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SUMMARY

This communication describes the design and’ construetion of a new external injection

naort for tha direct dga——-‘rnnn‘ nhrnmgfnmnh-n ﬂ“ﬂhﬁlﬂ of volatila’ comnounds in wﬁn‘ln
porv Ior. gas—qur Lograpalc mpo Wig.

bhlood. Aliquots (4—40 zl) of EDTA anti-coagulated blood containing the volatile compound
and. a weighed: quantity..of the infernal standard, isobutanol, were injected into the dis-
pomble glass woaol filter of. the heated mxect:on port. The volatiles released were led by
means of the carrier gas stream dn'eci:ly onto the chromatog:aphxc column. 'Iypxcal data are
presented from ‘chromatography performed with dual 6 ft. X 2 mm LD. glass columns
containing Chromasorh 101 - programmed from 110—180°" at 6°/min and the external
injection. port maintained -at 180°.. The method eliminated the problems usually associated
with direect. mjectlon methods and permitted the accurate analysis of halothane, methoxy-

ﬂ«n—nnA c‘-g‘-kn‘ 'al-ka- nnfl A&“ann‘ .‘\ﬂn- tha annravimata ranca 1—1nn me%. 'Tmnrr this
urane, | Ver Lae approximale range mglc. vsing wals

analytxcal prqeedure ‘the dxétnbutmn ot‘ halothane between the cel!s and plasma of human
bload at 42 was found to be'2.0'2:0:2. .

INTRODUCTiON
Gas—hqmd chromatographlc procedutes for the quantltatlve analys:s of

*A prelnmma:y account o‘ thxs wozk was. pzesented in a:paper dehve!ed before the 2061 A
An.nual Meeting of the. Canad:an Pederahon of Bialogical Societies; Calgary, Alberta, Canada,
Jane 21—-24 19717. Pmc Can. Fed. Bm!. Soc., 20 (1977) 173, Abstract No. 710.
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volatile anaesthetics in blood or other fluids [1—31], are of two types: either
indirect, in which the anaesthetic is separated from the blood prior:to injection,

r direct, in which the gas chromatography is performed on a sample of whole
h]nnﬂ Tha indireat techniques lhand snace mathods: I'1—-‘7'I enlvent extraction
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[8—22] and distillation [23 24]) are time consuming [1 2 6 28,30,31], require
complicated pre-treatments [29] involving a potential loss of the agent [30]
and may be difficult to apply to small samples [30]. Furthermore, solvent
extraction procedures may be complicated by the depgsition of lipid materials
on the columns [2] and by the production of solvent peaks of large area
which may interfere with the estimation of the anaesthetic peak and/or result
in prolonged elution times [11,14,16]. Direct" mjectlon methods [25—31],
in contrast, are rapid and apparently simple [16] and can be used with small
samples of blood [1]. They may, however, suffer from problems associated
with contamination of the columns with non-volatile blood components
[2,6,30] and subsequent baseline drift due to the slow elution of such com-
ponents [2,30], clogging of the syringes used for injection [6,30], distortion
and broadening of the peaks [2,6,16,301, ghost peaks [6,30] and poor repro-
ducibility [1,2].

In this paper we describe the design and constructlon of an external injec-
tion port which allows the injection of a small sample of whole blood into
the pre-heated carrier gas stream of the gas chromatograph. Flash evaporation
removes the non-volatile components and only the volatile components enter
the column. This external injection port in combination with the use of an
internal standard avoids the problems discussed above and permits the rapid
analysis of halothane, diethyl ether, methoxyflurane and ethanol in whole
blood over the approximate range of 1—100 mg%.

MATERIALS AND METHODS

Halothane (Hoechst Pharmaceuticals, Montreal, Canada), methoxyflurane
(Abbot Laboratories, Vancouver, Canada) and diethyl ether (spectroanalysed;
Fisher Scientific, Montreal, Canada) were used without further purification.
Isobutanol (reagent grade; Mallinckrodt, St. Louis, Mo., U.S.A.) was dried
over anhydrous potassium carbonate and purified by fractional distillation
[32]. Ethanol was dried by refluxing with magnesium turnings and pun.t‘ied
by distillation [32]. All other chemicals employed were of reagent grade
or better. Silicone rubber O-rings 3/16 in I.D. and 5/16 in O.D. HTS low
bleed septa were obtained from Apphed Sclencé, State College, Pa., US.A.

wle TNT 1TAD TNE AT TOT cnan szt
Ch..umuauzu AUL, LUO, .I.Ud, d.llu .LU‘ were pun,nd.seu Ltom e.mnub Lud.uvme,

Denver, Colo., U.S.A. and Reacti-vials and Mininert valves from Pierce, Rock-
ford, Hl., US. A.

The external injection port

- Design . - - -

The design of the external m;ectxon port is shown d.lagrammatlca]ly in
Fig. 1; Fig. 2 shows detailed engineering’ drawings. The external -injection
port consists essentla.lly of a heat reservmr and a rotary valve both of whlch
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contain channels for directing the flow of carrier gas. Both the reservoir and
rotary valve are constructed of brass, their respective plane face plates being
separated by a 1/32-in. Teflon gasket against which the valve rotates. Mounted
on the front of the rotary valve are: (a) a spring which can be used to tighten
the valve against the Teflon. gasket to achieve a gas tight seal, (b) 2 gas chro-
matographic injection port of conventional design sealed with a septum and
(c) a pair of handles which allow rotation of the valve. The reservoir is main-
tained at 180° with a heater set into a well drilled into the bady of the reser-
voir; a similar well contains a thermometer. The base of the port is attached,
by a gas tight seal, to the injection port system of the gas chromatograph and
can be readily modified for use with a variety of instruments. The carrier
gas enters the port through a Swagelok fitting sealed into the side of the
reservoir; this requires a diversion of the carrier gas stream prior to the point
where it enters the original injection port of the gas chromatograph.

"~ Fig. 3 illustrates the flow paths of the carrier gas within the external injec-
tion port when the rotary valve is in the “on” operational and the .“off”
non-operational positions. In the “on’ position the carrier gas passes succes-
sively through the fixed channels a and b located, respectively, in the body
of the heat reservoir and the rotary valve. It then proceeds via the fixed channel
¢ located in the reservoir, into a glass U-tube (3/16 in. O.D.) connecting ¢ with
the fixed channel d located in the body of the reservoir. The carrier gas then
passes through fixed channels e and f located, respectively, in the rotary
valve and the reservoir and enters the gas chromatography column through
the base of the injection port. The U-tube is located on the left side (see
Fig. 2) and is sealed into position with silicone rubber O-rings lightly lubricated
with a high-temperature vacuum- grease. Before insértion the ends of the
U-tube were also lubricated with the same vacuum grease. A lever attached
to the reservoir (see Fig. 2) prevents the ejection of the U-tube when the valve

Fxg 1 Dmgrammatu: reptesentatlon of the front view of the external m;ectxon port.
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Fig. 2. Engineering drawings of the external ini_éjctioti port.

is in the ‘““on” position (approximate pressu're 20—25 p.s.i.) and also serves
to maintain a gas tight seal. Holes situated in the appropriate positions in the
Teflon gasket allow free passage of gases between the fixed channels in the
reservoir and the rotary valve. When the vslve is in_ the:“on” position the
needle of a Hamilton gas chromatographic syringe will: ‘pass--through both
the septum of the injection port mounted on ,f.he-- f:ot{t' df.j:h ral

Teflon guakcu and enter the U-tube permitting mju.uuu :uu:ct.uy u.u-u the
pre—heated carrier gas stream. When the valve is-in: ) ) .
U-tube is by-passed and the carrier gas passes: d:recﬂ' in the gas chromato-
graph through channels a, b and f. This enables: the U-tube to be. changed
simply and rapidly without interfering with the gas ﬁows m the chromato-

graph.

Operation o
Prior fo the first operation of the externa] mjectmn port the appatams is
maintained at 180° with a pressure on the: Teﬂon ‘gasket’ of 15—20 pounds for
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f24—36 h. Under th&ce condmons the Teflon gasket softens and -is -moulded

into.'the- shape -of ‘the-inside surfaces of the ‘rotary valve ‘and heat reservoir.

'This ensures. a ‘good seal ‘and: provided:-the reservoir is’ mmntmned at 180°

-remoulding is. only necessary. when a2 new: gasket is fitted. :

_ +::With- the: Fotary 'valve -inthe “‘on’” pesition a sampleé of blood (4—40 ul) is
injected directly into a:loose glass wool filter plug inserted into the U-tube. -
To avoid clogging of the needle of the syringe by coagulated blood components
injection ‘was -accomplished with a chaser technique in which the blood sample
in’the syringe barrel is separated from a plug of water by a bubble of air. When
the analysis is completed the rotary valve is switched ‘to the “off” position
and the'U-tube is replaced. On switching to the “‘on’ position the equipment
is ‘ready for anothet mjectlon. Changmg the U-tuhe occuples between 15
and 60 see. . N

g

F‘ig.‘is;iséhema'tié carrier gasflow diagram ‘of the extemal injection port.- ¢
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Gas chromatography . : ' :

Gas chromatography was perfomed on.a Hewletb—Packard 7610A gas
chromatograph fitted with dual fiame ionisation detectors using dual 6 ft. X
2 mm I1.D. glass columns containing Chromosorb 101 (80—100 mesh) pro-
grammed from 110—180° -at 6°/min.  The injection port of the chromato-
graph was maintained. at 200°, the external injection port at 180° and the
flame ionisation detector at 250°. Gas flow-rates employed were as follows:
carrier 25 ml/min; auxillary 35 ml/min, hydrogen 50 ml/min and air 470 ml/min.
Both helium and nitrogen could be used as carrier gas. Range resistance of the
electrometer was set at 10° Q.

Peak areas were measured with a Hewletb-PackaId 3370B electromc mte-
grator operated at Up and Down slope sensitivities of 0.1 mV/min. Injection
volumes were chosen to-yield a minimum anaesthetic peak area of 5 X
10* uV sec.

Analytical methods
Response faciors were determined by the gas chromat

Lo y
solutions of known composition containing the agent and the internal stan-
dard isobutanol with the equation:

peak area agent X wt. isobutanol
peak area isobutanol wt. agent

Analyses of blood samples were performed on EDTA anti-coagulated blood

) »J S ] 1 129 A w=r an g
using Reacti-vials each equipped with a magnetic .-,thung bar and a Mininert

valve. Water was added to the vial such that the remaining volume, when the
vial was filled to the rim, was 0.5 ml. A standard solution (50 ul) containing
an accurately known quantity of iscbutanol in water (approximately 260 mg
per 100 g) was added and the vial was completely filled with the blood sample
to be analysed (450 ul). The quantities of blood and internal standard em-
ployed were established by weighing the vial at the appropriate times. The
samples were mixed and gas chromatography was performed on aliquots of
4—40 ul. The concentration of the anaesthetic was calculated from the formula:

peak area anaesthetic X wt. I.S. X concentration LS.
peak area 1.S. X wt. blood sample X response factor

where 1.S. = internal standard.

The effect of storage on the halothane concentrations of blood samples
was tested as follows. Reacti-vials (1.0 ml), containing a glass bead, were
filled with blood samples, containing an accurately known quantity of halo-
thane, in such a manner that no air bubble was trapped in the vial. The sam-
ples were stored at 4° for 7 and 14 days, thoroughly mixed and analysed by
gas chromatography.

PR, N1 v aleras £
111C € J L

Response factor =

Anaesthetic concentration =

RESULTS

An external injection port temperature of 180° was found to be necessary
to maintain a gas tight seal between the Teﬂ,on‘g'asket and the face plates of
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the rotary valve and the heat reservoir. Under these conditions the giass wool
plug served the dual function of providing a large, heated surface area for
evaporation of the volatiles and of a trap for the non-volatile components.

The rate of evaporation was presumably controlled by both the pre-heating

of the carrier gas stream in the body of the heat reservoir and the dispersion
of the injected blood sample. When liquid was deposited on a portion of the
U-tube free of glass wool the fluid beaded and evaporated slowly, a phenome-
non accompanied by peak broadening on gas chromatography. Successive
injections of volumes of blood up to a total of 10 ul could be made before
it was necessary to insert a fresh U-tube but use of samples of between 10 and
40 ul necessifated the insertion of a fresh U-tube affer each injection. The
O-rings used to seal the U-tube info the port gave some bleeding probleins
when new. These could be eliminated, however, by heating the rings for 16 h
at 160° before insertion into the port. The effective life of the rings was

improved by light lubrication with a high-temperature vacuum grease. Rou-
tinely the septum of the injection assembly, mounted to the front of the
rotary valve, was changed once a week; it could in any case, be used for at
least 35—40 injections.

Preliminary experiments were conducted to evaluate the use of methanol,
ethanol, n- and isopropanol, n-, sec-, tert- and isobutanol and isoamyl alcohol
as internal standards for the &stimation of halothane and methoxyflurane on
one or more of the column packings Chromosorb 101, 103, 105, or 107 under
either isothermal or temperature-programmed conditions. Isobutanol was
found to be a cheap and convenient internal standard since it could be readily
purified, was soluble in blood at the concentrations employed and had a
retention time intermediate between that of halothane and methoxyflurane;
it also proved to be a good internal standard for both ethanol and diethyl
ether. The use of a temperature programme resulted in the splitting out of
the water peak from the halothane peak permitting accurate measurements
of peak area. Chromosorb 101 was the preferred packing material since it
gave little or no bleed and was very stable; the column has been in routine
use for more than 12 months. Furthermore Chromosorb 101 can be employed,
under the same operating conditions, for the rapid analysis of halothane,
methoxyflurane, ethanol and diethyl ether. Using the conditions specified
above the system exhibited little or no baseline drift. Such drift when it cec-
curred could be corrected by a single blank program run or by a short period
of conditioning at 180°. Table I lists the sensitivity of the flame ionisation
detector and - the characteristics of the electrometer and integrator when

l-‘alct_}-inne’ mc‘hoxyﬂirluane, c‘hannl’ A:o{-hy] a(—l\ar a{\ﬂ }snhvifgnnl waro nnnl-

yzed as described above. Flg 4 shows sample chromatograms obtained from
these analyses.

Table II shows the results obtamed by analysis of blood samples containing
accurately known weights of halothane, methoxyflurane, diethyl ether and
ethanol over the approximate concentration range 1—100 mg%. As can be seen
excellent recoveries were obtained over the entire concentration range for
all the compounds investigated. Reacti-vials proved to be ‘efficient for storing
blood samples containing halothane for periods as long as two weeks at 4°.
Such storage permits efficient staging of analyses when the experimental
design requires multiple samplings.
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T‘me in Mmutes

~E‘1g 4. Sample ch.toma.tograms from the ana.lyms of halothane (A), methoxyﬁumne (B),
-diethyl .ether (C) and ethanel (D) using, in each case, isobutanol (E, F, G, H) as internal
_standard. The water peak in each ch:omatogram is labelled W. The vertwel lines ctossmg
'the baselmes are event ma:kezs arising Erom the mtegrator : , S

As an illustrative example of the general usefulness of this gas—liquid chro-

matooranhic nrnnaﬂ“m in 'I"nhla I gre “-nln-dnﬂ the results nF a preliminary

study of the ethbnum dlstnbutlon of halothane hetween the cells and
plasma of human blood at 4°. This experiment was performed as follows.
To Reacti-vials completely filled with- EDTA anti-coagulated human blood
was added, with a microlitte pipette whose tip was located near the base of
the vial, a known volume. of a solution of ha.lotha.ne m 0.85% sahne equa.l fo
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TABLE I

GAS—LIQUID CHROMATOGRAPHIC ANALYSIS OF WHOLE BLOOD SAMPLES CON‘I‘AINING
KNOWN CONCENTRATIONS OF HALO‘I‘HANE, METHOXYFLURANE, DIEI‘HYL ETHER AND
ETHANOL

Compoun(i added .
. Halothane Methoxy- Diethyl: = Ethanel
- ; . flurane ether .. )
Response factor 0.207 + 0.008 0.242+ 0.009  0.924 '0.001 0.797 = 0.024
(isobutanol = 1) . . : - _
Retention time (min)* 6.21 + 0.20 1231 +0.13 5.36 +0.15 - 3.21 * 0.08

Relative retention time  0.697 1397 . 0608 = 0382
(Esokbutanol = 1) ' ‘ : )

" Added Found Added Found Added Found Added Found
(mg®) (me®) (mg®) (mgR) (mgH) (MmgH) (megH) (mgH)

102.7 105.2 1104 1113 111.6 115.3 119.7 1217
102.3 1036 .
94.1 90.9
935 973
928 904
54.7 53.1 54.7 54.2 674 666  62.2 636
15.3 15.0 24.4 23.5
149 13.8
14.2 143
13.2 12.2 :
114 12.1 10.3 10.7 .12.7 11.9 115 11.9
4.7 4.3 50 4.9 5.2 55
1.2 1.0 0.7 0.8 10 . - 07
e 0.26 0.69 0.5 0.9
SR AL 12 4 4 "3
N8.§8 N.S. N.S. N.S.
After 1 week storage 18.8 17.8
After 2 weeks storage 18.4 18.6

*In these studies the retention times for isobutanol were. 8.91 = 0.56, 8.81 + 0.56, 8.81 + 0.56 and-:
8.41  0.48 for analysis of halothane, methoxyflurane, diethyl ether and ethanol respectively.
**Paired t test [39]. Differences between quantities added and found were not ngmﬁce.ntly diffarent
drom zero.

| kakd f v degrees of freedom. .
8N.S. = not significant.

exactly one tenth of the volume of the vial. The vial caps were immediately
replaced thus displacing any excess blood and insuring: a. bubble free sample
(i.e., no head space). The vials were rotated slowly at 4° for various time
pericds and were then centrifuged at 2800 g for 15 min. The plasma was
.analysed for halothane and the concentration of the anaestheti¢ in the cel-
lular fraction calculated from the equahon‘

[bloodhalo} =0.9 Hc [cellhalo] + (1—0 9 Hc) [plasmahalo]
whete
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[bloodhao] = added concentration of halothane in blood (29.7 mgh)

[plasmapzo]- = concentratlon of halothane in plasma as determmed by gas
chromatography T .

Hc = volume fractxon of undlldted blood occupled by cells
0 9 dtlutlon factor due to agdlt:mn of the salme solutlon of halothane to blood
[cellhago} ‘concentration of. halothane in the cellular component of blood

From thls equatlon the dlstnbutlon of halotha.ne between cells and plasma
can be calculated.

. The halothane solutlon was prepared by saturatmg 0.85% saline at 37°
with the anaesthetlc Under these conditions the saturation concentration
of halothane as detetm.med by gas chromatography was 2978 mg% (n=5);
at 4° the value obtained was 48112 mg% (n=4). Possible losses of halothane
were estimated in separate control experiments by omitting the centrifugation
step and determining the concentration of halothane in the. whole blood
after the period of equlhbratmn Staustlcal analyms of these data (n=9) indi-
cated that there was no difference between the quantity of halothane added
and that found by gas chromatographxc analySIs Slgmﬁcant haemolysis did
not_occur during the period of time used in these equilibration expenments

TABLE 111

DISTRIBUTION OF HALOTHANE BETWEEN THE CELLS AND PLASMA OF EDTA
ANTI—COAGULATED HUMAN BLOOD AT #°

Samples A and B were obta.med from the same mdnndual on two sepa.rate ocessions; they
had haematocrits of 0.489 and 0.486 respectively. Sample C, obtained from a different
individual, had a haematoerit of 0.507. A&qummg that ethbnum is achieved after 16 h
then the mean ratno’

E————]——' =20+02(n=11). -

[plasmap.is ] o

Sample A~ - © .. Sample B IR Sample C

Incubation V[eellh.,b]A " Incubation  [cellyu,] ' Incubation [cellpa,]
time (h) . . [plasmapa,] - time (h) . [plasmapg,] . time (h) . [plasmapag ]
35 . .06 . . 195 . 18 .. 180 18

180 11 20 0 21 © 185 0 24

165 - 19 T o290 23 - .20.5- - . 20

175 .0 2720 ¢ 0 . .220. ¢ L8 . 215 - - 24
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DISCUSSION .

Direct injection methods for the gas chromatographic analysis of volatile
anaesthetics in blood can be divided into three general classes: (a) those in

which the sample is m]ected into the - injection port of the chromatograph
[25,26,29], (b) those in which injection is made into a removable glass liner
inserted into the injection port [27,30], and (c) those in which injection
is made into a heated precoiumn device isolated from the columns and then,
after a period of time, the volatiles are swept onto the column by a stream
of carrier gas via a switching valve [28,31]. The analytical system described
here appears to combine all the advantages of these systems without any
of their disadvantages. Thus it permitted the rapid, direct, quantitative anal-
ysis of the blood concentrations of four volatile compounds on a stable,
readily available column packing. The difficulties associated with baseline
drift [2,30], ghost peaks [6,30], interference from water [6,30], poor re-
producibility [1,2}, contammatlon of the columns with non-volatile com-
porents [2,6,30], and non-uniform evaporation which necessitated a pre-
heating period of the sample within the pre-column device [28,31] were not
encountered. The use of .an internal standard coupled with the measurement
of peak areas, rather than peak heights, obviated the need for calibration
curves and eliminated problems associated with measurements of broadened
or distorted peaks. Reference to Table II demonstrates that, with our proce-
dure, accurate analyses can be performed over a wide range of concentrations.

The external injection port can be easily constructed from inexpensive
materials and has proved to be reliable and simple to operate for routine
purposes. Installation requires a minimum of modification of existing chroma-
tographs and the port can be readily adapted for use with other chromatographs.
Furthermore the U-tube assembly appears to offer distinct advantages over
previous systems [28,31] since it is easily accessible and can be rapidly changed
without interrupting the carrier gas flow.

The equilibrium distribution of halothane between the cells and plasma of
human blood at 4° determined in this study, 2.0+0.2 (see Table III), differs
from that reported by Han and Helrich [33] who found that 70% of the
halothane was in the plasma. The latter value was, however, estimated in-
directly from calculations based upon the Ostwald solubility coefficients of
halothane in plasma and cells at 38°. Moreover the Ostwald solubility co-
efficients were determined after shaking the samples with liquid halothane
and mercury for1h.

Our data would indicate that the solubility of halothane in blood should
increase with haematocrit. Experimental observations on this relation are,
however, in conflict. Mapleson et al. [34] and Steward et al. [35] found that
in rabbits and dogs, respectively, halothane solubility decreased as the haem-
atocrit decreased. Furthermore, Steward et al. attribute solubility variations
to the greater solubility in the cells. Cowles et al. [36], however, found that
haematocrit did not affect the solubility of halothane in dog blocd. Similar
discrepancies have been noted with studies of human blood. Several investi-
gators [29,33,36] have reported a decrease in solubility with an increase
in haematocrit while other studies have shown that the solubility of halothane
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is independent. of the haematocrit [37,38], that halothane is less soluble in
bload" of low haematocrit [19,37] or more soluble in blood of high haem-
atocrit [38]. On the other hand, other factors affect solubility, including
lipid concentration [4,38] and the albuxmn—to-globulm ratio [37]. In view
of the results: discussed above ‘it is- impossible. to assess fully the significance
of published data in this area. Our preliminary experiments do however demon-
strate that the gas chromatographic procedure described here provides a facile
method of examining this inferesting controversy. Expenments designed to
study thls problem in more detail are currently in progress.
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