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Polychlorinated Biphenyl and Hexachlorobenzene
Induced Humoral Immunosuppression

L. D. Loose, K. A. Pittinan, K.-F. Benitz and J. B. Silkworth

Institute of Comparative and Human Toxicology
Athany Medical College
Albany, New York 12208

INTRODUCTION

The influence of pesticides and other environmental chemicals on immunce re-
sponses has received scant attention. Immunosuppression by chemicals of en-
vironmental importance is a developing concer in chronic toxicity assessment.
Ao, chemicils that are persistent in the environment are of particular interest
hecause of their possible accumulation in animal tissues and subsequent magnifica-
fion in the food chain (4, 23, 28). Indecd, most feared and least understood are the
passible effects of the chemicals on cell regulatory processes which Golberg (13)
his termed 'the three geneses' — carcinogenesis, teratogenesis and immuno-
genesis (15).

Several environmental contaminants have been reported to be synergistic with
infectious agents. Polychlorinated biphenyls (PCB's) (8). arsenicals (12), cobalt
awiphaie (11) and sulphur dioxide (5) increased the mortality of animals infected
with viral agents. Lead nitrate (14) and 2,3.7.8-tctrachlorodibenzo-p-dioxin
TCHN) (24) enhanced the mortality of mice to Salmoncella sp. challenge. Evidence
indicating an impaired host resistance to protozoan or rickettsial infections is
presently unavailable. The enhanced susceptibility to bacterial and viral challenge
tnanimals exposed 1o environmental chemicals may be related to a suppression in
antibudy (Ab) formation previously reported in animals administered either lead,
cadminm, mercury (17), PCR's (1K), or DDT (30, 3}, or to an impaived ccll-
mediated immunity (9, 10, 28, 29) in organo-chlorine treated animals,

Two environmental chemicals of importance which have not been extensively
investignted with regard to their impact on immune responsiveness are
hexachlorobenzene (HCB) and PCB's Polychlorinated biphenyls are extremely
sable compounds, are not hydrolyzed by water and have high thermal stability.
They hive o low acute toxicity and are poorly metabolized, particularly those with
more than 4 chlorine atoms on the phenyl rings. Hexachlorobenzene (CoCis) is used
agriculturally ins o fungicide and industrially as a chemical intermediate in organic
wnthesis,
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The increased mortality observed in ducks fed i diet containing 25, SO or 100 ppm

TRER

of Aroclor 1254 for 10 days and subscquently chisllenged with duck hepatitis virus :-\l‘,l,llv.

(8), coupted with the demonstrated reduction in neutralizing Ab liters to PHXO
pseudorubics virus in rabbits administered 300 mg of cither PCB 1220, 1242 or 1254 ! hevan.

once i week for 4 weeks (18), suggests an immunosuppressive action of PCR's ) i

Thercfore, the present studics were conducted to evatuate the influence of dictan ' graply:

administration of PCB's (Aroclar 1242) and HCB on Ab production and immuno. : Sen

globulin concentrations. Concurrent analysis of tissue levels of the chemicials and # mlof

! histopathology of sclect lymphoid tissues and reticuloendothelind organs were L,
L atilized o relate tissue concentration and morphology to functionality. ! of e
: Ko
' MATERIALS AND METHODS smpie

Animals. Male Balb/e mice (18 to 20 g) were used throughout. Food and witer ‘ d'";’\i
were provided ad liitum, o

. . . . clecties
Test Chemicals. “The polychlorinated bipheayl Avaclor 1242 (Monsanto) and ! cletis

HCB were mixed in the diet at a conceniration of 167 ppm. Hexachlorobenzene ”‘:T::‘:
(ast practical grade) was first passed through activated charcoad and then 1% N
crystallized from boiling benzene. Control animals received the normal Wayne ”‘,'“R“.
mouse diet. Diet analyses were conducted 1o confirm the correct concentration of :‘t‘.‘.l.':\'u\
Arocior 1242 and HCB in the food. ] et
fnununofogic Parameters, Six weeks after being placed on diets containing 167 s .\(“, )
ppm of ¢ither PCB 1242 or HCB. all mice. including control animals, received an ke
L. injection of 0.1 ml of 10% sheep erythrocytes (SRBC). The primary Abresponse p‘ll );
was evaluated hy the splenic direct plaque-forming cell (PFCY method as desenibed :“\ r',“‘\
by Jerne and Nordin (16). The plagues formed in this technique have been suggested e

acalon

to represent 195 or 1gM Ab producing cells (3. 20). The primiwy PEC vesponse was

measured on days 4, §.6 and 7 following immunization. Liver. tung. splecn. }’ “‘_‘fﬁ,“h
mesenteric lymph nodes and thymus tissue samples were also e viduated af this ime ““Lll Ll:;
for histopathologic changes and for concentrations of PCB 1242 and HCB. Serum h ;I:\h:
1pGa, oA and 1gM concentrations were quantitated by radial immunodiffusin s
(RID) using commercially prepared (Mcloy Laboratories) RID plates for mouse km‘\ ‘L\
immunoglobulins, A secondary i.v. challenge of 0.1 ml of 10% SRBC wis admins Langs s
tered 2 weeks following the primacy immunization. Direct splenic PFC formation. Bt Wi
serum immunoglobulin (1gGe. 1gM and IgA) concentrations, histopathology of Tnorer
liver, lung, spleen. thymus and mesenteric lymph nodes and tissoe fevels of PCH - Kanges wa
1242 and HCRB were evaluated on days 3. 4. 5 and 6 following the secondan paren e
immunization. - ) ) wmples
Todetermine the eftectof the PCB 1242 and HOB on Abmemory cells. a separate apencrat
wroup of animals was immanized with 0.1 ml of 10% SRBC 2 weeks prior 10 being e mets
placed on the diets containing cither PCB oy HCB and then challenged with SRBCH Sphes
werks fater while stifl on their respective dicts. The parameters measured were the e
sime as previously described. r :\ (\;‘
Analvsis of HCB and Aroclor 1242, Measured samples of spleen. thymus, lives, n:.f:;::.: I’
lungiand serum were placed into xeparite ghiss vials. Two miof acetonitrile and one andfor
mi of 2% sodium sulfate were added 10 cach sample. The samples were allowed w Lolheles +
stand overnight, shaken and were extricted with oae § sl and two 2 ml portions of A
hexane. The hexane extracts were evaporated overa stream of nitrogen to a volume '

Lotge Ty
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of | to 2 miand then passed through a microcolumn fitted with a glass wool plug and
comtaining 1.6 ¢ of anhydrous sodium sulfate above [.6 g of PR grade Florisil
(0V120 mesh, Sigma Chemical Co.). The column was prewetted with 10 ml of
hexane and the exiracts were eluted from the column with 10 ml of hexane. The
ehuiste was brought to an appropriate volume with hexane for gas-liquid chromato-
graphic (GLC) analysis,

Serum sampies of 0.03 to .10 mi were pipetted into glass extraction tubes and 2
mlof 2% sodium sulfite were added. The sampies were extracied with three 2 ml
aliguots of hexane and evaporated to an appropriate volume by drying over a stream
of mitrogen.

Knows amaounts of HCB or Aroclor 1242 were added to control tissue or serum
samples and analyzed simultancously with experimental samples and direct stan-
dands,

A Hewlett-Packard gas chromatograph (Model 5713A), equipped with a "N
electron capture detector held at 300 C and containing 4 6 x 14" (0.25 mm 1.D.) glass
colwnn filled with 3% OV-1 on Chromsorb Q. 1007120 mesh, was maintained ut an
oven temperature of 210C for analysis of Aroclor 1242, A casrier gas of 5% methane
inargon was used at a flow ritte of 45 mimin. The G1.C conditions for HCB analysis
reguived the use of the above glass column filled with [.5% OV-17/1.95% QF-1 on
Chromsorh W HEP. 8(1/100 mesh, maintained atan oven tempervature of 190 C. Two
pliters of each sample were used for the analysis of either Aroclor 1242 or HCB.

A regression line was calculated from peak arca of Aroclor 1242 x attenuation or
peak height of HCB x attenuation vs. concentration of Arocior 1242 or of HCB for
extraction stan . and the resulting slopes and intercepts were used to deter-
mine the concentrations of the compounds in the tissue and serum samples. Peak
area for Aroclor 1242 was determined using a Sargent-Welch dual pen recorder and
megrator. The percent extraction, determined by comparing the slopes of the
regression lines for extracted and direct standards, was found to range between 90°
antd (XY 4.

Histopathology — General. Mice were anesthesized with cther and killed by -
exsunguination. The peritoneal and thoracic cavities were opened and their con-
tenis examined in site. The spleen, mesenteric lymph nodes, liver, thymus and
lungs were removed i the stuted order. The spleens were cut longitudinally and one
half was used for immunologic studies and the other half was fixed for histology.
Twarepresentative samples of liver were fixed in 10% buffered formatdchyde. The
fungs were injected with a smail amount of formaldchyde (o expand the pulmonary
parenchyma to its normal size: all other argans were fixed en bloc. The tissue
samples were embredded in paraffin and cut a1 6 um. Hematoxylin-cosin was used as
ageneral stain for all mrgans. A paraliel set of lung sections was staincd according to
the method of Cason (2) for the demonstration of type §1 pneumocyies.

Spleen, Each hematoxylin-stained section was projected on a sheet of millimeter
puper at 40X magnification. The outline of the entire section and the arcas of white
ulp wese drawn in. resulting in o topographical map of every spleen section.
Panimeter vilues expressed in mm? were obtained for the entire area of the section
and for all follicles (which were individuaily numbered at the time). The total area of
fullicles was then expressed in percent of total area of the spleen section. The
composition of the folliclex which contained both small and large lymphocytes, or
Lige lymphacytes alone, was determined by a point sampling method (1) at a
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256 LOOSE LT AL.

magnification of 400X. Each follicle was represented by 100 test points and 10
follicles were chosen from cach section, resulting in a total of 1.000 test points for
cach spleen. The results were expressed as percent of total individual follicular
volume. These 10 values were then averaged to give a percent volume figure for the
entire section. Increases in number of pyknoses and amounts of nucicwr debiis in
splenic follicles were graded as: normal, minimal, slight, moderate and marked.

Thymus and Mesenteric Lymph Nodes. Hematoxylin-cosin stained sections
were examined microscopically and the presence or absence of some morphologic
details was noted without further quantification.

Liver, Hematoxylin-eosin stained sections were used (0 quantify microscopic
changes, using the following scores: normal, minimal, slight and moderate.

Lungs. Hematoxylin-cosin stained slides and paralicl scctions stained with Ca-
son’s method (2) were used to enumerate microscopic changes, using the scores:
normal, minute, slight (few) and moderate (some), the terms in parentheses being
used 1o describe numbers, the terms outside the parentheses indicating degrees of
change.

Stativueal Lvaluation. Data are presented as the mean * standard error with
significance, as determined by the Student t test, denoted by the lettered
superscript.

RESULTS

The dictary administration of 167 ppm of Aroclor 1242 or HCB 1o male Balb/e
mice for 6 weeks resulted in a > 2x reduction in peak primary (1) splenic Ab PF(
response to SRBC antigen (Ag) (Table 1). The peak PFC response occurred onday §
following Ag injection in PCB, HCB and control mice, suggesting that there was no
delay in response time. Also. the total yicld of mononuclear spicen cells in PCB or
HCB treated mice was unaltered from control values (Table 1), A concomitant
reduction in serum 1gGs, 1gA and 1gM was demonstrated in PCB and HCB treated
mice throughout the measured [° response period. Although all the immunoglobulin
concentritions measured were decreased, the most consistently and significantly
reduced was 1gA. Polychlorinated biphenyl and HCB treated mice had serum igA
levels which were consistently 40 to 80 mg/d! lower than control values throughout
the 1 response. Serum 1A levels were more profoundly reduced in HCB treated
mice than in those animals which received PCB 1242 (Table 2).

Lung, thymus and spleen weights in the PCB and HCB treated mice were
comparable to control values. A significant increase (11110 160% of control values)
in relative liver weight in mice receiving PCB or HCB was ativibuted 1o centrilobu.
lar and pericentral hepatocyte hypertrophy (Table 3). Histopathologic examination
of the lung, spleen, thymus, or mesenteric lymph nodes did not reveal any histologic
alterations. Morphometric analysis of the spleens from PCB or HCB treated mice
did not indicate any changes from control values in the number, size or cellular
composition of the germinal follicles.

Mice maintained on the diets containing 167 ppm of PCB 1242 or HCB and
injected with a secondary challenge of SRBC 2 weeks following the primary
immunization manifested a significant reduction in the sccondary splenic Ab PFC
response. Control mice elicited a maximal response of 133 = 1S PFC/10¢ spleen
cells while PCB treated mice had 52 + 4 PFC/10% spleen cells and HCB treated mice
had 79 = 15 PFC/10% splecn cells. Since there was no difference in the yield of 1otal

— —
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TABLE |
Effect of PCB 1242 ar HCB on Splenic Anti.SRBC Primary (1) Response in Micv®®

q Day § Day 6 Dy 7
Conltral B HCB  Control PCB HCB  Control B HCB  Control PCH whn
CeltuSpleen 29 778 216 314 2.60 2717 175 2.08 1.64 2.36 1L9R 17
PN T COM + 03 202 2075 021 =041 =043 2029 030 02} 02 <4
PHCISpleen 7438 5,767 6.538 65980 2665 184%0  R.M8 4,384 4426 11088 2747 54

< 1189 + 520 4706 9812 24612 23021 22214 A 2 Y84 + 1278 + 416 KV

PECAO 25 2 Al 233 9 1o 55 2 n 48 s 4
Splecn eells 2 +3 2 * + N + 16 = 13 23 L ] 85 2 4
*The primary ducct splenic PFC to the SRBC Ag was eviduated in mice fed 167 ppm of PCB 1242 or HCH for 6 weeks. at which time all mice received o

“Patu are enpressed s i

primary v, bvinistration of 0.9 ve of 10% SRBU. The mice were maintained on their respective diets during the response peniod.
ncin ¢ standard error with significance levels indicited as by p < 0.05:¢) p < 0.02:d)p < 0.00;¢) p < 0.002: flp« VR Ttk

n all gronps.
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TABLE?
Serum Immunoglobulin Concentrations in Mice Fed PCB or HCH and

Immunized (1°) with SRBC* .
Day 4 Day § Duy 6 Day 7

Control lag i} HCB  Control PCB HCB  Controt B HCB  Conurod LA U I )

15Gy mp/di 300 280 260 490 290 30 510 190" Ja0 540 400

<13 <40 ) * 35 + 1) EIR1 263 16 12 + 50 oY

1A mg/dl 170 130 0 190 1400 e 40 1400 2807 190 (NI

* 12 * 20 * 3 213 =8 +2 ER + 3 <18 1 <9
1gM mp/di 430 410 90 410 360 o 180 e 290 370 LTI
238 72 18 27 21 02 163 27 =14 IR <17 [N

*Halbie male mice were fed Aroclor (IXC13) 1242 or HCB in their diet at a concentration of 167 ppm for 6 weeks al which ime they receved o prinvny
immunization i.v.) of 0.1 cc of 1074 SRBC. Serum immunoglobulins were determined on days 4.5.6 and 7 by RiD.

SDats ate eapressed as mean 4 standind error: b p < 0.05;¢) p< 0.02:d) p < 0.0 ) p < 0.002: H p < 0.001; 1 = 6 10 Kn all gronps

TABLE}
Effect of PCH and HCB on Body and Organ Weight in Mice Fed PCR and He'p o
| R
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TABLE 3

Effect of PCB and HHCB on Body and Organ Weights in Mice Fed PCB and HCB and
Immunized (1) with SRBC**®
Day 4 Day 5 Day 6 Day 7

Control (L o:] HCB Control PCB HCB Controt PCcB HCB Conuel (L@} Hen

Body Wi, a2 L9 289" 3.5 318 30.9 29.3 2.3 278 90 RIRL wo
(] 4 0.35 < 0.1 071+ 0.69 > 0.9 = 0406 * 072 + 037 + 0KS * 068 s 061 B
Relwnve 549 6.04 6,765 5.50 5.10* RAVAREELR M 6.32%, 874 837 617 7
Liver Wi, %5 < 0.22 0.0y 2042 ¢+ 018 = 004 022 =021 * 0.2 + 0.8% : 045 <08 L0
Relative 0.75% 0.708 QK07 0.7%6 0.609 0717 0.67 0.524 069 0.679 0.524 07
Spleen W1. % < 00 * 0.0 = Q.08 <« 0.04 = 0.06 = 002 + 0.07 * 002 ¢ 003 008 001 < om
Relauve 0107 0.142% 0126 0128 0.124 0.153  0.143 0110 02 01588 Qe am
Thymus Wi 0 = 0.01 + 0.0t ~ 0001 =+ 001 = 0.01 2 001 =000 00t 1001 - 001 - 00l C oot
Relove 0.522 0.532 0.496  0.562 0.506 0514 0.710 0.616 0.686  0.635 0.629 0.620
1 ung Wt %, + 0.02 + 0.03 <001 + 00 =001 + 001 2002 £ 000 =004 =00 c 002 - 0m

*Asocky 1242 und HCB weve fed in the dict at aconcentration of 167 ppm for 6 weeks, at which time sll mice received a primary immumzation (1, v ) with 0 |
v od KR SRBC. O gan weightn, mstopathology, chemical anndysis and fimmunc s were conducted on diys 4. S.6.and 7 following
immunization,

’ M e expressed as incan ¢ divid ervror with sig ¢ levels ind, asb)p<0.05.¢)p £ 0.02:d)p< 0.0):crp<0.002:Np--0.001;n S8

i all gonps,
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TARLE 4

Effect of Araclor 1242 or HCB on Splenic Anti-SRBC
Sccondary (1) Responsc in Mice*®

Day 3 Day 4 Day § Pay 6

Conteal e HCB  Control PCB HCB  Control pCB HCB  Control P HCR
CellvSpleen .09 2.94 3o 2.52 3.40 1. 2.00 2.12 1.69 1.82 1 60
X <03 2016 2027 2039 2020 0K +014 032 2028 202 0 Q0
“ P1CiSpleen 40.737 15,724 22,034 26,590 14,926 19,152 11859 307 3.49¢ 6,710 7474 A7
! < 4,120 * S5 2 3022 4 4209 =+ 4946 = 9210 2 1,566 2 493 2 650 2 1147 2 L6+ I 4]
mene (KX} pvd ki N s AT 0 12y ir 45 44 W
Spleen Cells cs » 4 5 EL + 13 210 29 22 + 3 : 10 <R [}

0.1 ¢¢ of 1004 SRHC, The mice weie maintained on their dicts of 167 ppm of PCB or HCB during the response period.

St e expressed ssmean ¢+ stundard error with signifi levels indi ash)p < 0.05:¢)p <0.02;d)p <001 )p <O Hp - OO n - TN
in all groups,
— s -
~N
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TABLE §

Scrum Immunoglobulin Concentrations in Mice Fed PCH and HCB
and Immunized (11°) with SRBC®

Day 4 Day § Ik 6

Day 3
Control e HCB Coutrol B HCB Control s HCH Control s Hew
1ty mpdl 320 300 490 380 460 kR 440 4 S40 340 26 “an
36 + 24 = 81 * 6l * 54 * + 47 * 82 + 68 + 0 <1 <o
tgA (mg/ll} 140 140 1 160 190 150 190 170 1400 %0 170 ar
<7 -8 + 3 1 + 19 +13 =2 =13 ERR) te <1 T h
1Mt 180 340 300 380 370 450 400 R/t e 0 10 L]
AR K 428 =23 <17 L 18 x4} 35 + 26 .20 L) AN LR

imnwmoglubulin concentrations were determined by RID in mice clullenged with SRBC 2 weeks following thew 1Y imumumization. Albimce were
4 on then diets ¢ ining 167 ppm of PCB or HCB duning the sccondary response period.
MDatiare expressed as mean 1 ndard error with levels of significance indicated as: b)p < 0.05;¢)p < 0.02:d)p < 0.01;chp < V2, Np GO0 Tin
Banalt poups,
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TABLE®

Effect of PCH and HCB on Body und Organ Weights in MICt’dlllln“ the Secondary
Respoase to SRBC

Day 3 Duy 4 Day § By 6

Contiol PCH HCB  Control PCB HCB  Control R HCH  Conual POl HOl
HBody Wt 299 308 28.5 29.5 312 %6 300 3200 309 29K Ma N
®) ¢ 0.82 2 048 2 084 =055 £ 071 =086 : 056 * 061 2002 <00 076w
Kelative sS4l 6,5(r 8617 s.55 6.807 10.42° R3A3 7.04¢ 9.8 38 65 RoAxe
Liver W, % * 028 + 0 202 *064 =017 =021 =03 2 Q.08 =022 + 0Kl P s
Relative 0.724 0.63% 0709 0536 0.692 0.754>  0.569 0.581 0.691" (1644 0577 Gas
Spleen Wi, % <006 + 002 2003 :0.006 00y 2005 =003 4004 2001 0N <008 oM
Relative oo 0112 0.105  0.086 0.086 008k OORS 0.000 0076 0.0R2 wmo oo
Thymus Wt. % 200 * 001 001 =001 = 0.01 + 0.0t 200! 001 001 » 00 S0 ol
Relutive 0.69% 0.782 0768 0.593 0.576 0.679  0.662 0.604 0650 0636 Q68 g
Tamg W1 % 2 0.4 005 <2 p0X . 001 + 001 2 004 =2 0.06 * 0. = 0.0k 2 003 cow o aat

*Avckon 1242 amd 1O were fed in the diel i concentration of 167 ppm for 6 weeks. at which time all mice reccived o prmary immumzation of 0 [ oy of
1 SRUC . Pwirweeks bistes atl mece received a secondary challenge of 0.1 cc of 10% SRBC. Body and organ weights. histopathotogy. chemica
measirements of immune paameters were determuacd on diys 3, 4. S and 6 following 31° challenge.

Pt ke ear d a8 mean 2 Jard error with signifi levels indi dustblip <005:¢c)p<B.02.:)p< 0.0 0rp- OO0 Np- D0 Stk
e all groups.

aly s~ and
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TABLE 7

EfTeet of PCB or HCB on the Secondary (114 Splenic Anti-SRBC Response
it Mice Primed with SRBC Prior 1o Dictary Administrition of the Chemicals®®

Day 4 Day 6 Day 8

Connol ren

Control PCB HCB  Control rCB HCB  Control

Pei

CelwSpleen 2 2mn 286 1.75 1.62 2.21 1.54 1.46 158 1.68 pRT} A1)
X < 0AR < 036 © 038 <048 *013 2028 + 0.5 + 016 =014 <013 1 0.64 R
F-CISpleen 4068 2910 170 S.B86 Lng 2,308 6418 2408 2N¥F 2N 192 (BN
LAY 2 1S * OR2 + 19 + 459 =+ 9 + 710 + 480 + M5+ 14K BTN

PECHOC 17 1 L 36 1 1 41 18 i s s 6
Spleen Cells 4 R 1 8 B 23 <6 s .2 I 2 >

*Mice were immunized with 0.1 cc of 14 SRBC 2 weeks prior 1o being placed on diets containing 167 ppm of ICB or HCB. After 6 weeks on the dictiay
segumen, the miee 1eveived n secondaty challenge of SRBC. Responses were evaluated on days 4.6, 8 and 1.
Sutaare eapressedas mean ¢ standied error with levels of significance indicated as: h) p < 0.05,¢)p = 0.02:d)p < 0.00;e)p - 0.002, Hp e (OG0

S
Rl groups.
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TABLE 8

Serum 1 tobutin Ci During Scc

dary Response to SRBC in Mice

Primed with SRBC Prior to Being Placed on the Dietary Regimen Containing B or HCR*"

Day 1t

Day 4 Day 6 Day &

Control e HCB  Control PCH HCB  Control PCH HCB  Control 291 Hen

TG (gl IR0 360 450 460 460 490 480 420 470 480 410 o0
+29 18 * M 2 14 * 45 =9 =+ * 3 * 6l + 38 T 4 LAl

IgA Gugldh) 140 no Hne 150 13 [Blig 1o e 1o 130 1o 120
+ 7 2 * 3 AR *8 2 4 L6 4 +2 7 .4 c 4

18M tmpidl) 400 340 ase 300 29 290 390 o 2% A0 280 20
* 19 ~ 7 + * 13 < 10 =13 + 37 * 1} + 28 .19 . 2 DTS

*Mice weee immunized with (.1 ce of 107 SRBC 2 weeks prior 1o being placed on dicts containing 167 ppm of PCIE or HOCB. After 6 weeks on the dactany
regimen. the mice received & secondary challenge of SRBC. Responses were evaluated on days 4, 6, 8 and 11,
*Datuate expressed us mean # standard ervor with levels of significance indicated as: by p < 0.05,¢)p < 0.0 d)p < 0.01:e)p - 0.002:OHp- 0.6 S0

R in all roups
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Control

Hody Wit

w) .

Relutive

Liver Wt % ¢

Reltive
Spleen Wi, % N

Relative
Thymus Wt, @ ‘

Retutive
Lung Wi % .

& i sl groups,

39
031

6,08
0N

0.559
0.0)

0.187
0.05

0.571
0.0}

0.154
0.0}

0.526
0.0§

TABLE 9

Viffect of PCH 1242 or HCB on Body and Organ Weights During the Sccondary Respunse
in Mice Primed with SRHC Prior to Dictury Administration of PCB or HCB*®

Day 6 Day §
HCB  Control B HCB Control PCR HCR  Contiol
0.4 Pt § 301 29.1 0.0 0.3 290 294
= 064 2071 + L0 2144 073 = 0.87 * 0.K7 06K
7465 5.54 6.31° 7.43 519 6.14" 7.58" 493
0 2012 = 0.27 +0.24 * 017 =012 <077+ 008
0.895  0.57% 0.453 0.680  0.560 0.500 0.559 0964
400 =+ 004 2002 :004 =004 004 002 - 00)
0.129 0.it0 0.136 0.149" 0125 0.137 IV 0143
2 001 00! =00 * 001 = Q.01 2 001 <00 2 00
0.505  0.646 0,695 0702 0.656 0.649 0.60% 0768
=000 2 0.0} * 0.07 = 0.06 =+ 0.06 * 0.08 2003 =002

*Mue were wnunized with 0.1 cc of 100%2 SRBC 2 weeks priof to being placed on diets containing 167 ppm of BCB o1 HOB. Afier 6 weeks on the dietagy
regimen, the puce received » secondury chullenge of SRBC, Responses were evaluated on days 4, 6, 8 and 11,
MDutiire expressed as meakt + standard ercor with levels of significance indicated as ) p < 0.08;c) p < 0.02:d)p < 0.00;e¥p - 0.002: Dp- O 0 Sto

Day 1t
PCR

UE)
C 0N

613
024

0.461
ER(XEN)

0
At

0.t
< 0.02
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TABLE 10
Election$ aptie Gay Chionatographic Analysis of Aracior 1242 and HCH in Tissucs of Mice Fed Dicts Comaining 167 ppm of PCR or HUWAY

Tissue Concentration (ug/g)

Lung Spleen Thymas

Day PCRY HCH HCB L&} HCB PCH HCB PCH Ht W
Group 204 4 0.84 120 56 7.0 269 22 47 71 AN
+ 003 *0 * 92 = 19 = 36 = 0.3} + 2R <1 T
5 1.0 9.1 RO 58 24} REH 82 48 LU0
=002 230 B A 2 0.9 <28, + D3R 2 6.2 Com - M
6 Lo 120 87 6.4 214" 30 1 7 [N
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spleen cells obtained from control versus PCB or HCB treated animals and since
foth the control group and experimental groups had the greatest PFC response on
day 3 following 11* challenge. either an alteration in the splenic Ab producing ccil
population and/or an impaired cell function may be suggested (Table 4).

No consistent significant alterations, as compared to control values, in serum
1gGh or [gM concentrations in the PCB or HCB treated mice, were demonstrated
during the 11" response to SRBC. However, a significant decrease (72 to 79% of
contro] values) in 1gA wis measured in HCB treated mice on days 3, S and 6 during
the secondary response peviod; day 4 IgA concentration was decreased but was not
watistically significant. 1gA levels in PCB treated mice were comparable to controls
Table $).

Hepmtomegaly, attributed 10 a centrilobular and pericentral hepatocyte hyper-
trophy, was i consistent finding in the PCB and HCR treated mice during the 11
response period. Control liver weights were unaliered. Significant splenomegaly
(21 to 41% of control values) was observed in HCB treated mice on days 4 and 5
following the 11 SRBC administration. However, this change was not reficcted in
the splenic germinal follicle number, size or cellular composition. Thymus and lung
weights and histology were unaltered from control tissue (Table 6).

To ascertain the influcnce of the environmental chemicals on memory celf func-
tion, one group of mice was immunized (1°) with SRBC 2 weeks prior to being placed
onthe dicts containing PCH 1242 or HCB. Six weeks following dietary administea-
tion of the chemicals, a 11" challenge of SRBC was administered. Control animals
minifested a direct splenic Ab response of 41 + 6 PFC/10% spleen cells, whereas
PCltreated mice had only 18 = S PFC/10% spleen celis and HCB animals had 13 = 2
PFC0° cells. Maximal response in all groups was achieved on day 8 following the
11*immunization. The yickl of spieen cells in the environmental chemical-treated
mice was unaltered from control values (Table 7). A consistent and significant
deerease of 20 1o 40 mp/d! from control 1gA concentration was demonstrated on
days 4, 6and § in mice receiving PCB or HCB. JgA values returned to normal by day
10, 1gGs and 1gM levels in the PCB and HCB treated animals were unaltered (rom
control levels (Table R).

A significant increase in liver weight in PCB and HCB treated mice (117 to 149%
of control values, respectively) was determined 1o be a result of hypertrophy of
centrilobular and pericentral hepatocytes. Thymus, liver, lung and spleen weights
and histopathology were unaltered from control tissues (Table 9),

Electron-capture gas chromatographic analysis of PCB 1242 and HCB in scrum
and fissues revealed: 1) an approximate steady state condition occurred by the 6
week period, i.e.. no significant increase in tissue chemical levels occurred between
dund R.S weeks in lung, thymus, spleen or serum; however, liver content of PCB
and OB did increase: 2) liver, spicen and thymus manifested an approximate 201
concentration of HCB/PCB while the lung HCB/PCB ratio was ~38:1; and 3)
maximal tissue uptake of PCR occurred equally in the thymus aad lung while the
principle tissue site of HCB localization was the lung. with the second largest
deposition being present in the thymas (Table 10).

DISCUSSION

Clinically subtoxic levels of PCB 1242 or HCB were profoundly immunosuppres-
sive when fed to mice for 6 weeks prior to and during the Ag challenge (Tables | and
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4). Both the 1° and 1]* splenic PEFC respoases to SRBC were impaired in the
environmentat chemical-treated mice. Animals immunized 2 weeks prior to being
placed on the diets containing cither the PCB or HCB and challenged with o 1Y
SRBC injection 6 weeks after the dietary administration of the chemicals man-
ifested a significantly depressed secondary response, suggesting either that Ab
memory cell function was impaired or that there was an alteration in cellular
couperation (Table 7). Peak Ab formation occurred on the same day in ¢xperimental
animals as in control mice. indicating that there was no delay in Ab formation, Aha.
since the total number of mononuclear spleen cells obtained from the PCB or HCB
treated mice was essentially the same as the number abtusned from controls, the
decreased PEC response in the treated mice may be due to an impaired cell function
andfor an alteration in the compuosition of the spleen cell populition, i.e.. achange in
the macrophage. T and B lymphocyte ratios. A PCB induced immunosuppression
was also noted by Koller and Thigpen (18}, who demonstrated a significant S0 1o
59% reduction in neutralizing Ab titers to pseudorabies virus in rabbits admini-
teved 300 myg of cither PCB 1221, 1242, or 1254 once a week for 14 weeks; PCB 1242
treated rabbits had the lowest Ab titers. Vos and van Dricl-Grootenhuis (27
previously observed a decrease in cellular immunity and humoral Ab formation in
guinci pigs exposed 10 4 60% solution of PCB 1260. Street and Sharma (23) did not
detect any change in hemolysin or hemagglutinin titers in rabbits fed 3.7 10 170 ppm
of PCB 1254 for 4 weeks, However, since Abtiters were measured only at 10 and 17
days post-1vinjection, it is possible a change in peak titers could have been missed.

An interaction between organochlorines and infectious diseases was determuny
by Friend and Traiaer (8), who demonstrated a significant {p < 0.01) increase, as
compared to control values, in mortality of ducklings fed 25. 50 or 100 ppm of
Aroclor 1254 for 10 days prior to i.p. inoculation of duck hepatitis virus. A 2 104X
increase in mortality rates aver control (duck hepatitis virus alone) mortality was
obscrved in the PCB plus virus group. There was no significant difference in
mortality among ducklings receiving the different concentrations of PCB 1254 pluy
virus. A 310 9X increase in mortality rates, over control (duck hepatitis virus alone)
vatues, was manifested in ducklings receiving p.p’-DDT or dicldrin and inoculated
with duck hepatitis virus. The suppressed host resistance to the duck hepatitis virus
may be associated with the suppressed iminune response demonstrated in the
present study and also observed by Vos and van Drick-Grootenhuis (27) and by
Koller und Thigpen (18).

The reduction in primary direct splenic PIFC formation, a measurcment primarily
of 1gM Ab producing cells (3. 201, was associated with a significant decrease in
scrum 1gM on days 6 and 7 following immunization in PCB and HCB treated mice.
teM concentration was reduced from control vailues by approximately 23% in HCB
treated mice, whereas the 1gM levels in PCB treated mice were reduced 69% and
165 on days 6 and 7. respectively. Scrum [gG was significantly reduced, 1% and
63%, from control values on duys S and 6, respectively, in PCB treated mice; o
slight, but significant decrease of 27% was obscrved on day S in the HCB treated
animals. The most consistent alteration in immunoglobulins was i decrease in
scl'um'lgA in the HCB treated animals during both the [ and " immunizabion
perinds. A mean decrease of 43% below control concentrations was measured on
days 410 7 in the HCB-treated animals during the 1 response and a mean decrease

of approximately 23% during both 11° responses, i.e., in animals which received the
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I*prior (o being placed on the diets and in animals which received the 1° while on
their respective dicts. Polychlorinated biphenyl-treated mice also manifested a
significant decrease in serum 1gA of approximately 35% during the I°response and a
slight, but significant, decrease of 16% below control values, in animals primed
prior to dictary administration of the PCB (Tables 2. 5 and 8). It is significant to note
that Shigematsu ef al. (22) reported that 1gG in the sera of 203 victims of the rice oil
poisoning incident (Yusho disease) was increased by 23.8%. whereas 1gM was
decreased by 18.6% and {gA by 28.5%.

Extensive histopathologic examination of the lung, thymus, mesenteric lymph
nodes and spleen did not revead any tissue alterations different from controls.
However. a sigmficant and consistent hepatomegaly, attributed to a centrilobular
and pericentral hepitocyte hypertrophy. was observed. This type of hepatic re-
sponsc is consistent with that seen following ex posure to organochlorines. Detailed
morphometric analysis of the spleens from PCB or HCB treated mice throughout
the experimental period did not indicate any aiteration from control values in the
germinal follicle numbers, size or cellular composition. In guinea pigs fed 10 or 50
ppm of PCB 1260 for 8 weeks Vos and De Roij (26) also noted an absence of any
histomorphologic changes in the spleen, thymus, cervical and mesenteric lymph
mdes, Similarly, Koller and Thigpen (18) did not detect any pathologic changes in
the spicen, thymus or lymph nodes in rabbits fed 300 mg of PCB 1221, PCB 1242 or
PCR 1254 by pavage once a week for 14 weeks. However, in rabbits fed PCB 1254 in
their diet at dosces ranging from 3.7 to 170 ppm for 4 weeks, Street and Sharma (23)
suggested that alterations in lymphoid organ histology were the most sensitive
indicators of immunosuppression, i.e.. treatment with PCB 1254 resulted in a
decreased count of plasma cells in the popliteal lymph nodes, reduction of splenic
genn inal centers and cortical atrophy of the thymus,
suic localization of the PCB 1242 and HCB in the liver, lung, spleen and thymus
is of 2-fokl impertance. First, the Jiver, lung and spleen contain the principle

populations of fixed tissue macrophages which have been suggested to act as
iniiators of the immune response (6, 7. 25) and to be essential in |hymocyuc
mitagenesis (19, 21); second, the thymus is a primary lymphoid organ in addition'1o
SRBC being a thymic or T dependent Ag. It is interesting to speculate that the
approximiste 20: 1 ratio in tissue concentration of HCB and PCB is correlative with
the increased immunasuppressive effects of HCB as compared to PCB. The ques-
tion remainy that. in the absence of histopathologic changes, excepting the hepato-
cyte hypertrophy. and with the demonstrated immunosuppression, is the tissué
concentration of PCB and HCB in lymphoid and reticuloendothelial organs induc-
ing a functional but not morphologic alteration and is the functional change a more
sensitive indicator of toxicity than a pathologic alteration?
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