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INTRODUC%ON 
.‘.XI,.. ._.I . . :.. . . _. 

It has been yxgnized in recent years that almost all foreign,&&&ances 
taken in’ by :the.- mother- i&hiding drug& envi&&nental”contamina&,~ food 
additives, the constituents of cigarette smoke, alcohol, etc. cross the placenta, 
enter the fetal blodd stream and may be stored in fetal tissues 11, 21. It has 
also been demonstrated that from a relatively early stage (6-8 weeks of gesta- 
tion) the human fetus can metabolize a variety of foreign compoum$ [&, .3~ 

51. 
While metabolism -can lead to detoxification of -harmful sub&&ces,it may 

also result in the production Of toxic or. ph&macologic&ll~ active metibolites 
from otherwise innocuous compounds. Frequently such derivatives~ are nib;rc2 
polar than the parent compounds and slowly cross the placenta back to the 
mot&e+_-. .Such tr&sfer ~characteristics may result in an accumul%tion. of. me 
tabolites in the fetus. It is therefore important to determine the do&&n&&ions 
of metabolites as well as those of the parent compounds in the fetus. In con- 
trast to man, common laboratory animal species do not possess the ability to 
metabolize xenobiotics at such an early stage of gestation. Therefore, results 
obtained from studies with animals cannot be reliably extrapolated to the 
human situation and may underestimate the risk at hand, thus making studies 
on human subjects essential. 

_- 

Of particular interest is the transfer of xenobiotics from mother to embryo 
during organogenesis (4-8 weeks of gestation) at which time the conceptus 
is most sensitive to teratological lesions. Although fetal tissue is available from 
therapeutic abortions during the first trimester, the amounts of clearly identifi- 
able material obtained at this early stage of human gestation are often only in 
the milligram range. Therefore, analytical methods with high sensitivity are 
required to investigate such material. 

This report describes analytical methods suitable for the study of the dia- 
placental transfer of praxepam (a benzodiazepine) as well as its metabolites 
during early human pregnancy and for in vitro investigations of tte metabolism 
of prazep_aml in cultures of human_ fetal liver. A gas chromatograph equipped 
with an’electron capture detector and a GC--MS-comput& sy&m used in the 
selected i&i &o&&ring mode.are shown to provide sufficient se%itivity and 
selectivity -to achieve the experimental goals. Several results are reported as 
illustrative examples of the suitability of the analytical methods. 

: - 

EXPEihili@Ai Pl3OCEliURES 
-’ 

. . . .- . 
iolmztsondreogents --. I. :- -. 

Zxtrelut and pyridine (“‘getrocknet”) were obtained -from. Merck (Darin- 
stadt, G.F.R.), ‘ethyl acetate, benzene and methanol (nanqgrade) from IQk- 
Mallmckrodt .(Wesel, G.F.R.), T&Sil BSA forniula P from Pierce (Rotterdam, 
The N&he&u&j, the GC column-packing material 3% SP-2250 on Supelcoport 
100-120 mesh from Supelco (Bellefonte, Pa., U.S.A.). 

Infernal standard 
A stock solution of 6 mg diazepam’in 10 ml -of methanol wasprepared and 
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diluted I:10 with methanol prior to storage in 1.5 ml glass vials at -25”; 10.0 
~1 of this dilution (= 60 ng diazepam) were added to each sample as early as 
possible (see below). We have used identical amounts of methyki3-diazepam 
as internal standard for the analysis of- the metabolites of various benzodia- 

zepme drugs including medazepam (Nobrium) and @axepam (Valium), praze- 
pam (Demetrin) by selected ion monitoring, hence the label with deuterium 
was necessary. 

Standard cabbration grapbs were obtained by ‘adding known- amounts of 
prazepam and its metabolites (between 2 and 200 ng) to 200$1 portions of 
drug-free human serum containing the internal standard (60 ng); see Figs. 1 
and 2. A linear least-square analysis of the peak height ratios vs. amounts of 
drug and metabolites added was made. 

l3iological material 
Human fetuses (between 6 and 24 weeks of gestation) were obtained by 

hysterotomy, curettage, or prostaglandin-induced abortions for social or 
medical reasons. Maternal blood samples were taken at the time of the inter- 
ruptions. For studies of the d.iapIacental passage of praxepam, the fetuses were 
kept frozen on dry ice until dissection began. The fetal material was allowed 
to thaw and the varioustissues were carefully dissected and stomd in 1.5 ml 
conical plastic semi-micro tubes (Eppendorf) at -25”. At the time of analysis, 
16-200 mg of the frozen tissues, depending on availability, were weighed and 
transferred into Eppendorf tubes. A vohune of 200 ~1 of deionized water and 
60 ng internal standard were added and the samples were homogenized either 
with a conical PTFE pestle made to fit the conical tubes or by sonication at 
O” . Both methods gave identical results. 

For the preparation of fetal iiver organ cultures and of isol&d fetal liver 
cells, the livers were excised from +he fetuses as soon as possible and then pro- 

Fig. 1. Plots of the peak heiits (dative to the peak height of. diaze&m,~kt&d standard) 
of A and'mktabolitek~vs. asiiounts~fe%ent'in 200 rl senupasweUasininjec&dsamples 
(de&&ion by e&t~~n capiur@GC). 0, R-OH (TMS); v,Cbr;o,DD;~,R;~,R-oH. 
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Fig. 2. Double logarithm& plot& of the peak heights of R and DD (reI&iv& t& the inter&l 
standard; diazepam) vs tiounts present in 2QO ~1 serum as well as injected s&pIei(dete& 
tion by electron capture Gc). -. 

. _- 

cessed as described elsewhere in detail [6] ; Prazepam; 05-20 pg per ml in- 
cubation medium, was added to the final suspension of the fetaltksuc and the 
cultures were incubated on a gyratory shaker (60 gyrations per min), in an 
atmosphere of 95% 0, /5%. CO2 at 37” .Samples were-removed at selected-time 
intervals, sonicakdand frozen. At the time of.analysis, 200 ~1 of the homog- 
enized samples were transferred into 1.5 ml Eppendorf tubes and 60 ng of 
internal standard was added. 

Extmciion 
Three methods for the isolation of prazepam and metabolites were explored: 
(a) To 200 ~1 of the various samples to be analyzed (e.g. maternal serum, 

fetal tissue homogenates or homogenates of fetal liver cells or organ culture 
material, aJl of which contained 60 ng of mternal standard), 1 ml of ethyl 
acetate was added. The Eppendorf tubes were tightly closed, shaken on a .vor- 
tex mixer for 2 min and centrifuged at 550 g for 2 min. A volume of 360 
~1 of the organic phases were transferred into 1,5-ml glass vials and. the solvent 
was evaporated under a stream of nitrogen. Traces of re&ahing water were 
removed by the addition of 100 pl benzene and a repeat of the~epa@pration. 
Finally,. 30 ~1 of pyridine were added, the vials were. closed~with.a~PTFE- 
lined rubber septum using a hand.crimper, and 1 pl Was injectedinto thezgas 
chromatograph. If the samples were to be silylated, 30 ~1 of TriSil BSA were 
added, and the vials were incubatedTat _55”for 30 min. Portions of 2 ~1 were 
m&ted mto. the,gaschromatograph.._ __ .: _.: I_ _ ._ _.:. _.I. :___-_ >__: ._._ . . . _.;; _ 

(b) The. 200 &l iani&xs t6 1-k. analyze&-were d&ed~with..up. to-ZO.O.Crl. of 
deionized water and poured -into Pasteur pipe&s(Fig.~ 3). filled with aweied 
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Rg. 3. Schematic representation of the isolation of benzodiazepines and their metab- 
elites from small samples (5-200 mg) of human embryonal and fetal the (following 
homogenization) and 50-200 91 of serum or plasma (follawing dilution by factor of 2). 

. 

z&unt of Extrelut -[7] in. a proportion of 50 mg Extrelut for each lOO%l 
sampie’ Golme. After 5 min the columns were e&ted with 1-2 ml of ethyl 
acetate, the eluate collected in 1.5ml glass vials and-further processed as de- 
scribed under (a). 

(c) To the 2OOql samples, 100 yl of lbujl acetate IS] were added and the 
contents of the tubes were Vortex mixed for 2 min. Following centrifugation, 
2.5 ~1 of the supematant butyl acetate phase were carefully withdrawn into a 
IO*1 syringe and injected into the gas chromatograph. -. _.: ,: . . . . ., .;.. 

@zschmmatogmphy .- .-- 
-’ ‘A &do-tiba 2300 gas.chromatograph equipped with an electron capture 
detector’ w& :‘&ed.: The de+;ector (IiT-20) w&s operated in constant current 
mode (Model y-25O).-- A 2-m glass ‘cohnnn Was used which +as packed ~with : 3% 
SPL2250 .on; Supelcoport lOO--120 mesh. The oven temper&ure was .kept at 
26Oy:‘for-~the: si&ltaneous--analysis-of ‘all prazeparn (Pr) metabolites- and at 
2803 -s-for .t&e determination of- ‘the.. ttimetiyM@&ed 3:h@roxJr-pr&epam 
(PI&H TMS). The .-temperature. of the injection- -port was 275”:and of the 
detictir~360”; ::Nitrogeh (Linde, Munich, G.F.R;; ptity 5.0) was .&&as Car- 
rier gas- (20 ml/m&) : and’ scavenger gas between .column and. detector (40 ml/ 
&jr)_ ?_._’ ... Y’, ._ 1. ~., :. :. _ -. -_ ._ I._ .. : : 

: :.. I: _._ _ _.:- --. ^ .- 
Selected-i& nwniforingon o GC’S~mputer.system .-- .--i -. 

This systen~ consisted of a Perkin~Elmer F-22.gas chromatograph &hich was 
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directly coupled via a l/4 -in. Swagebk union (dri&d to 6 mm)_.& a &i&e- 
stage Watson-Biemann separator and the ion source of a CH 7 A V&-MA? 
mass spectrometer. A Varian SS-100 data system was used for switching the 
a=leration voltage and monitoring the intensities of up to 8 ions. The foli 
lowing ions were recorded for the anslysis of the trimethylsilyMed samples: 
m/e 287(-B@, internal standard); 324 (M’, Pr); 342 (M+, desmethyl diazepam 
@D) TMS); 383 (M‘-29, Pr-CH TlUS); and 429 (RI+, okazepam (Ox) (TM&): 
Calibration graphs are shown in Fig. 4_ 

: 

rig injected 

Fig. 4. Plots of peak heights of ions corresponding ta R and metabolites (relative to ion 
m/e 287, methyl ,a, -diazpam used 88 i.s.) vs. amou+s p-t in injected sarn~les (detect+ 
by sehtion ion monikring). 0, DD .(trimethylsilylat.ed), r y 0.935; A, R, r = 0.9987; o, Pr- 
OH (trimethylsilylated), r = 0.9994. 

RESULT!3 

Isolation kxedures : 
Three methods for the isolation of p-e&n and metabolites from biological 

material have been used (see Experimental). The yields of the benzodiazepines 
studied obtained. by method- (a) (singIe-&ep ethyl..acetate extraction) ..and 
method (b) (using smah Extrelut columns) are -compared in Table I. -Higher 
yields. were. obtained with procedure (a) with .&he exception.of PraH whose 
rsco_very was higher- with procedure (b): A comparison of the electron cap$ure 
gas chromatograms of two samples which-have been prepared with proosduqzs 
(a) and .(b) revealed that a lower baseline was obtained when &he ethyI:acetate 
extraction rather than the Extrelut column work up was used: : I_ : : :’ L-.: -, . : : 

Method- (c) was fsster -than either method -(a) or (b) and-resulted. in -high 
yields-of all metabolites studied.. However, the gas chrom&qgraphic base lines 
obtained are somewhat higher than those resuhing horn method (a).:This 
method may be preferable if benzodiazepines are present in concentrations 
eXCeeding 50 ilg/ml(g);z Since high sensi* -was m@md in:mo&j. os’oti 
men@ m have ~ufinelg’u&:me&~ (a); -. : : . . -. _ .: I ...: c : 
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RECOVERY OF PRAZEPAM AND E@X’ARO~ DURING ISOLATION PROCEDURES 
(4 AND &I. 

Razepam 93.5 80 
Defmlethyldiazepam 99.6 85 
3-EY~WPrazepam 33 93 
ox&zepam 69 

66 

*Single&p ethyl ecebte extra&ion. 
**On small columns filled with porous silica (Eitrelut). 

Gas chromnfog~@~y 
Pr and its metabolites elute well-separated from each other and from the 

internal standard used (diazepam) on an SP-2250 column-.kept isothermally 
at 260” (Fig. 5). The detection limits of the compdunds analyzed are presented 
in Table II. Pr-OH eluted relatively late (though as a well shaped peak) and 
therefore was not detected with sensitivity comparable.to the other compounds. 

.The volatility~ of this metabolite- cduld-be greatly enhanced by t+nethysily- 

lation, and the resulting TMS ether eluted conwenie&ly just after 33 (IF&$ 6). 
The lower limit of detection of this derivative was also comparable to Ox, DD, 
and Pr. Thus, if low levels of Pr-OH (<50 rig/g)) were to he quantitated, the 
sample was first directly injected into the gas chromatograph to detect Ox, DD, 
and Pr (Fig. 6B). Then, the trimethylsilylating reagent was added and the 
resulting mixture injected for the quantitation of PraH (Fig. 6C). 

Selected brr &&Gtorirag -. 
: 

All metabolites of & could be &u&.ated in a -single aklysis using a GC- 
MS-computer system. The sample was trimethylsilylated and injected -into the 
gas cbromatograph. With the aid of the computer, the acceleration voltage of 
the mass spectromete? wa& i;witch+ ra$idly ‘to fo;6us the molecular ioti of the 
c~~~pou.pds--tq . be anxlyzcd sequentially at’ the electron multiplier detector. 
Stick the bhble’ciilar ions of- the Ienzodiazepines studied are very abundant, 
high sensitivity was obtained--which was comparable to the electron capture 
detector, The spe@icity of selec$ed ion monitoring for the detection of ben- 
zodiazepines &x4 -$heir metabolites -was even high&~ than electron Capture GC, 
and all Pr metabOJ&s could be @ant&&d in a single experikiefit either +& 
thermally (Fig. 7B) or with linear temperature programming (Fig7A): .- 

$Wibm~~~plofs 
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Fig.6.ESctroncapture gaschromatograms of ethyl-a&&e extrwx% (mctio_nmethoda) 
of in vitro cultures containing Pr: (A) without liver; ‘(B) with fetal liver (h- fetus10 
weeks gestation), 1 = DD, 2 = R-OH; (C) sample'@ following trimzth~ylation, 1’ =‘DD, 
2’ = R-OK, (both TMS). v 

by electron capture GC. Linear relationships between the relative.peak heights 
referred to the internal standard vs. amounts ‘added to the serkn SZ?&kS, 
were obtained for all compounds studied (F’ig. I). Double logarithmic plots 
of the relative peak heights of DD and Pr vs. amounts added, showed a linear 
range over more than tbxree orders of magnitude. Tlie plots c&ering two 
orders of magnitude, which- we have ‘used rc&inely for q~tit&ion in our 
experiments, are shown in Fig., 2, wh.ere,._a_sJow of _l.O_ ir@ak_s @eari@_ in a 
double logarithmic presentatick 

Comparable results were obtaine&on the .GC-_MS~omputer .$&km used 
in the selected ion monitoring mode (see Fig. 4). 

..-.. 

DISCUSSKIN 

The benzodiazepines are a thoroughly investigated cl& of drugs and a large 
select+n of @era*. describing ,the_ analysis .of the& tiompoumk, exjsts [9, 
101.1.: The’ k&y&al niethods f+‘~. a& @metie*; not & mtitifatious as those +. +&%_: &&I&..&o~~ines_ : .: ..- 

_ :h: p-&&&c d&s j&&& .&&&d &_wo&&&j~&& 

use of 14C-ring-t@elled Fr. The absolute level of a&ivity in stuixpk v&s 
measured by scintillation spectrometry. Pr and its metabolites were separated 
by thin-layer chromatography (TLC) and relative amounts were determined 
* azadio scamper_ -_ . . - I. -. .., -__- ; -:’ -. -1 -:._. :_ ,_ 

‘:. ..Maier:$ndTIWehr $12). k&e .reporkd a,.&in-layer and a GC!:method for-the 
&&fkation. -of Pri : The latt6.r t methad:. relies : upon the -acid hy&&sis of Pr 
~it&:rnti~ -volatikbenioph~none. . This ;me$hod was,~:however, -not suitable 
for-,o~;.inve&igWoaal .goafs since~if did. not allow ~a:distinc$ion- betwe& drug 
apd_me&boE&(s);.:: ._ ;:..t .YI_ L ,l.,li_pt_:. ;,:: :, 1_ .I .c.J-:;-.I:.f.. :;.;. .._ ;. :, 
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3-hydroxy-prazewm &x&m 

Although Pr-OH elates much $&2r than the other. &mpouuds from this 
colmnn, it could also be quantit&+d~ although with reduced sensitivity. There- 
fore, if low concentrations of &-OH (550 rig/g)) were +J :be determined;%he 
samples were trimethylsilyktteci zuid t&en.injec+d agaih (Fig..6). The minimum-- 
detectable quantities of all cornpOunds _&@&xi h ‘k&$~_inject.ed .sa&pges were 
in the low pg-range_(TabIe II); Blood serum con-. 5 @ml and’fe@l tissue 
~ontaking 5 rig/g of Pr and. metaI@ites could be quktit+d by &r method 
wit&: sign&toaoisf+ ratios of >dO. on the ‘electron .&ture detector u&g’ 50- 
200 ~1 (mg); sam@e sizes. Lower ‘ConcentAioti~~(l ng/mg and 1 pg/g, respecti- 
v&y) could be an~zed if 1 ml or 1 g biological material, respectively, weti 
&ail&le. : 
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sufficient to quantitate all pr membolites in a singIe expe~riment.~ 1 +:' --, : _ .I.. :_q-: -5 ;:. .-. 
The day to day, variation of ourmethod is acceptable-:as-expressedr.by,-fhe 

relative standard -deviations -in Table II. ,ARhough lo~papll-(~~:it_~-.~o~.Ifrl;: 
methylsilylated prior to injection) apparently,rear=mges.:to , the,.coqeqonding 
quinazolin csrboxaldehyde [14, 151, it, could : be I quantitated L ,wit$ ydightiy~ 
higher standard: deviations -by -electron. capture GC (.T&ble II).. Following3ri- 
me+hylsilylation, .the intact molecule:with a molecular -weight ‘of .429. c.ould 
be det&,& (Fig. m). _- . .- _c : . . . 1. ;__ . . : .. ’ y ..:.:_ 

Much lower relative standard deviations r&ult for .&pl& analyzed: on the. 
same day. .We routinely processed three spiked serum samples (c_ontaining 
between 4 and 40 ng of Ox, DD, Fr, PrOH per 200 ~1) with lO-15serum and 
fetal tissue samples per day. 

Of the three extraction methods which were compared, we now routinely 
use method (a), the single step ethyl acetate extraction. Method (b) with the 
Extrelut columns is comparable with (a) reg&g sp&d and ease, and led to 
higher recoveries of J?r-OH while all other compounds studied had poorer 
yields. Work is in progress to evaluate possible techniques to increase further 
the efficiency on the small Extrelut columns. Frepurification of the Extzelut 
may also result in more acceptable baselines necessary for high sensitivity 
work. Method (c) is faster and m&e convenient than (a) and (b) but not as 
sensitive; the limit of sensitivity was, for Pr and DD, 20-30 ng/mi which is 
in accordance with the findings of Rutherford ES] who used method (c) for 
the isolation of diazepam metabolites. 

We have applied our method during the past year to the study of the dia- 
placental passage of J?r in early human pregnancy (Fig. 8) [1.6]. Fetal tissue 
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samples were homogenized and extracted in the same manner as serum and 
plasma samples. Our results indicate that DD, the main metabolite of l?r, 
accumulates in the fetal liver (Fig. 8). In placenta and fetal heart, concentra- 
tions of DD were found which were comparable to the corresponding maternal 
blood levels, while the other fetal tissq~ contained much lower concentrations. 
Accumulation of DD in the fetal liver had previously been detected following 
maternal diazepam intake [I?]. 

The methods presented in this paper have also’been applied extensively to 
the study of Pr metabolism in human fetal Liver in vitro. Both in liver organ 
cultures (Fig. 6) and cultures of isolated human fetal liver cells (Fig. 7) ex- 
tensive metabolism of Fr was found. The main metabolites were DD and Pr- 
OH which were present in comparable amounts, and Ox was also detected 
(Pig. 78), albeit in lower concentrations [S] _ 
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