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Tih trunslation of a report given us by Bayer at a recent

ICR meeting, On the basis of this work and some longer term
feeding trials which they have not yet reported in detail, Bayer
maintnin that biphenyls containing up to four chlorine atoms are
metabolised, whereas those containing {ive or more chlorines are
not, Cou>Lquent1y they plan to restrict the sale of the higher
Thloriuated biphenyls to controllable applncnt:on<. Tt would seem
that they have more informalion 'than is éofitained in this

particulur report and we expecct to learn some of it at a meeting to
bc held in Leverkusen on Janpuary 19th 1972. We should be pleased to have
comuenis on the Bayer work and details of any relevant Monsanto work
which could be discussed with Bayer and/or other Furopean producers
on the 19th‘Ja)mary’ T _ i
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Farbenfabriken Hayer AG. wuppertal « Lberfeld,25.8,14971,

Institute of Toxicolopy
lteport No,: 2953.
Studies of the metabolirm of tri- and hexachlorodivhenyl in the rat,

By: ¥ben, A. & Kimnerle, G,

Introduction,

In order to clarify the question wheiher and to what extent an accumulntion
of trichlorodiphenyl (TCD) »nd of hexachlorodiphenyl (HCD) occurred in
{he organism, investigrtionr by reaidue were carried out in certain

tiranes of organrg and in fats of rats, after a single oral adminirtration.

We nlro investiignted the segregation of unchanged TCD in the faeces and,
in order io obtain an indication about the degradation in the orgnnism,

the metnbolites which were present in the urine,

Method.
Compounds.

Mixtures of iromers of pure TCD end IICD were used for investigntions,
Animal mnteriol,
Male and femnle SPF ratis, CF, stock.

Apporatus .

BBhler homogeniser

Gas chromntogrnnh 5750 G, n lewlett-Pockard product with E.C. detector
(i 3)

Rotary vacuum cvoporator

Selvents.

latrel 9

n-hexane (Uvasol)

MONS 098378



n.pe. cthloyoiorm
bep, henzene

n.p. conc. ammonia (254)

Exncrimeutnl arrangement,

1., Investigiation for the detection of TCD in the timsue, following

n kingle ornl administration.

Using a phoryngenl prohe, 5 rals ench obinined per dose one single ornl
doke of 250, 125, 10 and 1 mg of TCD/kg in Lutrol 9 (1,0 ml solution/kg).
They were killed 96 hours after the start of the expceriment. Each

doxe wae maiched by 2 controls.

In animnle of the 250 and 125 wg/kg dose, the hexane extracts of fat,
liver, kidney, rplecn, heart, atomnch and the coantent of stomach were
rubjected Lo gos chromatographic inveatigation ; in animnls of the

10 mg and ) mg/kg dose, only the fat extracts were investigated by

gde chromntography,

a) Method of extraction.

For the extirnction of TCD, ergeans and ndipose tissues were homogenised
in " Bhler" with 7,0 m] ( fat and liver) or 5,0 ml of hexane (kidney,
spleen, heart, stomach). After 10 ninutes centrifugntion at 4000 rpm,
the supernatent solution was siphoned off and was again extracted

with 1 x 7,0 m1 nnd 3 x 10,0 m] of hexone { or with 1 x 4,0 and 2 x 5,0
m]). fhe extrancts were combined in o 50 ml or 25 al mensuring flask
(extrocta with rmoll content of active substonce were concentrated to

10,0 w) in s rotary vscuum evioporater ),
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b) Gag chyown

togranhy.

thix wny poverncd by the Tollowing conditions:

Column: steel, 1/8 inch, 6 ft, 60 ~ B0 mech, 10% UCCW 982 on Chrowosord
W (AW - DNCS)

Injection block temperature 265°¢C
Detector temnerature 290°C
Column tempernture 200°C
Chart speed 0,5 inch/min.

1,0 - 2,0 pl of the extracts were injected into the gas chromntograph.
For compnrison, 1,0 nl of a atondard was subrequently injected; the
standard wnp ro selected that the peak nreas of the atandard and
analysir solution were of en approximntely identical magnitude, The
eveluntion was carried out by cnlculnting the product from the height
and width at{ holf of maximum intensity of the peaks, The penk aren
of the sample uned fgr annlyris was compared with that of the standnrd.

The ranpge of detection extended over 4 ~ 10 ng of TCD[yl.

2, Determinotion_of TCD sepnranted out in the faeces unchanged, after

a_winpgle oral adminiktrantion.
From 10 mnle rats, 5 reccived 250 mg of TCD/kg ench snd 5 were given
125 mg of 7%D/kg each in Lutro)l 9 using o pharyngesl probe, Lach
test included 2 control animnls. The foaeces of animals placed on

metnaholism cuges was collected during 72 hours,

a)  Method of extroction,

The total nmount of fnecrrs from cach animal separated out daily wns
weighed, frozen at - 15% rnd, before processing, dried for 24 hours
in a vncceum desiccator over phosphorus nentoxide, Subsequently,

homagenisation wes carried out in o Bhler apparatus with 15 ml  of
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hexnpe, i+ was centrifuged for 4 minules at 4300 rpm, the aupernatant
molution wne siphoned off and the residue was again extracted with

4 x 20 ml of hexane, The cxtracts were transferred into a 100 ml
measuring flaslk and the TCD concentrntion was determined by gos
chromntoprnphy ( conditions given earlier ). I the concentrstion
of tLhe active rubsiance wos slight, the extracts were concentrated to

50 or 25 ml in n retray vacuum evaporator,

3. Inveatigntion of TCD decomporition products in urea,

10 femnle rnts were given TCD by means of & pharyngesl probe in a dose
of 1000 mg/kg nnd were subsequently placed, together with 5 control
animsla, over metabolism cages. The urea was collected during 72

hours and it was frozen up to the time of processing ( -15°C).

a) Meihod of extraction.

In order (o be nlso able to ideatify the decomposition producta bound
on glucuronic acid, holf of the collected wureas (24, 48 and 72 hour
ures) from the trented nnimols and from the controls was adjusted to
P 4,5 (N CHJCOOH), it was n?xed vith £ —glucuronidane ( 3000 Fishman
unita/ml) and incubated for 18 hours at 37°C. Subrequently, the
enzymttically «plit and the untreated urea samples were adjusted to
pu 9,0 ( 204 modium carbonate solution) and shoken out four—times
with the three-fold amount of hexone (centrifugntion for 10 minuten
at 4000 ron ). The hexane phises were combined snd concentrated

in a rotory vacuum evaporsior at hEQC. The residue wes absorbed in

a small amount of hexane (1/100 of the original amount of urea).
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b) Thin=loyer chromutagriphy.

The urea extractes were sepurated on rilics

ammonia { 127:22:1) as cluent ( 2 x in the

gel G with chloroform/benzene/

same dircction of motion ) .

For rendering the individual fractions visible, sproying was carried out
with Nodamin B ~relution, Folin's and Gibh'a rengent (Rodamin RB: 0,054

in abs, ethano) ; Gibb's rengent: 1,0/ rolution offlichleroquinone

chlorimide in 96, ethinnol; Folin's rengent: conc. solution (Merck) to

dilute with water in » rrtio of 1:3).

Ior the isolntion of the TCl decompositioﬁ products, the hexane extracta

of the 24 and 48 hour ureas trented with B -glucuronidnse were

anplied onto o large number of plates (Jayer thickness 0,5 cm). For
the locrnlisntion of the metlnbolitrs, on completion of the ten£, the
Vorder sirips of chromntogremr were sprayed with rengent solution. The
pilien gel loyer at the height of individunl metnbolites wns rcraped out
and wng transferred to centrifugal tubes (100 ml). By repeated woshing
of the silicn gel with hexane (3 x 80 ml, centrifugetion for 10 minutes
at 4000 rpm), it wor ponmrible to dissolve out the still strongly
contuminnted metabolites. The extrocts were concentruted in the rotary
cvoporator to 0,5 - 1,0 ml, the concentrated solutions werc agnin
chromrtogrophed { 2 x in the same direction of motion ), the fractions
.wrrr once more eluted witb hexane from the silica gel and subjected to

investipation by pwes chromatogruphy.

ringle oral

RARELS L AN LU

admini-tration,
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By using a pharyngeol probe, 3 rats each were pgiven orally 1,4 my  of
HEH/kg in Jatrel 9 (1,0 m1 of solution/kg). They were killed 96 hours
vfter {the bepin of the experiment. Two untrented animals were used

ua controls.

n) Method of exiraction.

The extroction of the adipose tissue wns carried out nccording to the

metbeod given for TCD,

The following conditions were vnlid for the gns chromatographie investigation:

Column: atesl, 1/8 ineh, 6 ft, 100 - 120 mes<h, 10% SE 30,
Chromesorb W , (AW-DMCS)

Injeetion block tempernture 265%¢
Detector tewpersture 290°¢
Column temperature 2§5°C
Chort speed 0,5 inch/min.

It wns posxible to identify 4 - 10 ng/ul.

Results,
A, TCD.,.

J, The gas chromsiogrom of the pure TCD mixture of isomers used for our
terir showed nt least 8 peoks of which 3 could be identified by compsrison
with the corresponding pure subsinnces, These werce the following
compounds

2,4, h'=trichlorodiphenyl ( 2,4,4'-TCD},
3,4, 4 -trichlorodiphenyl ( 3,4,4'=TC1)  and
2,%,2'=trichlorodiphenyl ( 2,5,2'-TCh), see Fig, 1,

Yo the tissue of rats, from nll the isomers, only 2,4, 4'-TCD could he
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identificd 96 hours aficr the sdministrantion of 250, 105, 10 snd 1 my

of THD/k: 3 fee Figures 2 and 3.

In the adipose tisaue, 8 = 15% of 2,4,4'=TCD were nccumuluted, in the
other orgnns only about 1% (related to that contnined in the TCD

mixture of isomers ndministrrcd), see Tables 1 - 3 ,

2, In the f;ecos, up to 72 hours aftier the end of the test, altogethe
sbout 10» of unchanged TCD mixturc of jromers could be identified. The
mpin amount waa separated out after 48 hours, In nddition to the TCD
spectrum, gas chromategroms of the treated snimnls thowed a number of
further penks which were abreni in the controla and which could not be
identified; nee Fig, 4. It is poxsibie thnl we deal wiih decomposition

products of TCD separnted out via the bile,

3. Unchanged TCD was not found in urine. After breuk~down with
A —-alucuronidnase, the thin~layer chromatographic aeparntion gave a
grenter numher of decomposition nroducts which showed a phenol-tyne

reaction, 6 main metnboliter were found, see Fig, 5.

It was posrible to reparnte to a lorge extent meiabolite 6 by repented
thin=)ayer chromatography from the occompunying substonces und it only

showed 1 peank in the gns chromntogram, see Iig., 6.

B. neon .,

Gins chromntogrophic annly:sis showed that, even at » concentrntion of
1,4 mg of BCN/kg, the svectrum of the totsl mixture of ifomers couls
be identificd in the fat extroct, ree Fig. 7. The scecumulation in
the wdipose tissue nmounted Lo zbout 154, An exnct evaluation wsn

nol possible,
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Discunsion,

In ihe orpganism, the isomeric trich]orodinhvﬁyls become bhydroxylated

to n certoin pevcentage and are, bound on glucuronie acid, separntied
out in mrine, Introduction of OlH~groups into the molecule tokes
predominently place in p- and o-positions. If these are partly
eccupied, o for instnnce in 2,%,4'-TCD, hydroxylation and,consequently,
aepurntion cin only occur to a very limted extent, if at all, Thik is
pauibly the renson for the accumulation of this particular isomer in

the adipose and organ tissue.

The concentration of the TCD mixture of isomers sepsrated out unchanged
in tlhe farcen was much snnller than expected. Un the other hond,
peskn occurring additionally in the gos chromatograms indicated
decomporition products of TCD. These moy porsibly separate out via
the bile. But there is nlso the poxribility of decomporition by

intestinal bacteria.

In contrnst to TCD, the totnl spectrum of isomers could be identified
in the adipose tissue, after the administration of IiCD. Unfortunntely,
no nure isomers were availoble, so ns to determine how high wos the
percentoge of the p end o~chlorinated compounds in the mixture of

isomers,

Summary,
1. The single oral edministration of 250, 125, 10 and )} mg of TCD

mixture of jsomurs/kg coused in rats an pccumulation in the tixsue by

only one of the isomeric comnounds identified as 2,4,4°'-TCh,
In the sdipose tissue, 8 = 15 @, iu otlier orgions about 1% of 2,4,4'-7Ch
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could be identified,

In the fneces, up to 72 hours after orsl adminisctrotion, unchonged TCH
with mepnrated out. Beaide the spectrum of the mixture of iromers ,
the gos chromntograms of the faeces extrncts of trented animals showed

rome additionnl penks which could not be identified,

In urine, unchanged TCD was not identified, The sepnration in thin-
layer chromatography gave, nfter brenk-down with g ~glucuronidase, »

number of metaholites with phenolic Oll-groups.

2, In contrast Lo the results obtnined with TCD, the entire spectrum
of isomers wos identified in the fat extrncts, after the single
sdministration of 1,4 mg/kg of HCD, The nccumulstion in the adipose

tissue amounted to about 15%.

signntures of the two muthors.
. - - Figure 1

<
&

Gas chromertograms of

R

8. 2,4,4'-TCD, 4,2 ng/pl
b, 3,4,4'<TCH, 4,0 ng/nl
e, 2,5,2'-TCD, 2,2 ng/pl
d. TCD mixture of isomers, 11,9 ng/nl
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A

Figure 2.

Gas chromstogrom of

a. TCD mixture of isomers, 6,08 ng/ul
2,4,4'-TCD (pure), 2,08 ng/ul
¢, fat extract TCD rat (10 mg TCB/kg)
d. fat extract (control rat ).

Tigure 3.

Gas chromntogrom of

8.  2,4,4'-7CD (pure) 1,h ng/ul
b. fat extract TCD rat (1,0 mg/kg)
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Tuble 1t Peteetion of 2,4,4' —~trichlorodiphenyl (2,‘:,4'-'1‘(?”) in the adipose
tissue of the rat (6’) nfter @ winple ornl ndministration of 250,
125, 10 and 1 mg of trichlorediphenyl (TCD,mixture of isomern) /Ky

(wean values from 5 animnls each)

S

& WSl due ; fecwmidolion  of

Dose ! 2,4,4'-1CD sk fut
0 Y nep |2,4,4'-1CD -
me/Xe 't | g mg ng *
250 92,0 40,66 2,53 8,2
125 44,5 18,83 2,15 14,5

10 5,31, 1,16 0,107 9,2

1 0,33 0,11 0,011 10,0

T

‘ [‘ ; : .. s
i ;‘} ' ok
| b - . o4
| i P
: AR P2
' 4 ,:A \\/ b N ¥ } !
! piti® ;
i A !
/-~..-_,J Y i
) B e A i it it o
g e :
Figure 5.
Pigure ', Thin-layer chromitogrim of urine

extracis obtnined nftrr bLresk-J.wn

G “Nromavan, an
on chromatanran of with g-glucuronidnse (nil y)

8. pure TCH mixture of isaners,23,8%0 nr;/)xl

heo Tweces exniract TCD rnt (125 mp/k) Eluent:chloroform/benzene/vw aia
e, facvces extraet control rat (127:22:1)
Spray: Wibh's yreapent.
PN oWy Ch Yous
‘(l.. x’{‘-"]lwnll‘ “L ! 1ol
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Jable 2:

ldentification of 2, Geh'

-1~

-trichlorodiphenyl (2,4,4'-TCD) in the

ndipose Lissue of the rot (6") after o single orel ndministeation of:

1, 250 mpy TCD (malars & somiri ) [ xp
i Absetils Aout- Ny Qetimadadso
Rat Bdiprse bissue
No. TCD)2,4,4'~-TCD in g 2,4,4'-TCD in u__/::__
ng ng mg
6 | 95,00 51,67 3,550 1,94 6,1
8 93,75 31,25 5,730 3,23 10,3
9 88,75 29,58 10,516 1,75 5,9
10 86,25 28,75 6,507 1,23 4,2
2. 125 mp TCD (mmbuet f tsmets } | kg A
. N
Rat | Bbsdl det . ﬁd'.l"{‘ Lkl ) ﬂtt/‘?;—]{a}lw 9. #
Fe. | TCD| 2,4,4'-TCD in g 14,4 in ¢4
mg mg v mg %
1 42,5 14,17 7,696 1,75 12,4
2 45,6 15,21 8,928 2,10 1%.8
5 42,5 14,17 ®,309 3,15 22,2
4 44,9 14,96 & 9,003 1,75 11,7
5 46,9 15,63 {6,395 2,00 12,8
3. 10 mp  TCD { meixluse 4/-!«_»1:4 / kg
Rt thskle o Hlipr b, Geomadedioe &
No. | 9 C DJ2,4,4'-TCD in g 14,47 im et |
I N mng
11 3, 45<<, 1,15 T4 ~ 00,1066 9,%
- 12 3, q 1,13 11,9 0,1011.. 9,0
13 3.,0 1,00 11,4 0,087% 8,7
14 360 1,20 16,5 0,1%79 11,5
15 v 340 1,%3 8,5 0,1011 7.6
A, 1 mer TCTDALWAIMII I50-merd / kg
Ko. ?CD|2,4,4'-1CD in g 2454 #
g mg mg; o !
16 0,%4 0,11 17,4 . ,0145 15,2 l
1 0.%% 0,11 119 0,0121 17,0 !
18 0,%2 0,11 14,5 ,011/ 10,/ d
19 0,%4 0,11 12,6 L0079 1,2 i
20 0,51 0,10 9,9 0,00%0 G, 6 ,
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Fig, 6.
Gas chromatogrum ef
y z; a. Metnbolite 6,after three-fold thin.
() layer chromatography
b. Metabolite 6 nfter the 1. thin-
layer chromatography
c. Spectrum of the pure TCH mixture
of isomers.

:
S

Yigure 7.

\\ A '
W '~ \/\... b

¢
~

~

Gan chrowm:togram of
a. Fat extract HOD rat (1,4 ng/kg)
b, HCD mixture of isomers (mure), 6,64 ng‘pl
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