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ABSTRACT

Primary tetanus antitoxin responses were increasingly repressed in

mice when y-radiation doses of 100 to 400 rads were delivered by whole-body

exposure prior to immunization with fluid tetanus toxoid (FIT). Primary

responses were about 3 times more radiosensitive than secondary responses

when both responses were elicited with FTT. The highly radiosensitive

nature of primary responses was not observed, however, when animals were

immunized with antigen-antibody complexes formed _in vitro with FTT and

specific mouse tetanus antitoxin. Radiation doses of the order needed to

repress secondary responses were required to inhibit primary responses to

complexed FTT formed in equivalence and/or antigen excess.

Nearly normal secondary antitoxin responses were obtained in mice

exposed to 600 rads of Y-"diation * days after secondary antigenic

stimulation with FTT. A rapid transition from radiosensitivity of the

antibody-forming system on days 1 to 3 was followed by relative radio-

resistance on day 4 after the booster injection of toxoid. Studies on

lymphoid cellular kinetics in popliteal lymph nodes after injection of
3 3

H-thymidine and incorporation of H-L-histidine into circulating antitoxin

were carried out. Analysis of tritium radioactivity in antigen-antibody

precipitates of sera 2 hours after injection of the labeled amino acid

revealed maximum incorporation into antibody around day 7 after the booster

in non-irradiated controls and about day 12, i.e., 8 days post-radiation,

in experimental mice. The shift from radiosensitivity to relative

radioresistance was attributed to a marked peak of plasmacellular

proliferation in the medulla of lymph nodes on day 3. Many medullary

plasma cells survived and continued to proliferate after exposure to

radiation. Germinal centers were destroyed by radiation within 1 day.

Since antibody formation continued after exposure to radiation and after

the loss of germinal centers, this supports the view that germinal center

cells were involved more in the generation of memory cells than in

antibody synthesis.
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INTRODUCTION

The radiosensitive nature of antibody responses has long been of

intense interest to immunologists and radiobiologists (see reviews ) .

Conclusive evidence has appeared concerning the importance of the temporal

relationship between exposure to ionizing radiation and antigenic

stimulation. In general, radiation delivered before the injection of an

antigen is more repressive of antibody formation than equal or higher

doses of radiation delivered several days after antigenic stimulation.

The following additional factors are germane to any evaluation of radiation-

induced repression of antibody responses: (1) species of animal, (2) dose

of antigen, (3) route of injection, and (4) form of the antigen (soluble,

adsorbed, particulate or soluble antigen complexed with specific antibody).

Primary antibody responses to most antigens are usually considered

to be singularly radiosensitive. Sublethal radiation doses as low as

50 to 300 rads increasingly repress or abolish primary responses. Secondary

antibody responses (anamnestic responses) appear to be 2 to 3 times more

radioresistant than primary responses , Secondary responses may be greatly

repressed and abolished when higher (sublethal) doses of radiation (600 to

800 rads) are delivered in close association with the time of injection of

the second (booster) dose of antigen. When radiation is given 4 to 5 days

after the booster injection of antigen, nearly normal secondary responses

are often obtained.

The present report is concerned with the form of antigen, radio-

sensitivity of primary and secondary tetanus antitoxin responses and the

transition from radiosensitivity on day 3 after a booster injection of

antigen to relative radioresistance on day 4 during secondary antitoxin

responses. Primary emphasis is given to: (1) the form of antigen used

to elicit primary and secondary responses in normal and irradiated mice,

and (2) the cellular bases for the observed rapid transition from radio-

sensitivity to radioresistance of the antitoxin-producing system in

regional lymph nodes. Studies were carried out on the cytokinetics of

lymphoid and plaataocytoid cells after injection of H-thymidine and on
3

incorporation of H-L-hintidine into circulating antitoxin.
The relative resistance of the antibody-forming system when radiation
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(600 rads) was given on day 4 after the booster, as opposed to day 3,

was attributed to a marked peak of plasmacellular proliferation in medullary

cords on day 3. Many medullary plasma cells survived and continued to

proliferate after exposure to radiation. In contrast, germinal centers,

which usually attain their full development in normal animals 5 to 6 days

after the booster, were completely destroyed by radiation within 1 day.

Since antibody formation continued after irradiation and after the loss

of germinal centers, the present results indicate that germinal center

cells were involved more in the generation of memory cells than in

antibody synthesis.



MATERIALS AND METHODS

Animals. Adult female Swiss albino mice (Hale-Stoner) strain were used in

these experiments. All animals were raised in the Brookhaven colony and

weaned when 4 weeks of age. Breeders and weanlings were maintained on

HC1 acidified drinking water, pH 2.5, to prevent carrier infections with

Pseudomonas aeruginosa. The animals were 10 to 12 weeks of age at the time

of primary immunization.

Antigens and complexed antigens. Fluid tetanus toxoid (FTT) and aluminum

phosphate-adsorbed tetanus toxoid (APTT) were obtained from Lederle

Laboratories, Pearl River, New York. Isologous mouse tetanus antitoxin

was obtained from our mice after a subcutaneous injection of 0.05 ml APTT

followed by a second intra-abdominal injection of 0.1 ml FTT. Ten days

later, the animals were killed under deep ether anesthesia and bled from

the heart. Pooled serum was collected and stored at -20°C. Specific

mouse gamma globulin (M\G) for tetanus toxin and/or tetanus toxoid was

twice precipitated with 1/3 saturated ammonium sulfate solution at pH 7.8

from the pooled mouse antitoxin. The MyG WAS dissolved in 0.85% saline

and stored at -20°C until used later in complex with FTT. The M"yG

preparation contained 14.1 International Units (I.U.) of antitoxin per ml

and neutralized 5.6 x 10 MLD of potent toxin per ml.

The protein content of the FTT was 17.4 tig/ml based upon determinations

with the methods of Lowry . Precipitation reactions were done in triplicate

with FTT and MvG to determine the ratios of antigen and specific

needed to prepare complexes for immunization in antigen excess (AGEX),

equivalence (EQ) and antibody excess (ABEX). The various complexes were

prepared ijn vitro, stored overnight at 4°C and injected the next day. The

amount of FTT in complex was held constant and represented the amount

given as FTT alone. The amounts of specific My3 were varied to prepare

the various ratios of complexed FTT.

Serology and titration of antitoxin. In most experiments, mice were bled

as groups from the caudal artery (0.2 ml), and the pooled sera titrated

as a single specimen. All samples were titrated several times with the

Ehrlich method (neutralization of potent tetanus toxin). The toxin
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contained 2 x 10 mouse MLD/ml. The combining capacity of the toxin was

tested against a standard preparation obtained from the National Institutes

of Health; 1,000 MLO of toxin was neutralised by 0.025 I.U. of tetanus

antitoxin. Minimal paralysis after 4 days was used as the end-point in

titration mice. A detailed description of titration procedures is given

in a previous report .

Radiation. Mice were given whole-body gamma radiation from a Cobalt

source at a dose rate cf 13.5 R per minute. The dose was determined with

a Victoreen condenser R-meter and a Cobalt-type ionization chamber with

250 R full-scale deflection. Roentgens were converted to rads in tissue

by the factor 0.96M A more complete description of the radiation facility

and dosimetry may be found in an earlier report .

H-L-histidine and analysis of tritium activity. Two hours prior to killing,

264 mice received a single intravenous injection of 50 nCi of H-L-histidine

(Schwarz Bio-Research, Ir.c.). The specific activity was 5.15 Ci/mM, the

material was diluted in buffered 0.85% saline (pH 7.1) and contained

250 yCi/ml. The amount of tritium incorporated Iji vivo into antitoxin

was determined for each of the serum samples. Precipitin curves were

carried out for the various sera to obtain the equivalence zone with FTT

or 5X concentrated FTT. The antitoxin in 0.1 ml samples of a 1:5 saline

dilution of sera or 0.1 ml of undiluted sera was precipitated in the

region of slight antigen excess for tritium analysis. After centrifugation,

supernatants were tested for the presence of free antigen and for the absence

of antibody. The antigen-antibody precipitates were washed 3 times in

5 ml of cold 0.9% saline and transferred in 1 ml to glass counting vials.

The precipitates were solubilized by the addition of 2 ml of Bio-Solv,

formula BBS-3 (Beckman, Fullerton, California) with vigorous shaking for

1 min. Ten ml of the scintillation counting solution were added with

vigorous shaking for 1 min. The scintillation cocktail was composed of

6 g 2,5-phenyloxazole (PPO) and 0.2 g l>4-bis-(2-5 phenyloxyzolyl)-benzene

(POPOP) per liter of toluene (analytical reagent). The samples were counted

for 10 min in a Beckman Model LS-233 Liquid Scintillation System. The

counting efficiency was 34.9%. The background counts ranged from 25 to

36. The 2 G"statistical counting error (95% confidence level error) was

± 3.1%.
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3
Labeling with H-thymidine and autoradiographic procedures. Thirty minutes

before killing, 96 mice received a single intravenous injection of
3

1 (i£i/g body weight of H-thymidine (Schvar? Bio-Research, Inc., Orangeburg,

New York). The specific activity was 1.9 Ci/mM, the material was diluted

in buffered 0.85% saline (pH 7.5) and contained 100 pCi/ml. popliteal

lymph nodes were removed from both sides, fixed in Bouins solution for

1 day and then in 70% ethanol. The nodes were waighed, embedded in

paraffin and processed for autoradiography. Quantitative analysis of

labeled and unlabeled cells was carried out with both smear and histologic

autographs. Sections were stained through the film with nuclear fast red

or Giemsa solution. Histologic preparations were exposed for a period

of 27 days; only cells covered by more than 4 grains were considered as

labeled. Two hundred test points in eight randomly selected fields were

counted in both the cortex (including the deep cortex or paracortex), and

the medulla of each lymph node. Statistical analysis was based on either

the t-test or on sequential analysis. Differences between means were

considered to be significant with p-values equal to or less than 0.05.



RESULTS

Effect of form of antigen on radiosensitivity of primary antitoxin

responses. The experiment shown in Figure 1 compares the relative

antigenicity of fluid toxoid (FTT) and adsorbed toxoid (APTT) in normal

and irradiated mice when 30Q rads were delivered 24 hours before primary

immunization. Sixteen groups of mice (with 25 in each group) were

used in the experiment. Pooled sera samples were obtained 10, 20, 30

and 40 days after irradiation. Antibody titers are expressed as the number

of minimum lethal doses of toxin (HLD) neutralized per cm of serum.

The primary response to FTT was greatly repressed after exposure to 300

rads. Primary responses to APTT were merely delayed about 10 days and

later only minimally repressed from the values obtained in non-irradiated

mice. In related experiments, sub-lethal doses of 500 rads completely

abolished primary responses to FTT, whereas similar radiation doses

greatly suppressed and delayed responses to APTT. It is evident that

immunization with the adsorbed antigen provides a long-lasting depot

of antigen, and, when the animals recover from radiation injury, they

are able to give minimal primary antitoxin responses. In most instances,

these previously irradiated animals respond quite well to a booster

injection of FTT 3 to 4 weeks after exposure to radiation.

Comparative radiosensitivity of primary and secondary antitoxin responses.

The experiment shown in Figure 2 compares the relative radio-

sensitivity of primary and secondary antibody responses to FTT after

exposure to graded doses (50 to 500 rads) of v-radiation. Fifteen groups

of mice (25 per group) were used in this experiment. The animals used

for secondary responses were given « primary imnunization with APTT at

4 weeks of age. All mice were 12 weeks of age when primary and/or secondary

responses were elicited with 0.2 ml FTT 24 hours after delivery of the

various radiation doses. The results are given ma per cent repression

of the responses obtained in normal animals. It is apparent that primary

antitoxin responses are about 3X more radiosensitive than secondary

responses when FTT was used to elicit both responses.

Inmunogenicity of antigen-antibody complexes. Complexes of antigen and

antibody were prepared io vitro for primary immunization of five groups of



mice (25 per group). The amount of FTT (1.7 *ig) '-as held constant in

the complexes prepared in AGEX, EQ and ABEX. The same amount of toxoid

was injected as FTT (antigen) only. The amount of specific antibody

(MyG) was varied to establish the various ratios of antigen-antibody

used for immunization. Sera were obtained 10, 20 and 30 days later for

tittration. The primary tetanus antitoxin responses elicited by the

various antigen preparations are shown in Figure 3. The response to FTT

only was minimal at day 20, while the response to FTT in AGEX was excellent

at day 20. Although the response to the complex formed at EQ was less

at day 20, the mice produced excellent antitoxin responses by day 30.

When FTT was given in ABEX, the mice failed to produce antibody until

days 20 to 30. The antitoxin detected before this period represents

excess passive antibody given in the complex formed in ABEX. The antitoxin

disappearance curve for animals injected with MYG only supports this

observation. These results demonstrate the enhancing effect of immunization

with complexes of FTT formed at EQ or in AGEX.

Temporal effect of the booster injection of FTT in normal and irradiated mice.

Complexes were prepared JJB vitro at EQ with specific mouse anti-

toxin and FTT. Each animal received either a primary subcutaneous

injection of 1.7 ng FTT in EQ or the same amount of FTT only. The 22

groups consisted of 16 mice per group. Eleven groups received 400 rads

of whole-body v-radiation one hour before they and non-irradiated control

groups were given a subcutaneous booster Injection of 0.17 |ig of FTT.

As illustrated in Figure 4, the booster doses of FTT were given either

3, 6, 9, 12 or 15 days after primary immunization. Sera were obtained

7 days after respective booster injections of FTT. Both irradiated and

control groups exhibited early and high antitoxin responses when booster

injections were given as early as 3 days after primary inmnization with

coaplexed toxoid (EQ). It is obvious that primary immunization with a

complex of FTT and isologous specific antitoxin renders normal and

irradiated mice capable of responding to an early booster injection of the

specific antigen (FTT) used in the complex. In contrast, responses to the
j

sane amount of FTT only were slow and low. The use of conplexed antigen t
for primary inaunization has obviously speeded up the process of senslti- j

j
zation for subsequent early and high anaanestic responses. j
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Radiosensitivity of antibody responses elicited with complexes and/or

antigen only. This experiment was designed to compare the relative

radiosensitivity of primary and secondary antitoxin responses to complexed

FTT and FTT only. Graded doses of v-radiation (100 to 800 rads) were

delivered 24 hours prior to subcutaneous injection of either primary or

booster doses of the antigen. Eighteen groups (25 mice per group) were

immunized either with FTT only or with FTT in complex at EQ with mouse

antitoxin. All mice were 12 weeks of age; the mice used for secondary

responses ware given a primary immunization when 4 weeks of age with APTT.

The results shown in Figure 5 again illustrate the highly radio-

sensitive nature of primary responses and the radioresistant qualities

of secondary responses when both are elicited with (FTT) antigen only.

However, about 4 times as much radiation was needed to repress primary

responses to the complexed toxoid as vas needed for FTT only. Thus,

radiation doses of the order needed to repress secondary responses were

required to repress primary responses to FTT given in complex at EQ.

It should be emphasized that Injection of FTT only to pre-immunized

animals almost necessarily means that in vivo complexing must occur when

secondary responses are elicited. Injection of complexes formed at EQ

into pre-immunized animals with circulating antibody specific for the

antigen in complex may result in a shift from the ratio formed in EQ

to a ratio of antibody excess. These results indicate that previously

observed differences in radiosensitivity of primary and secondary antibody

responses may be obviated when the same amount of antigen is administered

in complex with specific antibody. It is thus likely that previous observed

differences in radiosensitivity of antibody responses may be accounted for

through ̂ n vivo complexing with the booster dose of antigen.

Temporal effect of radiation given after the booster injection of toxoid.

The results of a secondary antibody response experiment are

illustrated in Figure 6. Each point on the curve represents a group of

35 mice. All animals were given a primary immunization with 0.05 ml APTT

when 4 weeks of age. Two months later, whoAe-body radiation doses of

800 rads were given either six hours before or from 1 to 7 days after

booster injections of FTT. Pooled sera were obtained ten days after the

second stimulus with FTT. Secondary responses were greatly repressed

when radiation was delivered 6 hours before and 1, 2 and 3 days after the
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booster dose of FTT. A rapid transition from radiosensitivity to radio-

resistance occurred between days 3 and 4 when radiation was delivered

after elicitation of secondary responses.

Incorporation of tritium activity into antibody and cellular kinetics.

This experiment was designed to study the transition from radio-
sensitivity of the antibody-forming system on day 3 to relative radio-
resistance on day 4. Studies were carried out on the incorporation of
3
H-L-histidine into circulating antitoxin of normal and irradiated mice

(600 rads) during secondary antibody responses. This dose of whole-body

radiation did not appreciably alter antitoxin titers. The responses were

comparable to those shown in Figure 6 when mice were given 800 rads on

day 4 after the booster injection of tetanus toxoid. Normal and irradiated
3

mice gave similar antibody responses after injection with H-thymidine.

The tritium activity in antigen-antibody precipitates of pooled 3era
3

(16 mice per point) is plotted in Figure 7. H-L-histidine was injected

intravenously 2 hours before sera were collected. The curves are

hand-drawn best fits and demonstrate the following; (a) maximum incorporation

of labeled amino acid into serum antitoxin in normal controls occurred

7 days after the booster injection of toxoid, and (b) maximum incorporation

of tritium activity occurred on day 12 in irradiated animals. It should

be considered that a portion of the activity may represent labeled

complement bound to the antigen-antibody precipitates. No attempt was

made to determine the amounts of labeled complement proteins precipitated

from the sera in slight antigen excess.

The mean weights of popliteal lymph nodes are shown in Figure 8

as a function of time 4 to 10 days after the booster dose of FTT. The

differences were not significant during the first 4 days after irradiation.

On day 5, the values were lower and on day 6, higher (p < 0.05) than in

control mice. Test point analysis revealed interstitial edema and :

expansion of the medullary areas of lymph nodes from irradiated mice. :

In a separate experiment. 96 mice were given a single intravenous :
3 ;

injection of 1 nCi/g body weight of H-thymidine 30 minutes before serum :

and lymph nodes were collected. The specimens were obtained 30 min, 1, j

2, 4, 8, 16 hours and 1, 2, 3, 4, 5, and 6 days after irradiation — i.e., j

4 to 10 days after secondary antigenic stimulation. The mean and !

individual numbers (upper panel) and total relative areas (lower panel) of .
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germinal centers per lymph node cross section are shown in Figure 9. The

data show a sharp disappearance of germinal centers within 1 day when

radiation was delivered 4 days after the booster of FTT. Regeneration

of a few small germinal centers began about 3 days after radiation.

Both the numbers and sizes of these structures remained significantly

(p < 0.05) below control values during the period of observation.

The results of test point analyses on lymphoid cells in the cortex

and plasmocytoid cells in the medulla are plotted in Figure 10 as a function

of time between 4 and 10 days after the booster of FTT. The curves

demonstrate the massive loss of cortical lymphocytes within 1 day after

radiation, whereas the fractions of plasmacellular constituents in the

medulla were not appreciably different from control animals. At some

time intervals during the first day after radiation, the density of

plasmacelJ.ular infiltrates in the medulla was higher than in control nodes.

Moreover, the outer cortical zones, including primary follicles, showed

higher degrees of radiation-induced depletion of lymphocytes than the

deep cortical (paracortical) areas. During regeneration, the latter areas

were the first to show increasing numbers of lymphocytes.

The pyknotic indices in the cortex (upper panel) and medulla (lower

panel) are illustrated in Figure 11. These curves demonstrate the marked

destruction of cortical lysnphoid cells as opposed to a minimal loss in the

medullary region. The nuclear debris was largely removed within 2 days

after radiation.
3

The labeling indices 30 minutes after i.v. injection of H-thymidine

are shown in Figure 12 for lymphoid cells in the cortex (upper panel) and

plasmocytoid cells in the medulla (lower panel). At the 30 minute interval,

the fraction of medullary plasmocytoid cells incorporating the labeled

precursor was significantly (p < 0.05) higher in irradiated than in control

mice. However, from 1 hour to 2 days after radiation, labeling indices

in the med'J'a remained below control values. The labeling indices in

cortical lymphoid cells of irradiated animals were reduced up to day 1

and then rose to peak values on day 4 after radiation. The mean labeling

intensity per labeled medullary plasma cell was similar in both normal

and irradiated mice except for day 5 after the booster when irradiated

mice exhibited lower mean grain counts than normal controls.
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DISCUSSION

The present series of experiments provides substantive evidence

for the following general conclusions: (a) primary antitoxin responses

elicited with fluid tetanus toxoid are singularly radiosensitive;

(b) primary responses to adsorbed toxoid are repressed only initially

(the depot of antigen continues to provide antigenic stimulation after

recovery from radiation injury); (c) secondary responses are about

3 times more radioresistant than primary responses when both responses

are elicited with fluid toxoid; (d) enhanced primary responses may be

obtained in both normal and irradiated mice to toxoid in complex with

specific antitoxin; (e) radiation doses of the order needed to repress

secondary responses are required to inhibit primary responses to complexes

of antigen and antibody, and (f) the radiosensitivity of secondary

responses when doses of 600 rads are delivered either shortly before or

1 to 3 days after the booster injection of toxoid shifts abruptly to

relative radioresistance on day 4 after the booster.

The present findings are in general agreement with reports from

other laboratories ' * • . Although minor discrepancies do exist in '

many reports, the differences are not of major importance when one

considers that studies were done with different antigens (in soluble

and particulate form), different species of laboratory animals, different

doses of antigen, different radiation doses and radiation dose rates,

An excellent discussion of these factors may be found in a review by

Simic and Sljivic11.
12 131

Studies by Dixon £t aj.. with I-labeled bovine Y-globulin as

an antigen and Taliaferro et al. with sheep red cells as antigen have

dealt with a limited radiosensitive phase (adaption phase) when x-radiation

was delivered before antigenic stimulation. A radioresistant phase was

observed when radiation was given after the injection of the antigens. ;

14 =

Makinodan e£ a_l. studied the influence of time of x-radiation (710 R) •

on sheep red cell agglutinin responses in F1 hybrid mice. Although j

qualitative differences between primary and secondary responses were not i

obtained, the following quantitative differences were observed: (a) primary |

responders were more radiosensitive than secondary responders; (b) maximum |

repression of secondary responses occurred when antigen was given a few

hours after radiation; (c) secondary responses were not repressed when



radiation was given 3 days after the booster, whereas primary responses

were greatly repressed under similar conditions, and (d) the effect of

exposure to 710 R was not evident in secondary responders after two weeks.

However, primary responses were repressed when elicited 7 weeks post-

radiation.

Enhanced primary antitoxin responses to complexed toxoid are shown

in Figure 3. In general, complexes formed in antigen excess were more

effective than those formed in equivalence in eliciting early and enhanced

antibody formation. The antigenic threshold dose of complexed antigen

needed for primary sensitization was much less in normal and irradiated

mice than antigen alone . The results shown in Figure 4 demonstrate

the efficacy of primary immunization with complexed toxoid to obtain early

and high titers of antitoxin in both normal and irradiated mice. The

results shown in Figure 4 indicate that 3 to 4 times as much total radiation

was required to repress primary responses to the complexed toxoid as

compared with the same dose of FTT only. The previously observed differences

in radiosensitivity of primary and secondary antibody responses were largely

removed when coir.plexed toxoid was used to elicit primary responses. The

possibility should be considered that previous reports concerning radio-

sensitive differences between primary and secondary responses may be

accounted for through in vivo complexing when pre-immunized animals

receive booster injections of specific antigen. Enhanced antitoxin

responses have been observed in mice after Ĵ n vivo complexing accomplished

by injecting toxoid on one side and specific antibody on the other side .

It is reasonable to as-;vwe that in vivo complexing may always occur when

booster injections of any specific antigen are administered.

The present results and earlier studies ' failed to reveal

enhancement of antitoxin responses by radiation when secondary responses

were elicited with fluid toxoid. It was observed that a dose of 800 rads

had little effect'on secondary responses when radiation was delivered

after the booster injection of toxoid . In the same study, tritium

activity appeared in antitoxin produced by Irradiated mice (600 rads) when

H-L-histidine was injected on days 4 to 7 after the second injection of

tetanur toxoid. These findings indicated that the antibody produced

during secondary responses in irradiated and control mice was not pre-

formed during the induct OR ph«^e and released 4 or 5 days later. Apparently,

antibody-producing cells or their precursors proliferated in response to
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the booster dose of toxoid and survived long enough after irradiation

to produce nearly normal secondary antitoxin responses.

Cottier and Jost studied mice immunized with bovine serum

albumin or tetanus toxoid and demonstrated, after In vivo labeling with
3 3 ~~ ""—"""

H-cytidine and H-thvmidine, that most of the lymphatic tissues of

immunized animals have more small lymphocytes synthesizing RNA than in

non-immunized mice. The relative radioresistance of a lymphatic tissue

paralleled its content in small lymphocytes synthesizing R1JV and also

paralleled its content in small lymphocytes that formed a greater cyto-

plasmic mass and more granular endoplasmic reticulum. A greater percentage
3

of H-cytidine-labeled small lymphocytes survived than non-labeled cells

when tested 3 hours after a radiation dose of 200 rads. Plasma cells

and their immediate precursors survive even higher doses of radiation;

these cells may be found morphologically intact in appreciable numbers

after exposure to 950 rads. Experiments combining autoradiography and

immunofluorescence have shown that most plasma cells containing specific

antibody after secondary antigenic stimulation originated from precursor
19

cells which had entered DNA synthesis and presumably mitosis .
20

A previous study in primed mice revealed maximum overall

proliferative activity in lymph nodes regional to the site of the booster

injection of toxoid on days 5 and 6 after antigenic stimulation.- This

observation makes it difficult to account for the present results in

which the transition from radiosensitivity on day 3 to relative radio-

resistance after the booster coincides with a period of increasing or

even peak overall cell proliferation. A plausible explanation became

evident in that the proliferative activity of plasmacellular precursors

in the medulla reached a sharp peak 3 days after the booster and declined

to control levels by day 5, i.e., when germinal center development

attained maximum levels. It was concluded that the overall DNA synthetic

activity in lymph nodes was composed of at least two topically and

temporally proliferative responses, and that the marked germinal center

growth overshadowed the plasmocytopoietic wave in the medulla. Many I

medullary plasma cells survived and continued to proliferate after exposure i

to radiation. Our interpretation of these findings is that once the f

medullary proliferative wave climaxed 3 days after the booster, whole-body j

radiation did not markedly interfere with continuing antibody formation. j
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LEGENDS FOR FIGURES

Fig. 1. Comparative repression of 300 rads of Cobalt yradiation

on primary antibody responses elicited with fluid tetanus

(FXT) and adsorbed toxoid (APTT).

Fig. 2. Radiosensitivity of primary and secondary tetanus antitoxin

responses to graded doses of radiation. Both responses

were elicited with fluid toxoid 1 day after radiation.

Fig. 3. Primary tetanus antitoxin responses in mice immunized with

antigen-antibody complexes of toxoid (FTT) formed either

in antigen excess (AGEX), equivalence (EQ) or antibody

excess (A3EX) with specific mouse Y-globulin (MVG). The

amount of FTT in complex represents the same amour', given as

antigen only.

Fig. 4. Early and enhanced antitoxin responses in normal and irradiated

mice sensitized with complexes of mouse antitoxin and tetanus

toxoid formed at EQ. Booster injections of toxoid 'ere

given at intervals of 3 days after primary imnunization.

Fig. 5. Radiosensitivity cf primary and secondary antitoxin responses

elicited with either antigen only (fluid toxoid) or toxoid in

complex at equivalence with isologous specific mouse antitoxin.

Graded doses of -y-radiation were delivered 1 day before

antigenic stimulation.

Fig. 6. The effect of time of exposure to radiation after secondary

antigenic stimulation on the secondary antibody response.

Fig. 7. Tricium radioactivity in antigen-antibody precipitates from

sera obtained through a peciod of 40 days. Each point

represents a group of 16 mice. H-

2 hours before bleeding for serum.

represents a group of 16 mice. H-L-histidine was injected i.v.
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Fig. 8. Mean weight (± S.D.M.) of popliteal nodes of irradiated and

control mice as a function of time. Each point represents

a sample size composed of 16 popliteal nodes.

Fig. 9. Number of germinal centers and their relative area (cross

section) per popliteal lymph node after antigenic stimulation

and irradiation (mean • double circle; individual * single

circle).

Fig. 10. Mean numbers (± S.D.M.) of cortical Jymphoid cella and

medullary plasmocytoid cells as a function of time after

regional booster injection of tetanus toxoid.

Fig. 11. Mean numbers (± S.D.M.) of pyknotic nuclei or nuclear

fragments in the cortex and medulla of popliteal lymph

nodes.

Fig. 12. Mean (± S.D.M.) labeling indices of cortical lymphoid cells

and medullary plasmocytoid cells in popliteal lymph nodes,

H-thymidine was injected 30 minutes before tissues were

obtained.

Editor please note;

Figures 7-12 are from our original paper entitled,

"Cellular Bases for Relative Rudioresistance of the Antibody-

Forming System at Advanced Stages of the Secondary Response

to Tetanus Toxoid in Mice", which appeared in the Journal of

Immunology, Vol. 112, No. 6, pp. 2154-2165, 1974.

Permission has been granted by the copyright owner (The

Williams and Wilkins Co., Baltimore) to use this material as

of July 31, 1974.
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