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per cage, and dosed with TCDD or corn oil. The animals were kept in temperature-

rooms was limited and kept to & minimum.
TCDD solution Tor dosing these animals was prepared by dissolving § mg of the

chemical (> §9% purity) initially into 10 ml acctonce (glass dasul!cd) and mixing this
solution with 190 m! of corn oil {Nutritiona! Biochemicals, Cleveland, Ohuo) This. .
stock solution, containing 15x8 TCDD/ml was diluted with corn oil contzining 5%
1cetone Lo prowde appropriate dosing sofutions. The control group wes desed with
corn oil containing 5% acetone. The concentrations of all dosing solutions were
l . appropriale to provide 0.1 ml/10 g 10 mice. The animals were weighed and dosed once
2 week with 0.0, 0.01, 0,10, 1.0, and 10 ug/kg of TCDD, flor 8 weeks. In addition, one
group of mice were given a single oral dose of TCDD at 10 pgfkg bedy weight.
Four 2nimals were randomly sélecied from each group 2nd sacrificed at 2.4, and 8
weeks afier the treatment started. Similarly, the animals were killed 2.4, and § weeks
afier a single treatment with TCDD. At the time of sacrifice, the blood was saved for
serum and sclected orpans were collected and weighed. The liver, kidney, 2nd thymus
were placed in formalin while the spleen was saved in sterilized saline for lymphocyle .
cultures.
The tissues from these animals were roulinc!y processed and stained for his'lopa~
thologic evaluation. Microscopic examination of all orgzns was pcr!'orrned in a

random-blind fashion.
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Splenic Lymphocyte Cultures
Immediately after their collection, the spleens were washed with sterilized isotonic
saline solution 2and mashed with 2 pair of forceps in saline 10 release their cellular
constituents. The cells were scparated from the intact tissue by serially passing
through 18, 21, and 26 gauge needles. The solution was aJlowed to s2and in a glass tube
for nearly 10 minutes to remove cell aggregates, alier which it was transferred 10 2
dxﬂ'crcnt tube leaving the ‘sediment and glass adherent maztcrizls, behind. This
suspension was centrifuged at 4000 rpm for 10 minutes at room lemperaturc and the ( :
cell peilet suspcndcd in a small volume (3-5 m!) of culiure medium. An aliquot was -
used for counting cells in an elecironic counter after lysis of ervthrocvies,
Lymphocyte lransformanon was determined in cultures by.2 method essentially,-
- modified from Alhaji er al.* The cture media used was RPMI 1640 {(Grand lsland .
Biologiczls, Grand Island, N.Y.) cont2iningl 0% heat-inactivated fe1a} calf serum and )
100 wunits of -penicillin and 100 ug of streplomycin per ml. The media was
" supplemented with 300 xg/ml of L-glutamine. The cell suspcnsion wzs adjusied 10
provide approximately 8 X j0* ccils/ml and 50 ul of this lavered into cach well of 2
micro-tissue—culture plate (Microtest 11, Falcon 3040, Falcon Plastic. Oxnard, Ca).
To each wefl, 50 ) of additional culture media was added and 50 p) of mcdia either
without any mitogen or containing optimized concentrztions of phytohemagglutinia
(PHA, I ul, reconstituted, per culture well) or pokeweed milogen (PWM. | ul, per
culiure well, both mitogens obwained from Grand Island Biologicals. Grand Island,

* N.Y.). The plates were incubated for 52 hours at 37° C in humidified 5% CO; in air
aimosphere. After this incubation, 50 xl of culture media comaining 0.5 uCi of
*H-thymidine (New England Nuclear, Boston, Mass. ) was added 16 each culiure wel]
and thc incubation continued for an additional 16 hours. The gells were harvested and
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aliry vigorously washed with physiologic saline using a2 model M12V Cell Harvesier
e W (Brandel, Co.. Rockville, Md.) and collesied on Reeve Ange! 932AH glass fiber discs ’

- ’ (Whawman, Inc., Clifton, N.1.}J. These discs were placed directly in regular counting

ok '”‘iﬁﬂ‘hﬁiﬂidhy"cﬁmroﬂcd rooms with.a 42-hour.ligh /dark cycle. The access to animal @
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vials, 10 ml o!' scintiflation solution (Aquasol, New Engl:md Nuclear, Bosion, Mass.)

3dded and 1heradiogcuvitycounied. alter. shaking in:a. Mark 111 Scintillation, .

spectrameter (Searle Analytics, Tnc., Chrczgo IN.). The counis were converted 10
disintegrations per minute {DPM) using a standard quench curve, averaged and
adjusted for 10* cells in the culture system. All cultures were run in triplicate. The
stimulation index for PHA or PWM was czlculared by dividing the DPM lor cultures
in the presence of rcspcctwc m:logen by the DPM for cultures in which no mnogcn
was pl’CSCI‘l(.

To determine the effect of TCDD directly on l}mphocytcs in cullure, 1hc spleens
were collecied [rom control animals and cullured in media containing various

" concentrations of TCDD (sce RESULTS section) as described above.

Estimation of Immunoglobuling

Total immunoglobulins in sera of animals were estimaied by 2 quanulauvc
pmmunoclcclrophorcs:s (QIEF) technique modified from Bjcrrum et al.’ Rabbit
anti-mouse g, globulin {raction (BioRad Laboratories, Richmond, CA), was carba-
mylated and incorporaled into a 1% agarose ge! plate (10 ecm X 10 em X 1.5 mm).

Appropriately diluted serum samples were applied in duplicate in wells punched into

gel plaies containing respective antiglobulin and elecirophoresis performed (300 volis
for 3—4& hours or 100 volis for 16 hours) using 2 Model 1460 electrophoresis chamber
(BioRad Laboratories, Richmond, CA). The plates were pressed, dried and stained
with coomassic brilliant blue, and the heights of rockets compared to appropriale
standard samples in the same plate. A poolcd mice serum sample (pooled from
juvenile male animals) was used 25 a reference standard and all Ig concentrations

represented as a ratio 1o this pooled sample.
Statistical Analysis
The values are represenied as means and standard deviation or standard error of

means. The parameters of treatment group were compared 10 those in the respective
control group by using x 1-test. In some cases, two-way analysis of variance was

performed. The body weights, organ weights and their ratios were compared using a*

Dunnett’s *t".}

c
RESULTS

TCDD produced toxicologic manifestations in mice at high levels of exposure.
Their body and organ weights, 2t different periods during the experimentation, are
given in TABLE 1. As indicated, the increzse in the body weight of mice exposed 10 10
ug/kg/wk TCDD for 8 wecks was due Lo the accumulation of zscitic fluid (animals
with scvere ascites were not sampled). The only definitive changes in organ weights
were increased liver wcighls in mice receiving 10 ug TCDD /kgfweek.

Htswpalhologlc examination of organs showed consisient (reatment-related
changes only in mous: livers. The hepatic changes were similar 10 those described
pr:vuousl_v for rats.! The lesions ranged from s\»cllmg ang vacuolation of hepatocytes
10 autolvsis and neccrosis (both focal and diffiuse) of parenchymal tissuc. The lesions
were primarily in peripheral lobulzr regions and in some cases nearty h of the tolal
tissue indicated exiensive pecrosis. Some sections also exhibited Abrosis, increesed
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taposure Nody Ougan Weights and Their Relation te Nudy Weight
Durntion of Level Weipht Thymus Spleen lLiver. Kidncy
Eapasure  pp/kpfweek  (g) (®) (r/100g) {e) _{g/100g) (8) (g/100) {8) (e/100g)

Preeaposure ° 0 MWad 0056000 0182002 0094002 03006 1.672024 6006 #0335 0482007 175000
1 weeks (] Nl 0072000 0204000 0075000 0.204004 3904017 5.79 4 0.42 0.35% 005 1.69 200)
0.01 Wl 0065000 0174000 000000 023200} 1994011 5.5 #0321 0.562005 1.55+0.1%
0 622 0074001 OIK£002 00020020 0282005 2124020 35371021 035 4006 1.52x0.13
1 B2 005000 A4 00H 01040011 027400} 2.24 2 0.15 6.36£0.J9 0.64 + G.06 1.K1 £0;10
¢ 10 B5xl 0060000 0162001 0.094002 0264006 2.77 & 0.32] 7834037 0574008 16] & 3 1
4 weeks o J843 006002 0.164001 009400} 0254005 992032 5.14 0.3 035£007 1452009
0.01 Wad 004001 0016008 0096002 0244000 1.91+0.20 4.922 038 0582007 148 2 0;]0
01 14l 0044001 0100000 0074002 0.09 00} 200£024 3.106G£045 0582007 1.4% 4 016
i J3 005001 00200 0092002 024 £000 2I2£0M 6101209  0.61 £0.10 1.99 2 0.1?
<1 3742 005,000 0082004 0414000 0304 0.0 2.792:0.5)) 7.54 2 094] 0.62.40.11 1.68 2 0.24
3 weeks 0 A& ] 0052000 03) 2001 0094000 021004 196 £ 0.1 492+ 04) 0574002 1.4) 4007
0.01 924 0062000 0162005 0134010 0.342029 2.0} 2016 5192017 03542007 108 0.2}
.l 1143 007£00) 0164007 0012004 026012 2304 0.17 550400k 0604 007 1434 0,20
i 4444 007+001 06004 0112002 0.25 2 0.05 283+ 0221 6492041} 0604007 |06 & 01}
1} A7+ 3 0054000 001 £002 0.11£00) 0.2)2006 ).28 4 0.J6] 6.75 £ 0.46] 0.56 2 0.0) 1.16 & 0.1

1Qoly Yavimals in this group.

"Mean & S.03. of 4 animals per group, except as indicatcd,

Hmlicate significant deviation from cantral by Dunncit's lest {p < .05). The increased bod
sure, 10 ug/kg/week) was considered to be due 10 the peescnce of ascitic Muid.

y weight in the last group in the lable (8 week eapo-
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leukocytic infiltration and perivascular degencration and necrotic changes. The
incidence of liver and thymus lesions in mice exposed 10 various levels of TCDD for
i TQiMerent difitions is showh in TABLE 2. The lesions observed in control and 0.01
pe/kp/wk TCDD-cxposed group were minor.,

Treatment-related lesions of the thymus were noted only afier 4 weeks of cxposure
in groups given | or 10 ug TCDD/kg/week (TABLE 2). The Icsions observed in the
thymus were primarily a reduction of Lthe cortical area and in some cases 2 focal
depletion of thymocytes in the cortex. Cyst formation around Hassall bodies was
inftequent, and in a few cases the cortical area of thymus assumed 2 nodular

appcarance. Pyknotlic thymocytes were also present.

TanLe 2

INCIDENCE OF DiSCERNIBLE LESIONS IN THE LIVER AND THYmus
oF MaLE MIce Exrosep To TCDD®

Exposure

Level A Duration of Exposure
(ug/kg/week) Organ 2 Weeks 4 Weeks 8 Weeks
0 (Control) Livert 2/4 1/3 374

Thymus 1/4 a/3 0/4

0.01 Livert 0/4 174 4/4

Thymus 1/4 074 L 274

0.1 “Liver! 173 2f4 474

Thymus 0/4 1/4 2/4

! Liver] 4/4 1/4 4/4

Thymus§ 0/4 3jé 1/4

10 Liver] 474 414 44
Thymuss 1/4 a4 " 0/4

*Sections exzmined microscopically in a blind random fashion. Only datz on liver and
thymus are summarized here siace kidney showed no allerations in any group. The numbers
indicate the number of animals showing abnormalities/iotal number of animals in that
group,

tThe hcpatic lesions in control and (hose receiving 0.01 ug/kg/wesk group involved
vacuolation or slight deeencration of hepatic celis,

1The organs showed extensive perilobular diffuse dggeneration and/for necrosis,

§Marked conical atrophy of thymus with or without the depletion of thymoceyies was
noticed in these groups. Other groups did not show 2ny definite lesions.

TCDD caused a stimulation of lymphocyte transformation when no mitogens were
present in the culture sysiem (FIGURE 1). After 4 weeks of TCDD administration,
there was 2 significant increase in the thymidine uptake of splenic culiures at all
TCDD dose levels as compared 10 controls. This trend appeared 1o be reduced afier 8
weeks of exposure.

The extent of phytomilogen (PHA or PWM)-induced Jy mp‘:ocytc blast formation
was reduced by TCDD exposurc (FIGURE 2). The decrease in the stimulation indices
(DPM in the presence of a phytomitogen divided by the DPM in 2n identical cuhture
but without the milogen) in TCDD groups is partly becsuse of the increased
thymidine uplake in vnstimulated cultures. A reduciion seen in siimulation indices

after 2 weeks of TCDD cxposure became marked zfter 4 weeks and scemed 1o
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disappcar at §- weck period. The decrease was obscrved both in PHA- and PWM.
-induced.stimulation indices, and a s‘g.mfcan( reduction {in paired comparisons) was
obscrved in one or more dose fevels at d'ﬁ'ercn! lime intervals despite the Jarge
varialion inherent in this type of:may system."

The serum immunoglobuling in mice at different periads of TCDD exposures are
shown in TABLE 3. The treatment with 0.01 or 0.1 ug TCDDfkg/weck appeared 10
increase the immunoglobulin, while the higher doses (i.e. 1 and 10 pg/ka/weck) of
TCDD decreased thesc proieins.

When mice were treaied orally with a single dose (10 pg/kg) of TCDD and
sacrificed a1 2, 4, and § wceks after the treatment, a significant increase in
" spontancous !yrnphocytc ransformation was scen only at 2 weeks afier 1the challenge.
The details of these results have been presented clsewhere.!' The eficets on

DPM/Million
Celis x 10 .
§

TCDD wolfkaiwk

C = Control
1= 0.01
6~ r‘ 2«01
3=1
4=10

=

b—=ft

1[4+
bf 4.

T

c C1234 C1223 4 C123¢
Pre-exposure 2-Weeks A Weeks B-\Weeks
Duration O Exposure To TCDD

Figure I, Uptake of *H-thymidine by unstimulaled mouse splenic cultures at different periods
after expaosure 1o TCDD. Although a decreasE with time is seen in control cultures, all
TCDD-caposcd proups showed tn increasc owver respeclive control groups. “Indicates 2
significant deviation from conirol (p < 0.05).

tymphocyte transformation, apparent at 2 weeks post-administration persisted at the
4-week interval afier treaiment but were not significznt, znd no difierences between
conirol and treated animals were observed in cultures § weeks afier doing. A similar
irend was obscrved in the respective stimulztion indices. The thymic ¢hanges and the
increase in liver weights also followed 2 similar trend. The histologic effects in liver,
however, persisied, although the degenerative lesions observed microscopically were
less severe afler B weeks.,

When TCDD was directly 2dded 10 the mediz in splenic culiures, the Ty mphocvies
did not show any increzsed blastogenic activily. In fact, 2 dose-related decrease in
’H-thymidine incorporation by lymphocytes was observed (FIGURE 3) with increasing
TCDD concentrations. FIGURE £ prescats data on a similar sysicm when the cells were
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Firiuar 2. Stimmlation indices by phylomitogens, phylohemnggimtinin (PILA) and pokewced milogen (PWM) in mouse
splenic cultures in relation 1o TCDID exposure. The eullures arc similar 1o those in FIGUAE 1. *Indicales signilicant dilference in
group when compared lo respective controfs {p < 0.05). Stimulation index = DPM from o culture in the presence of cither PHA
or PWM divided by the DPPM in a similar cullure without a mitogen,
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Tance 3
SERUM - IMMUNOGLOALLINS IN MICE EXroseo TO DierrreNt LEVELS of TCDD
TCDD

Exposure Serum g 2t*®
(ug/kg/wk) Preexposure 2 Weeks 4 Weeks § Weeks
0 0.49 = 0.06 0.94 & 0.25 1.14 = 0.06 0.9 =032
0.01 - 1.06 = 0.)} 1.48 = 018 1.95 = 0.9%

0.1 _ 1.04 =015 1.67 % 0.39°" 2.58 x 047"

1 —_ 1.17 £ 0.27 1.43 « 0.18 0.85 0.1
10 —_ 0.87 = 0.13 0.79 = 0.08°* 0.72 = Q.18

“The values expressed arc catios of serum g in relation 1o 2 pooled normal mouse serum

sample, Meun = S.E. of 4 observalions per group.
“*Indicaic signihcant difference (rom the respective control at p < .05,

cultured in the presence of mitogenic agents. No cffect of TCDD on stimulation
indices suggests that the observation in FIGURE 3 was possibiy due to the direct

cytotoxic efiect of TCDD on lymphocyies.

DISCLSSION

Qur experiments with TCDD in mice confirm the early findings that high dose
levels'of TCDD are immunosuppressive. 11 has been shown 1o be 2n immunosuppres-
sant in guineca pigs. and rats’ znd developing rats apd mice zfter maternal and

DPM/Million
! Cells x 1077
. 0 -
30— r}
1+ 1 s
. 1 (1] ’1—\ -

«
i—]—t-

o O T A )
ln-vitro TCOD Concentration [M]

|

‘ FiGure 3. Effect of TCDD added directly to 1the incubation medium on lymphocyie
trznsformation in meuse ¢plenic lymphocyie culiures, Cells isulated from normal mice were
incubated in culiure media containing approprisie concentrations of TCDD. *!ndicates

signifieant diffcrence fram the cunmal culiures 3t p < 0.05,
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0.91 = 0.12

1.95 « 0.99
.. 2.58 « 0477~

085« 0.11
- 0.72+ 0.18

cd normal mouse serum
.05,

TCDD on stimulation
ibly duc 10 the direct

incings that high dose
be an immunesuppres-
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postnatal treatment.’ The immunosuppression in our experiments was evident by
decreased stimvulation indices of splenic Iymphocytes 16 the mitogenic 2gents. PHA
and PWM.

The results presented in this report, however, differ (rom the carlier ones in several
respects. The immunosuppressive cflect of TCDD in mice was nol necessarily
dose-related in (he range of concentrations that we have vsed. Usuzlly the pathologic

TeSions were apparent, particularly i the Tiver, al Jevels of 1CDD exposure lower than
that were shown to be immunosuppressive. Generally the immunc suppression was
seen in mice at doses of | ug/kg/wk or morc, when exposure was continued for severa)
weeks. At lower expasure levels, the immunosuppressive effect was not apparent while
liver changes were observed. The changes in thymus, Gescrioed in earher reporis’ were

-r

Stimylation Index

2
PHA
L pwm
sl B
10
: b
sl : 3
: is%
° -|.0r’ ':'o" ;cr' ;0~‘ -1.0" ;0-‘

invitre TCOD Concantration [M]

FIGURE 4, Stimulation indices in splenic lvmphosyvie culiures incubated in the presence of
PHA or P\W'M and different concentrations of TCDD. The culiures are similar 10 those indicated
in FIGURE 3. Suimulation index = DPM from a culture in the presence of cither PHA or PWM-
divided by the DPM in an identical culturewithout mitogens. Addition of TCDD did not have

any ¢ficct on stimulation indices by either PHA or P\WM,

ne unique feature of

obse udics, but these were not alwavs dose-relat
such thymic lesions was the absence of any changes in the two highest dose levels of
TCDD exposure at the end of 8 weeks in mice. The only appreciable atrophy of thymic
cortex and depletion of thymocytes were seen in these treaiment Jevels at the end of 4
weeks. In mice, even the decrease in thymus weights that was observed after 2 and 4
weeks of TCDD exposure, was not seen after B-week trcatment. Although not
conclusive, 1his Ainding suggests that there may be a recovery of thymic Lissue even if

the exposure 10 TCDD continued at high levels. 1i may-be interpreied as a sor of

adaptation in this organ 1o the presence of TCDD. The same was not true, however,
Jor liver lesions, which were progressive with time ynd 2ls¢ with The level o

sure,
An important observation of this study is an increasc in ihe sponlzneous blast

—
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formation {n snfrmc hmphocvlcs wnhou! munno&cmmﬂct; Th1s increase was
riods and pa vious in mice receiving low dose levels
TCDDB. The exact implication of this finding 1s nol clear, but i{_sugezsis a
sumulanon in the functional activity of ly mphocus This can be compared 19 an
“Increase when the ammals arc challenged with an antigen.” In cur sdditional studics,
Such increase was scen in control groups that were injecied with an antigen mixture
(tetanus 1oxoid and Freund’s adjuvant: dala not given here). One possible explangtion’
of this stimulation in spontaneous jymphocvig transformation _may be that the

2dministration of TCDD produces an zntieenic response, cither by combining with a
Body protein, or by causing lissue damage leading 10 the relcase ol zliered protéing

._F.@Ehﬁgmuxmg._foland and Glover™ have reported 2 specific and high afnity
inding of TCDD with hepatic eyiesol,

© The decrease in the stimulzalion indices 1o mitogens blTCDD cxposure mav be the
result of immupe tolerance produced by the possiblc am genic efiect of this chemical,
Manngcns and 2nlibodies are known Lo produce immunc lolerance or immune
unresponsiveness.' In our studies, an immune unresponsivencess {or immune suppres-
sion) was scen only at reIativcly high expasures 1o TCDD, which may suggzst that a
salurable amount of cither antigen or antibody may be present at these treztment

levels,
i i is also s : ing that in

CONS):

mice
cxposure. A_significant increase in total lg appezred at 4 and 8 weeks alter U.
fin/kg/week of T ireatm high ireztment levels of TCDD, the decrease in
immunoglobulin levels may be related 10 the damzge of the organs or cells that are
sites of globulin production (e.g. Iymphoid tissue).

Vos and Moore' have reported that PHA responsiveness on spienic cells was
decrezsed in one-month-oid mice but not in 4-month-old animals. In our siudies using
4-5 month old mice (dara not shown) both PHA znd PWM responsiveness were
significantly decreased 2 weeks afier 2 single dose of 10 pg/xg TCDD, zhthough this
decrease was nol 2s remarkable 25 in growing animzls. ln these animais as well, the
sponizncous increase in DNA svnihesis was seen in spienic culiures, One of the
rezsons for the relative insensitivity of adult animal lymphocytes may be that the
Ivmphocyle response 10 mitozens 2s well 25 spontancous bizsi formation in culiure is
considerably decrezsed with age and the infivence of the chemical irc2tment may not
be remarkable, Adull animals may also bind TCDD morc ciiciently in selecied
organs (i.c. liver) than in the young ones. thus there may be iess amount of TCDD

available in the adults in other tissves. -

SUMMARY

Male CD-1 mice were orally treated with 0.01, 0.1, 1 and 10 wg TCDD fkg body
wi, fweck for up 1o § weeks. Randomly selected animals were sacrificed 21 2, 4, 2nd 8
weeks of exposure. An 2ddilionzl group was given orally 10 g TCDD/xg and the
2nimals similarly sacrifced. Spieaic Ivmp hocucs from theee znimals were cubtured in
vitre with or without the presence of phytomitogens, phyvichemagelutinin, 2nd
pokcweed mitogen. The incorporation of *H-thymidine was measured 25 2n indicalion
of refative blast formation. Exposure of znimzls 1o TCDD, even at the lowest level

(0.01 ue/kg/wk for 2 weeks) caused 2 marncG Increase 1n the thymidine uptake by

. 1 he blastogenic responsc of mitogens was reduced 2t high levels
Seet. Following 2 gingie

of TCDD exposure, indicating an immuncsuppressive efect.

treatment with 10 gg TCDD/kg, the increass in the dlast Jormairon was noied 21 2




cnics

vducer. This increase was
¢ receiving low dose levels
slear, bul 3t suepests a
"an bc compared 10 an

. our additional studies,
with an antigen mixturc
Onc possible explanation
sztion may be that the
her by combining with a
siczsc of aliered proteing
specific and high affinily

"DD cxposurc may be the
c efiect of this chemical,
1¢e tolerance or immune
=s$ (or immune suppres-

hich may sugeest that a -

:sent al these treatment

.cd by the finding that in
zsis at the low levels of
znd 8 weeks after 0.1
TCDD., the decrease in
czans or cells that arce

ss on splenic cells was
2is. In our studies using
M responsiveness were
2 TCDD. although this
:se enimals’ 2s well, the
¢ celtures. Oz22 of the
scxizs meay be that the
formation in culture js
sicz! ircatment mayv not

cfciently in selected
less amount of TCDD

10 ug TCDD/Xg body
acrifced at 2,4, 2and §
¢ TCDD/kg 2nd the
imals were cuhivred in
tehem2gglutinin, 2nd
tsuied 25 an indication
‘en 21 the Jowest Jevel
- thymidine uptlake by
recuced at high levels
- Follewing 2 single
SEH0N w25 noted an 2
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weeks, the effect reduced a1 4 wecks, and na difference noticed in treated vs. control

Toltures § weeks afier the trearment. Small doses of TCDD stimulate the splenic
I\mphncyic transformation and this effccl, although somewhat dose-related, can be
reversed in a relatively short period of time.
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