliminstion kinetics from the blood, R T
T ppe fipst systematic attempt at mathematical inter=

7; pretation of blood level data of administered compounds -
" vas made by Poorell®® in 1937. He suggested the rela- .
. tively simplified scheme for drug distribdution in the

gﬁ'body as shown:uf7vrﬁ7

'

Drug in tiaaues and othar fluids of distributlon )

g Drug iR — Drug in 'é' excretion of
“. depot ~4-—-—— blood _ unchansed drug

Drug.metahoiite(s)-————;# Urinary excretion
. ..., of matabolite(s)
”'The drug depots, blood, urzne, stc. are considered as L
'aeparate compartments, and the passage of the drug from ﬁ;
. one to enother is considered to be regulated by one or

- more rate constants}: In moat cases thsae constants are -

explain the kinetics of absorption, ﬁistribution, excra— ;:~

tion snd wetabolism of many pubstances.

: ghown to be first order rate constants. Even though this - ]:f

scheme is rather simple, it was found adegquate encugh to f{"'




. The next gystematic attempt at mathematical inferf
pretation of blood level data of orally administered
compounﬁs was a modification of Teorell, by Wagner and
Nelson.21  Phe method given by them ccnsists of consins
deration of different kinetic models based on the
assumption of werious patterns 6! absorption, éxcratian
end metabolism of the administered compound. By oo ;
parison of the blood level data with the blood level
papterns deduced fLrom different models, important in-

formation can be obtained sbout the kinetics of elimi~ -
pation and in certain cases also the kinetics of co
\dbsorption of the administered compound. '

| \ The models considered by Wagner and Kelson21 include,

'3 (1) Zero order absorption followed by first
R order elimination.

Zero order absorption by two aimultaneous'
" mero order absorptlon processes indepen=
7 dent of each other followed by first orden

. elimination.

Pirst order absorption followed by first
~ order elimination.

" Absorption by two simulteaneous independent
.. fiprst order absorption processes followed
7 by f£iret oxdexr alimination.

Absorption by simultaneous first order and
~ zerc order absorption processes tollowed L
- by first order alimination. R o
. The main purpose behind thase modela was to explain

_the abaorption end elimination kinetics of v&rious dosagef
" forms including suatain@d Teleoase preparations.
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'_:'a hodified approach based oﬁ +the work 6: Wagrer and :H}:ﬁJ
"Nelson can be used for the consideration of eliminaﬁion'ﬂsi
kinetics of volatils compounds. The assumption of a donw.Ef
stant "apparent volume of distrivution® (V) is important . i
ﬁﬁffor the consideratlonlof these models. The concept of __"
fw1apparent volune of_distribution was Lirst introduced by |
.ﬁ; Dominguez2g in connection with kinetics of sbsorption of
' certain drugs. Although in certain cases it may be di-
r5 rectly related fo blood velume or total body fluid vclume;i
-f:it should be pointed out that it is strictly a mathemati- .
:i cal constant relating the amount of the sdministered comé_:
' fpound absorbed (A) and its concentration in blood (¢) in
i absence of elimination of metabofic trassformation. Thus
. in the absence of eliminatioﬁ or transformation A = C + V,
' ’13 When the volume of the orally administered dosage -

- form is rélatively small, the effective wolume of the _
. source of absorption'process (Vl) is usualiy assumed to be .if
& congtant relating the concentration of the compound in .l
the gastrointestinal fluid (@) at any time, snd the emount
of ~unabsorbed compound (U) at the same time, such that o

_ f. The first ordsr elimination constant Xe similarly is i
the Yotal sum of all,independant first order elimination -

processas of exnretion and metabolic degradation.-‘*
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Hodel I - First order absorntion followed bz

first crder elimination

ul > ke‘;

- .

o .ﬁhen the concentrétion of the compound being absorbed s
: :is.relatively 1ow in the absorption source as well as in
" cagses where the sbsorption is more or less diffusion con-
tpolied it is logical to sssume that absorption takes s

'ﬁx.?lace by first order process."In such a casa;'ﬁfffgj;~.v:f~=f= .

" 411 terns have their previous definitions, G, is the
_f_initial gastro—intestinal concentration, and A, is the
,l.total drug adminiatered._ Integration of this equatzon
followed by substitution of the integration constant with o
‘the value obta;ned from the init;al conﬂitions (t - 04"

G = o) one obtains,




large values of ty

a'Thus for peletively

_ [ 4f x_ is smaller them k, and S

.ir ke_is smal;e? than ka.

two rate congtans bécomes'the rate 3f 3

' Thus the smaller of
" determining comstant.

' . Thus the apparent half life of disappearance of the_f

.. subatance observed in such a case is not necessarily
‘5?1(0 693/k,), as usuelly assumed, ', unless there is suffi- f:
NQ; cient evidence that k, is greater than k. )

SR - The semilogarithmic plot of 0 versug time in thzs
.ﬁ mode1 will show an apparent lag time the value of which ,  .
i;-wlll depend on the relative magnltudes of k and ka’ other f

71'£actors being (unassumed) constant.

Model II - Zero order sbsorption followed by first -

order elimination - .7 -

Y : g
. @ -«3—-—& c...,.,..a_;.._ e
L ”; When tha dose of the adminiatered compound is rela—.f
léTrively large or if the absorpbion takes place through a -
?Etransport mechanism that is sble to be saturated at rela=
" tively low concentrafiona of the compound being absorbed,ﬁ

:fthe abgorption is 1ikaly to be a zero order process. If B

this is rollowed by a first ordar alimination process, __f-




'ﬁiftution of the value of the integration constant using '

55-_f;“

-whexe kg is the zero-order rate constant for absorption R
gnd all other terms have their previous meanings. Inte- -

. gration of this differential équation followed by substinnz&ﬁﬁ”n

" jnitisl conditions t = o, C = 0, one obtains, ?1 '."”

T e e
0w g (1-9 e.)

- Thus G exponantialiy approachea a. maxcimam steady atate ;ﬂ
: value of k: e For any finite total amount (At) of the
: admlnistered compound' howevar, the &bsorption is complete:f
e QQFJ-ktvl L P . L e
cat bt = and the corresponding value of the

" mextmun blood 1evel_1é; f2ijH

Thus beyond C, | wax, the decreasa in C becomes first order
with respect to tima with ths apparent halr 11fe of f:”'




.“.. through %he liver are pertially re-excreted into the '

(0.69§/k') S In thia case, in the semilogarithmic plot 5 5f1.'

of € versus time, no ¢convex portion can be expected as

the concentratxon decraasea from ¢ —_— '
. -

Model IIZ - First order sbsorpbtion with simultaneous .

Jﬁ-ggcycle and first order eliminatiom

: Many aubstances when orally administered are known

to exhibit enterohepatic recycling. These substances are  3;'3:5ff
absorbed from the gastro-intestinal tract and on passage R

| " gastro-intestinal tract. In such case if k., denotes the . -

A T

-”f'first order re»excretion constant then,_cff."

1 Y vifeaey T
krc .( ) and "%‘f;_ ‘T( g‘b) __‘ kec__._ A

} Inltially, when 0 is vary small in comparison to G )




Thus for initial portion the equation assumes the form - .

similar teo that for two consecutive firat order processes B
ag in model I. ; ' '

*f Ik, and k, are relatively much 1arger than ke, a

teady state is soon reached such that G/C is nearly equalfi¢
to zr/ka and therefore substituting the value of G ia the e
equation for e e

gg » one obtains,-:'”

i and ﬁha value of the final apparent half life ia

+

f In the portion between thesa two extremes the rela-~

ﬁ tionship between C and time is complex and can be given

'; by the simultanecus solution of the differential equations 5 f“';;;f
"f'(i) and {ii), a difficult process mathematically, but the

graphs for such a solution nay easily be produced by analog
'Zcomputation.' ' ) :

:f - B. Studies on Exhalatlon Kinetics of Paralaehyde

_ Although paraldehyde was wzdely used 88 & hypnotic :__
for a long bime, the informetion about its elimination ' -
kinetics is virtually absent in the literature. As man-'1 : }f

 tioned eerlier most of the paraldehyde administered is - .- -
excreted unchanged although a small portion may be meta;:fJ %:j<;E
bolized. .In the studies reported herein, exhalstion .




'kinetics.of paraldehyde was studied after oral administra-'}:fu
.tion of a small dose,

- Two milliliters of paraldehyde were administered %o
the fasting subject in hard gelatin capsules with as '
_ :little water as possible %o ensure that the absorption' 
_Ti took place as rapidly as possible without oral contact. o
. ; At reguler intervals the expired alr was analyzed accordins .
iiﬁto procedure described previously. The expariment was f;”'"”f’

-_ﬁ;repeated with several sublects.

'f'Résults= _ 

i Fig. 7 showa 8 typical semi«logarithmic plot of the f”

'f.concentration of peraldehyde versus the time after admin-” gQ-J.“5?7"

; istration. It shows the following featuras,

The absorption of paraldehyde wasg
.;.very rapid ag indicated by steep
¢ dnitial rise of the curve.

f:The curve soon assumed the form of a
v short "platesu® which lasted for a
- period of 2 to 3 hours,

"~ The plateau was followed by a rapid i
.. fall of concentration of paraldehyde

o in expired air which continued until
Fo it flnally became exponentzal

_ Since tha absorptlon appears to be very rapld in the -
initial period it can be assumed that the absorption ?'ﬁ;:_

procass is not the rate-datermin;ng step in the elxmina- _f_;_]L

tion kinetics of paraldehyde. Hence the apparent half_,f ::le;yf"

life values obtained ffom thé semilosarifhmic plota araﬁf ﬁf‘--~-f
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. section this-obaervation wag attributed to coincident&l.

elimination rate constants.

Discussion of the results:

" apparent half life for different studies made with the
;5f'same subject was found to be muck’ less than that between

fffdszerent subjects, as might be expected.

- It was observed that in ail subjects the experiments

ff:in which the values of apparent lag-time were smaller,

ff the half life of paraldehyde was also smaller, suggesting e

ff that experiments in which the absorption was faster, the

" apparent half 1ife of paraldehyde was smaller. However .-

gfin view of the various models considered earlier in this

'-;“variationQ; Wagner25 in his article on the interpretatlon

; of semilogarithmic plots of blood level .and urinary ox-

- eretion data considara that the rate constent for the fL

‘ clearance of the drug in the body should be independent o

" of the route of administratlon in a given apecies.'~

assumed to be the values debtermined by the values of the.F'”'.

' The values of apparent half life and the approximate'fﬂt
valuas of time after administration after which the de- ':"{"
@ erease in the paraldehyde concentration in expired air ':“' ' ":
;f became exponentisl (apparent lag time) are listed in Table ff   H}:
g, R e . IR

o n:u The aﬁparent half life of paraldehyde varied between
7 280 min, end 435 min. In general the variation of the




: ; PABLE VI

EXEALATION KINETICS OF PARALDEHYDE FOLLOWING ORAL
 ADMINISTRATION OF 2 mls, OF PARALDEHYDE TO
DU masmivG suBECS R

Apparent .

.. " Apparent
_ 1ag—time s

' half life

U 1bes. 0 405 min,

" 3 nre. ;; 1. 280 min,
9 hI‘B'. .. ‘ 4‘55 mino_
e
o 11 hrs, - 405 min,

" less tham " 375 min,

less than
. 6 hra,*

_iess than .
& hrs,* -

. ¥

340 mam,

296 min,

Y :

could not

13.5 hrs, 405 min, : '

* In these experiments the value of apparent lag time .l C
be correctly estimated from the dsta recorded, - - '
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Volenbruck24 had observed in case of ethanol alima—-;f

nation curves at differant doses and after Lasting and .
‘after food ingake, that despite large variations in -

absorption processes the elimination curves became equal ff.'

in all cases after complete absorption., This indicates_f?v

o Thus in the absence of any reasonable axplanation _”;____ e
; the variation between the values of apparent half life 3 g*ﬁ;g _fﬁ;E

" and spparent lag time are assumed to be due to blologlcal o

=ﬁ'variation."

L

4 4 Brief Survey of the Previous Methods of Stu*x :3 '}_]1f j;f?
of Elimination Kinetics of Ethanol ' e
Si-=SSaenetion Rinetics of Fthenol

v The first 3ignificant attempt at mathematical 1nter~.;.

g;.pratation of elimination kinetics of ethanol in experi-_;
_i mental animals was made. by Widmark.25 After adm1n15tra~

:f'tion of alcohol to dogs, samples of their blood wers .

:.analyzed 6 at regular intervals. Alcohol from the _
'samples was distilled out and absorbed in 3K sulfuric acid.

k A known amount of potassium Gichromate wasg added to oxi- -,

? dize ethanol quantitatively to acetic acid and the excess
ot oxidizing agent was estimated bromometrically, The’;

results indioated that the elzmination of ethanol waes a '

‘zero order process. Various modifications in the S




.dichromate method of determination of aléohol level of

blood were suggested by different workers, Notable

among these were the methods suggested by Haggard and f-
Greenber527 and by Hargex 28 n 1934 (later revised and .

;'the first time instead of blood ssmples.

© A much more gensitive method of determination of -
. ethanol concentration in blood based on the reaction

“between ethanol and diphospho-pyridine nucleotide (OPN)
fin bresence of crystalline alecohol dehydrogenase was -

./ developed by Bucher and RedetzkiZ? and by Theorell and

. Bonnichaen3° in 1951. fThe method is based on the deter- '

. mlnatlon of the initial velocity of the reaction,

Ethanol + DPN m“emmeme + DPNE 4 E'

in a buffered solution at kmown constant pH. The aleohol .

.. i8 first quantitatively distilled from the blocd sample

Lg:and the agqueous condensate ig used for analysxs. Semiw o

’Q'carbazlda is used to suppress the raverse reaction by
'f reacting with the acetaldehyde formed.

;'apectrophotometer-”

}Himproved5). These methods wsed expired air samples for .f*  “'
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_ Results obtained by Fritz sud Marshall®l indicate
that the enzyme method is very accurate and can be used
Yo determine alcohol concentrations in blood as low as
10 mg., % (which spproximately correspon&s‘to the ethanol
level of 50)'/L. in expired air). The analyeis of dog -
blood showed that the acouracy of the method was within
-9% et an ethenol level of 30 mg.%, ' '
o he first gas-chromatographic msthod for determina—

tion of the concentration of ethanol in blood for medicoe

This method employed direct injection of blood fﬁ
sanples into a gas ehromatograph using = column of 40% -
;:castor wax on Chromosorb and fl&ma ionization detector.:f
 The effective renge of determination of blood alcohol

: concentration was reported to he from 23 mg.% to 180 mg.%';

;with an accuracy of ~E%.
“ - This column shows an overlap between acotone and

. ethanol peaks, however, and since acetone is always.prenf
sent in blood, this method is unsuitable except when the
:blood level of ethanol im very high., Furthermore since B
lthis method uses direct injection of blood samples the
Eg;column has to be changed very often, Similarly special -
?E;devicea such &8 rolled stainless steel gcréens have to be
 ﬂfused with varying success to protect the injection port
?'rrom contamination and also must be replaced often,




‘that although meny of them (particularly the enzyme )
mathod) may be extremely accurate at high concentrationé o
of ethanol in the blood, none of them has a sensitivity }i}f 
comparable to the method based on the condensatlon of - i

expirad air reported in this work.

;2 EKinetics of Ethanol

: ) Uidmarkas who. made the first systematic investiga—_*i
- tlon of elimination kinetics of ebhanol, concluded that -
hthe elimination of ethanol from the body ig & zero order o
fiprocess and thna obeys the following relationship,

A .-~ Yr (Ct + Bt)

?_;wheie A is the total amount of ethanol consumed, W is the

:E body weight and Cy i8 the concentration of ethanol in  ,:ff 5
ff'blood at time ¢, r and B being two constants,

:L: Widmark's conclusion was soon challenged by various u'

ff workers. Haggard and Greenberg,35 using the method of -
':Qlanalysis of expired sir by dichromate methoed, found the
" elimination of ethanol to be a first order process with

;'an average elimination rate constant 0,18 per hr., -

] the oxidation of athanol by diphosphopyridine nucleotlde f”]T

| 4 e¢ritical examination of the methods of determjnaﬁ,vﬁ;,.. ...
‘tion of the concentration of ethanol in blood indicates   ;7,T.'”

;; A Brlef Survey of the Past Work on the Ellmlnation ;f;“_'E:"5” 

Ff Lundqu1st and wblthers34 demonstrated in 1958 that fﬁthff




Physiologicel conditions broceeds according to the

- familiar Michselis-Menten kinetics. They also found
-using the more sensitive ADH-DPN method of analysis, that
‘when ethanol is adninistered in small or moderate

doses, |
sbout 2% of it is eliminated in expired air anmg about 1% 'f

in urine the remalning being elimipated by oxidation in
the body. Hence they suggested that the elimination of.

ethanol from the body rollowa a nechmism Ior which ono
nay write the equation, 3 !

¥ and Km' are constants,

. Thus at very high concentrations where K, 18 assumed

: ¥ery smsll compared to c, —g‘%—- is nearly equal to V.
This accounts for the pseudo-zero order elimination at
e relatively high blood levels of otha.nol.

. On the other hand at very low blood levals, Y :Ls
amall compared to K, and hence the olimina.tion ‘becomss
pseudo-tirst order with k - (V/Km).

TN Dhe intagration of the oz-iginal dirrerential
'equa:l:ion givea, '




" In the experiments carried out by Lundquist and

_Wolther33¢ with humwan subjects after ingestion of ethanol

:the ‘analysis of alcohol concentration in blood at various

fj values of ¥V wore also close to the values of V. for

'1ogica1 conditions of pH, ianic strength and DPN concen-
tration, .. SR B ' -

» wblthera are listed below.'}”“

5 - '54 to 77 wMJ/L, /nin,
Appsrent half life e

beriod for the pseudow N R
first—order portion : 13.5 Ho 20.5 min, -

B, Studies on the Exhalatlon EKinetics of Ethanol

'ﬂ  Ths object of these studies was to study the elimi-
:.nation kinetics of ethanol, particularly at very low SRRV
‘concentrations where the previous methods of analysia are
 unsuitable due to Limied sensitivity, '
- Procedure ;jﬁgi*-; . e SR
' Seventy-five milliliters of - 335 v/v ethanol was '_ ]
'.orally ingested by the subject within one minute, Each .

of 50 mls. or water in order to reduoe the error wbich -

_.illteﬂals sesnmad to confirm the suggested mecha.nism. The TR

H'ncrystalline Iver alcohol dehydrogenase under the physio- L

'1'The Tesults of the inveatigations of Lundquist and fj_-fL-'”

Constant N _  _“f1_ Range S

subject Yhen rinsed his mouth with 2 successive portions ff:m""”’”
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- would have otherwise been caused by the residusl ethanol_
~on the oral surface. 4% regular intervals the amount of
-ethanol in expired-air wag determined by the condensation
method deacribed before, A blank experiment was done
-without ingestion of othanol, by just holding 33% v/v _

:athanol in mouth for one ninute followed by rinsing th?!

pouth twice with 50 mls, of water, ' o

_: It was found that the error cauded by the residual
ethanol even after rinsing the mousnh twice with 50 mls,
f_of water was not insignificant in the beginning, However
- the extent of erroy dropped very sherply with time ang f”
itor readings beyond 20 minutes the Tequired correction
was negligible, (Fig, 8) ' '

- Ethanol was administered as a 33% v/v solution be=
cause as indicated by studies of Lolli and Rubin3> ang in
preliminary studies by this author the absorption of :
a&leohol can be expected to ba:very Tapid at this concenw
tration, The same amount of alcohol if administered in
G;ihigher concenfration would produce gastrie irritation andi
:;1would deléy absorptioh due to stimulation of aecfetion of

_;.gaatric Juice, S S o R
e The determination of the concentration of eﬁhanol-
", in expired air was continued t1ll it was below 1‘/43./3.

- Results and discussions . “;f :5 S
- _'1 typioal'graph of the concéntration of ethanol in

" the expired air following ingestion of 75 mis, of 33% v/v




W b0 O~ OO

| ~ Min. — I

T : 0 : 20 30 S 40
Fig., 8 Ethancl exhalabion correction for oral
: ... administrabtion. P S

o

- air caused by the oral adminigtration of 33% v/v
ethanol according to the procedure described. .

ji E - Error in the concentration of ethanol in expired =




Dundquist and Wolther3* pegeq on Michselis-Nenten type .

: mechanism,

. t0 30 min, as coq.
- pared %o 13,5 min, %0 20,5 min

:f: (V/km) values Obtained from th
;f tions of Lundguiss and Wolther

) . L
+ &8 would be expected fropg -

e results of the investigan
a, 2%
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' Fig. 9  Exhaletion kinetios of ethanol followin
... .. oral a%ministraticm of 75 mls. of 53% v/v
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. Table VII
" EXHALAPION KINETICS OF ETHANOL POLLOWING ORAL
" ADMINISTRATION OF 75 mls. of 33% v/v ETHANOL
SRS mo FASTING SUBJECTS

" Expt, ne. ~ Apparent half life (min.) PR
N
-
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determination of only acetone in blood, The most impor-

- tant one from the point of view orf gensitivity is PLOw ST
; bably the method reported by Dumazert and Garrigues.s? This ff**“”
f method based on conversion of acetone to difurfuryiidene~- |

‘acetons followed by colorimetric estimation at 5350 4° ig

reported to estimate amounts of acetone as small ag 1 Mg
_With an accuracy bf =5% (when preceeded by microdistlllation AR
| of sample). Thus this method can be considered to be ef
“?iﬁ'fective for determination of acetone eoncentration in the fifi“'“'““
-iﬁ.blood az low as 1 ng./L. ' ' '

" With the gas~chromatographic method described in

" Bection I concentrations of acetone in expired air as low _351; 39'53i

- '&3 0.01 M#3/L.. can be determlned with comparable accuracy._fV}”
fé Using the partition coefficient of scetone between blooad
3  and air as determined by Haggard, Greenberg and Turner38
f (330:1) this woula correspond to a blood, ; concentration of _
_L'approximately 95/“8/L. Thus this method is about 300 times i
_ i;as sensitive as the method'by Dumazert and Garrlgues with
Z?:the possibility of much hlgher sensitiv1ty with better ?5
i:basellne control..fﬂ”'"' ' ' :

N Studles on Exhalatlon Klnetlcs of Isogroganol and
: Acetone ;Hi;jf R Lo

* ”Both acetone and isopropanol are wzdely used a3 in- Q”
7Idustr1al chemicala and therefore had attracted the atten—fF

.f tion of industrial toxicologists. Scopinuro, Gluang and
TIGecco4° fonnd that when acetone is administered s B
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:inﬁr&venougly, a ﬁart of it is converted to acebo acetic '_ '” e
acid and B ~hydroxybutyrie acid in the body end the other S
- Part is excreted in urine and in expired aip, Price and --:,fﬁfz'
'Ff Rittenbergtt using radiocactive acetone found that the  _;';ffo_

'Jfﬁ-activity was transferred to various different substances

in the body such as fatty acids, urea, Blycogen and -
cholesterocl. This suggested that acetone was partly

‘?;foxidized to acetate in the body and then underwent a . - _
%;:variety of biochemical transformations involving varioué'fh?ﬁr

f metabolic cycles. It was also known for a long time that .

';fzisopropanol is oxidized in the body to acetone, Howeven f 
';f'practically ne information is reported in the literature

ff_abour the elimination kinetics of' acetons op isopropanol.
z; In the investigations Teported herein, small doses of o
:izacetons and isopropancl were administered orally and the - f;iﬂ:'“
zf.kinetics of their alimlnation and interconversion was
" studiea, | {
_7 Procedure,,"
 ” . Acetone or isopropanol (2 mls,) was administerad P
.f'orauy in bard gelatin capsules with a small gquantity of
- water to fasting subjects, 4% regular intervals the cope f
'centration of acotone and isopropanol in éxpired air w :
 determined by the mathod dascrlbed in Section I, 1Tne f  
. results of the investigation are reported in Tables VIII,
IX and X, Fig. 10 and 13 indicate the typical graphs of
variation of tha concen?ratiqn of acetone in expired air f
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Table VIII
P AP?AEENT HALF LIFE VALUES oF ACETONE IN EXETRED AIR
Lo | FOLIOWING

; (i) ORAL ADHINISTRAEION OF 2 mls. OF ACETONE, AND Sl
(ii) ORAL ADMINISTRATION OF 2 mis. OF ISOPROPANOL 70 _n *f i_} yf;i
' PASTING HUNAN SUBJECIS | IR

¢ Appavent balf life (min.) - .
IR - 159
2 T 126 190

B B 175




/" BELATIVE CONOENTRATIONS OF ACETONE AND ISOPROPANOL
~ IN EXPIRED ATR AFTER ORAL ADMINISPRATION OF 2 mia. .
OF ACETONE TO A PASTING HUMAN SUBJECT -

Time After "' Concenbration in - .- - Ratio of = -
adninigtration Igpired air Mg, /L, ' Acetone/Isopropanol

B o Acetone Isoprogano; ' in expired air*

304
24

274
719.5
©. 5645

3f€:*Average ratio or the concentration or acetone to the
% eoncentration or ‘dsopropanol in expirea air » 31,6,




Table X :

- RELATIVE CONGENTRATIONS OF ACETONE AND ISOPROPANOL _
| IN EXPIRED ATR AFTER ORAL ADMINISTRATION OF 2 mls.
OF ISOPROPANOL TO A PASTING HUMAN SUBJEQT '

Concentration in B - Ratio of o
gxpired air Mg,/I., ascotone/igopropancl
cetone _lsopropano in expired air*

425 7 8.3 51

" siverage ratio of the concentration of acetons to the
- iy concentration of isopropanol in axpired alp = 36.1.
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Fig. 10

Congentration of acetone in expired air = - . . .
. following oral administration of 2 mls. or FPE

acetone to a fastms sub:lect- R A




- %)

NE

. Fig. il - Concentration of acebons in expired air - . o
s Tollowing oral administration of 2 nls, of S
T dsopropancl to a fasting subject. A




respectively to fasting humean subjects.-"“””-'“

Resu;ts gnd g;scussion:

" Both isopropanol and acetone are absorbed very

version in the body as clearly demonstrated in Tables IX -
snd X, In both cases the concentration of acetone is SR

mech higher then that of acefone in expired air as well i{]

form of acetone in expired air and in urine rather than fﬂfu:
as unchanged isopropanol, = o ' o
" The increase in the concentration of acetone in |
'expired air was very sharp after tha adninistration of _
‘either acetone or isopropsncel. The maximmam concentrétion f
(is reached within 3 to 6 hours the period varying greatly'}
-in different experimenta. | | _ -
*. The decreasa in the concentratlon of acetone in _
explred air was scon observed to become exponential with :i
respect to time, . There was considerable variation in the.f
apparent half life values obtained in different experi~
ments, ~ The extent of the variation was larger tﬁan inf  
.case of the apparent half life values for elimination of

- paraldehyde or ethanol as reported in the earlier part of' ;
""" tnis section. The apparent half life of acetone in

-f axpired air following oral administration of acebone  7
'ﬁfvaried from 100 min o 235 min with an average value of-:‘

following oxral adminiatratlon of acetone and isopropanol :ff““'"'”

'rapidly.ag The results ghow that boeth undergo intercon~:f ﬁ _l.-“5

a8 in biood. Thué igopropancl ig mainly eliminated in the': f”




151 min, FPollowing oral administfation of iaopropanol:ﬁ
; the apparent half life of acetone in expired air varied
_from 120 min. to 190 min. with an average value of 152 -
. min, fThe gemilogarithmic plote of the concentration of
_lacetone in expired air following orel administration of

- acetone end or .‘I.Bopropanol with z'espeot to time are . -

Jnearly the same,

" Thus it appears that the process of intercenversion
of acetone and isopropanol in the body is extremely .

" papid compared to the process of the elimination ot 1}
either of the two and that the elimination of both occurs -
- by the same pathwaya, namely,

“3Excretion in the form of acetone in
.. expired air and urine, -

Exeretion 4n the form of isopropancl R
" in expiraed air and urine, and

Oxldation to aceto eacetlic acid and
acetate.

‘It was therefore logical to investigate whether isopro-

Tpanol and acetone were in equilibrium concentrations in
~the body during the later parts of the experiment when .
:sufficient time had elapsed after the absorption of all
(or practically all) of the administered substance. The
‘results are listed in Tables IX and X. The estimated ..

'ratios of the concentration of acetone and isopropanol _
‘were not constant, but varied fiom 19.5 to 56.5. The .

variation was found rendom and had no apparant relationship




- to the blood-~level of scetons (or isopropanocl), The “"w
' average values of the ratio however were 31.6 after the

- administration of scetone and 36,1 after the adminiatra—
'tion of lsopropanol.

: '_ In view of relatively lerge standard deviation iy -
the determination of acebone and isopropanol concentraw
‘tionas rarticularly at lower values, the variation in the'?
estinated values of the ratio of the concentration of  °

'acetone to that of isopropancl may bé considered to be
within the limits of biological variation, = o
¢ Thus the results suggest that acetone or isopropanol




CONCIUDING REHARKS AND THE SOOPE OF FUTURE WORK S

The study of exhalation of orgenic compounds in

human expired air has assumed increasing importance in :5 :!:,.2_::
. Tecent years. IV has attracted the attention of workers =

© whose primary inberest lies in widely different fields, ~ =

“ such as clinical Investigation, industrial toxicology, éf:jﬁ_'}”n,“
- biochemistry and even sPaceubiology. In view of its very f7; 3:ﬁg”
" high sensitivity, convenience and speed the method of :

. enalysis of microquentities of organic compounds in -

_be & major contribution for investigations in the fields f;?“"""
. mentioned above, Its scope might ,be significantly in- f‘_  _
. creased if used in conjunction with radio~isotope tech- ;-"“

nique in the investigation of metabolism of volatile
:compounds. S ‘ '

. In the fields of pharmacy end, pharmacology the
'technique desceribed in Section I suggests meny uses,

'especially for the inxestzgatlon of absorption and
:exuretion kinetics of drugs, .- '

- Another interesting possibility may be its appliqu
cation to studies of the in vivo disintegration of -ﬂf

enteric coated end sustained release dosaga forms such
‘a3 those containing & substance that on absorption is j
-ifirapidly transformed in the body to a volatile organic L
N compound. T A A S




'. g2,
Filnally it nmay alsoc be possi‘ble 'Go use this method, =
for the investigations of pulmonary absorption of organic

compounds fox which the sensitivity or tha method has to :'

be extremely bigh. '
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g : o ABSTRAGT ' _
Ezhalati.on Kinetica of Some Volatile Organic Gompcunds
e . ARUN BHALCHANDRA KULKARNI = :
(Und.er ‘bhe superviaion of Associate Professor Stuart Erikaan)

The anal‘ysis of expired air for the determination or
vlood concentrations of administered compounds that are
relatively volatile offers several advantages over direcf
analyaes of blood or urine samples. Due Yo extrensly large
surface of the pﬁlmonary membrenes, the volatile organio :
compounds are distributed between the blood and the j}f
alveolar air in & meanner closely spproximating thelr
partition coefficlents. Since alveolar air is also |
saturated with respect to water, a flash econdensation of
alveolar air results in an agqueous solution the snalysis
.of which can be used for the caloulation of the concentra-
tion of the volatile organic compounds in alveolar air an&
_thua in blooa. For experimentsl purposes the use of vita.'l.
_ca.pa.city air equilibrated by holding the breath ‘at the B
'poin‘l: of maximum inspiration for & short period can be
shown to give the same results as alveolar alir. ' i

_ Since the vapor pressure of water is 47,1 mm. at
body temperature the flash condensation technique givaéﬁ 8
. condensate in which the concentration of the volatile ;

. organic compounds originally present in expired air
sample§ is increased approzimately 22,800 t'imea their -
origizml ooncentration in the expired air, ms coupled.

B e FP Y

e T




. with the high sensitivity of gas-chromatographic snalysis

offers & highly sensitive method for the analysis of39
< yolatile organic compounds in expired air ab very low .
- ‘concentrations. "It also has the adventage of specificity3
as compared to microchemical methods of estimatzon._fz

 : Gas chromatographic separation of a dilute aquecus
solution containing a number of organlc compounds such as -
ethanol, methanol, scetone, acetaldehyﬂe_and’paraldehyde.ﬂ
is complicated by the broadgning of the chromatﬁgraphic- 
peaks of the individual compounds by the large excess of'
water present as solvent. The stationary phases recompfg
mended Ifor gas-liguld chromatography or alcohols, ketonesa
ete. were found very wnsatisfactory. ' "_“

. After a series of exhaustive investlgations columns
prepaxed from a combination of stationary phases S
{(¥,N,N',N!, tetraethylsebacamide snd behenyl alcohol and
other closely related comblnations) were found o give 45
satisfactory separation of the compounds mentioned before.
The analysis was done using flame lonization detection  }*
axd the peak height method for gquantitative estimations.

_J' An investigation of peak height studies for*analysis
of solutions of ethanol, isopropanol, paraldehyde and f
'acefone af different concentrations indicated that the
;:peak height method of qnantztatlve estimatzon has good
| reproducibility and that paak height for a given sub-
stance is proportional o its amount over a wide ranse

under identical conditions of analysia.'




"The sens;tivity of tha mathod wasg found to be 5$~€V”*Hﬂ”ﬁ

.sufflcient to estimabe compounds such as ethanol, methanol,nmz*

acetone and paraldehyde in explred air in concentrationa B
as low ag O. 001/“8 /Ia. . '_ _. .. | . .

" Analysis of expired air of several normal human y__
sﬁbjects indicated that etbhanol, methanol and scetone are

" alwsys present in human expired ailr. Their concentra~

. 4ions in expived air varied from 0,01 to 101 M g./%.,s

" from 0.06 to 0.49 Mg./L. and from 0.08 to 3.54}18./L.'=:;:

.respectiVely;' The presence of methanol in expired air o

cannot be abttributed to dietary source alone because -
expired air of subjects after 1ong period of fasting did ~3F.
not show the expected large decrease in the concentration ﬁ
of methanol in expired air upon fasting. A 3ubject after
extensive antibiotic treatment of gastrointestinal tract
‘showed no significent change in the methanol concentra- B
tion in his expired air theredby suggesting that the pre-
sence of methanol in the body cannot be attributed'to ité
formation in gastrointestznal traect by bacterial sotion, -

j.'f:_ Elimination kinetics of Parald_eb,yde, ethanol, 8.08170319,

and igsopropanol in human subjects followzng ingestion of -

 relatively small doses was studied.,. s S

"_: After administration of 2 mls. of paraldehyde in fﬂ
hard gelatin capsules, the apparent half life of paralde-_ﬁ
Lyde in 10 subjects veried from 260 min. to 435 min. The .

 variation in sbsorption was however much greater, |




' f After oral ingestion of 75 mls; of 33% v/v ethanol,
:the absorptxon wag very rapid reaching the maximum level #
of ethanol in blood in less than one hour in aimost all
: cases;' The semllogarithmic pldt of ethanol concentratioﬁ
in expifed gir versus time showed a distinct convex ' ":“'
nature even after sufficlent time after the time when?]g
absorption can be assumed to be completed., However this ;
portion of the curve did not obey the equation suggastad}?
by Iundquist and Wolthers based on the Michaelis-lMenten
mechenism. The decrease in the concentration of ethancl :
then becsme exponential with an apparent half life vaiyb:f
ing from 20 min., %o 30 min, in different subjects, 5?"'

Acetone and isopropancl showrclear evidence of iﬁtér; ;»

conversion in the body. The apparent helf life values of -

acetone concentration in expired air, and the average rabio

of the estimated concentration of acetons to that of iBow
propansl in blood at differend times following the adminis—
tration of acetone and following the administrfation of
'iSOPropanol were nearly the same, This guggests thatb the
process of interconversion of scetone and isoproyanol in'f
.the body is much faster than the process of elimination of
:either one and that both isopropanol and acatone thus o
‘ghare the same pathways of elimination. -

| Appr#“ﬂa:./ﬁ 4 24,“.
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