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Experimental Eosinophilia X. Relation of Antigen-Antibody Complex Size 
r and Protein Molecular Weight to Cell Responses."t (31916) 

SHELDON G. COHEN AND THERESA M. SAPP 
Department of Biology, Wilkes Col!age, T/17iZkes-Burre, Pa. 

Mechanisms to explain the development of 
eosinophilia associated with hypersensitivity 
states and tissue reactions to foreign proteins 
are incompletely understood. In previous re- 
ports we suggested a relationship between the 
appearance of eosinophil leukocyte infiltrates 
and the state of molecular aggregation of in- 
jected serum proteins( 1,2). This in turn may 
relate to the phagocytic functions of eosino- 
phils for products of antigen-antibody union 
(3,4). Serum gamma globulins when com- 
plexed either by reaction with specific antigen 
or by non-specific bonding through physico- 
chemical forces evoked eosinophil cell respon- 
ses in varying degrees. In the present study 
we report the eosinotactic effects of specific 
proteins and their corresponding antigen-anti- 
body complexes. This spectrum of experi- 
mental agents was selected for differences in 
physicochemical character represented by 
molecular weights and sizes of gamma globu- 
lin aggregates. 

Materials and methods. Procedures for ef- 
fecting lymph node models of eosinophilia 
have been previously described ( 1,s).  Guinea 
pigs weighing 375 to 500 g were given 5 mg 
of: (1) one purified protein, and ( 2 )  cor- 
responding soluble antigen-antibody com- 
plexes; each in 0.3 ml volume of 0.15 M 
saline intracutaneously into oppusite hind 
foot pads. The specific proteins and antigen- 
antitbody systems employed are given in Table 
I. Antibody components of sera taken from 
rabbits immunized with the specific protein in 
Freund's complete adjuvant were of predomi- 
nantly 7s character. Soluble antigen-antibody 
complexes (An:Ab) were prepared from 
precipitates formed in vitro in the equivalence 
zone (Table I) and subsequently dissolved 
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through addition of the antigen in quantities 
of 3 times excess. 

A second experiment of similar design dif- 
fered only in that the dosages of selected 
proteins and their corresponding soluble 
An:Ab complexes were given in equimolar 
concentrations based upon that of 5 mg for 
the hemocyanin system (Table 111). 

Prior to the administration of foreign 
species protein blood samples were taken and 
sera studied to rule out the possible .presence 
of corresponding or cross-reactive preformed 
circulating serum antibody. Popliteal lymph 
nodes were removed 6 hours after injections 
and prepared for histologic study by methods 
of formalin fixation and staining with herna- 
toxylin and eosin. Eosinophil leukocyte infil- 
trations were identified within multiple sec- 
tions taken from each node and cells quan- 
titated per unit area by means of the fol- 
lowing determinations : 

(1) Total number of cells within the entire 
surface in a single uniform plane of the sec- 
tion ( t ) .  

( 2 )  Number of cross fields (transverse 
trips) required to cover the entire section at  
X 470 magnification (n) .  

(3) The width (w) and length (1) of each 
section. 
Variations found in widths and lengths re- 
quired elimination of size bias. A figure con- 
sidered directly proportional to the node 

area was obtained by the calculation 7. ,. 
t +  
- n2 

1 
$ The mean width (w) and length (1) of a sec- 

tion may be defined as  w = E b and  1 = n b, where 
b is the width of the field, EI the  number of vertical 
trips, and 11 the number of cross t r ips  required i o  
cover the entire section. The  total  area of the see- 
tioii (AT) i s  then approximately AT = n fEI b2 = 

t b 2  t 
The unbiased parameter t' = - = - 11' b' . 11' 

- 
1 

is thus p r o p o r t i o l d  to the count per  uni t  area (de- 
tails given i n  reference No. 5 ) .  
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TABLE I. Purified Protein6 of Varying Molecular Weights and Molecular Compositions of 
Specific Precipitates from Corresponding Rabbit Antisera Utilized in Preparation of Soluble 

Antigen (An) : Antibody (Ab) Complexes. 

Molecular ratio, Ab to An 
Protein (An) Molecular wt (equivalence zone) 

Bovine ribonuclease (BRN) * 13,000 1.5 
” serum albumin (BSA) t 69,000 4 
” gamma globulin (BGG) t 160,000 4.5 

Horse spleen ferritin (HSF) * 465,000 7 
Bovine thyroglobulin (BTG) * 700,000 7 

Tobacco mosaic virus (TMV) $ 40,700,000 90 
Heniocyanin (HCN) $ 6,300,000 70 

Sources : 
* Nutritional Biochemicals, Cleveland, Ohio. 
t Armour Laboratories, Kankakee, Ill. 
$ Prepared from blood of Homarus americanus. 
$ Supplied through the courtesy of Dr. C. A. Knight, Virus Research Laboratory, Univ. Of 

Calif ornia, Berkeley, and Dr. Milton P. Gordon, Dept. of Biochemistry, Univ. of Washington, 
Seattle. 

Results. The pattern of eosinophil leukocyte 
infiltrations seen within cortical and medul- 
lary sinuses of affected lymph nodes was 
identical to that described for a prototype 
model ( 1).  Findings in those series of guinea 
pigs treated with equal weight dosages are 
summarized in Table I1 and for those with 
equimolar concentrations in Table 111. 

Discussion. Eosinotactic influences similar 
to that of BGG system(1) demonstrated by 
other purified foreign proteins and antigen- 
antibody complexes are reported in this study. 
Investigation has !been limited to immune ag- 
gregates standardized at moderate (3 times) 
antigen excesses in view of anaphylactic ( 6) ,  
skin reactive( 7 ) ,  and cellular inflammatory 
(1,2) effects established folr complexes pre- 
pared in these regions. Interaction between 
antibo’dy globulin molecules has been identi- 
fied as the respnsilble factor for induction of 
such biologic properties (8) . Differences in 
molecular weights and in numbers of antigen 
combining sites of rabbit antibodies therefore 
were utilized in preparing a spectrum of 
gamma globulin complexes of varying size and 
character (Table I) .  

The prompt appearance of eosinophils 
after initial administration of a folreign pro- 
tein has been attributed to the presenting 
state of molecular aggregation ( 1,2). Such 
chemical alterations may develop spontane- 
ously in in vitro solution(8) or even sub- 
sequent to in vivo administration (9).  There 
are, however, limitations to the extent of 

TABLE 11. Sampling of Eosinophil Cell Responses 
Within Sections of Popliteal Lymph Nodes Re- 
gional to Foot Pad Sites of Subcutaneouis Injec- 
tions of 5 mg of:  (a) Foreign Proteins, and 
(b) Corresponding Soluble Antigen-Antibody Com- 
plexes (An:Ab) 6 Hours After Their Administra- 

tion. * 

Eosinophil index in  lymph node 
sections 

Foot pad treatment: An:Ab 
Series Protein 

No. (An) An An:Ab An 

1. BRN 35.4 & 22 72.8 -t 26.9 2.5 
2. BSA 9.4 & 14.7 32.4 & 40.5 3.4 
3. BGG 17.7 & 8.6 46 & 30.3 2.3 
4. H S F  7 2 9.6 39.4 f. 29.6 5.7 
5 .  BTG 2.6 -t 3 5.5 & 4.6 2.3 
6. HCN 12.1 -+ 11.6 19 & 14.1 2 
7. TMV 12.9 9.1 14.8 -t 10 1.7 

Eosinophil index in unmanipulated guinea pigs : 
.2 & .1 (references 1,5). 

Analysis of variance (F tests) indicates signifi- 
cant differences (p <.01) among series within: 
(a) the protein group, and (b) the An:Ab group. 

Multiple range tests indicate significant differ- 
ences (p  <.05): (a) Protein group-Series No. 1 
differs from others. (b) An:Ab group: 

Series No. 1 differs from No. 2, 5, 6, 7 
” No. 2 ” ” No. 5, 6, 7 
” No. 3 ” ” No. 6, 7 

* Groups of 6 identically treated guinea pigs ; 
An and An:Ab given into opposite hind foot pads. 

t t-total number of cells; w-width, and 1- 
length of each section; n-number of cross fields 
required for coverage of entire cross sectional area 
of a lymph node. (Crose field-area covered by one 
cross trip a t  X 470 microscopic study.) 

$ Protein (An) and soluble An:Ab complex (in 
antigen excess a t  3 x  equivalence ratio) given in 
opposite sides. 
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TABLE 111. Sampling of Eosinophil Cell Responses Within Sections of Popliteal Lymph Nodes 
Regional to Foot Pad  Sites of Subcutaneous Injections of: (1) Equimolar Concentrations of 
Foreign Proteins (An), and (2) Equivalent Concentrations of Corresponding Soluble Antigen- 

Antibody Complexes (An : Ab) 6 Hours After Their Administration.* 

Eosinophil index in lymph node sections 
t - t (mean +_ S.D.) 
- n2 W 

1 
Dosages (mg) Foot pad treatment An:Ab 

Mol. ratio 
Protein An An:AbS A b t o A n  An An : Ab An 

BRN .01 .05 .38 15.1 2 17.2 28.2 2 31.7 1.87 
BSA .05 .12 1 22.3 k 8.5 40 & 23.6 1.61 
BGG .12 .18 1.12 33.6 2 35.7 60.4 k 56.5 1.8 
H S F  .35 1.91 1.75 21.8 2 26.1 52.1 +- 35.9 2.39 
HCN 5 5 17.5 56.7 2 28 81.9 47.9 1.34 

Eosinophil index in unmanipulated guinea pigs: .2 +_ .1 (references 1,5). 
Analysis of variance (at  95% level of confidence) : F tests: no significant differences within 

An and An : Ab groups. Multiple range tests : An groups-no differences ; An : Ab groups-dif - 
ferences only in  HCN from RNA and BSA. 

* Group  of 6 identically treated guinea pigs; An and An:Ab given into opposite hind foot 
pads. 

t See legend given in  Table I1 for explanation of formula. 
$ Soluble antigen-antibody complexes prepared in  antigen excesses at 3 X  molecular ratio in 

An, Ab, + 3 An, 
mol. wts. An, Ab,' 

equivalence zone ; dosages based upon calculations for 

molecular aggregation by such non-specific 
mechanisms ( 10). This in turn could account 
for the lesser cellular inflammatory effects of 
injected gama globulin given in native state 
than as immune complex in an equal 
weight dosage. 

The seven proteins representing prepa- 
rations of molecular weights from 13,000 to 
40,700,000 and their corresponding soluble 
immune complexes in antigen excesses demon- 
strated a uniform pattern of eosinophil effect. 
The cell responses seen at 6 hours after single 
treatment with the An:Ab complexes were 
significantly greater than those following ad- 
ministration of the protein (An) alone 
(p<O.Ol by T test). F tests of variance 
among individual animals indicated signifi- 
cance for each group result (p<O.O5 for the 
proteins and p<10.01 for An: Ab complexes). 
Differences were noted between animals 
grouped according to their treatments with 
equal weight dosages of: (1) low molecular 
weight protein-correspnding small sized 
An:Ab complex (BRN), (2) high molecular 
weight-large complexes (BTG, HCN, 
TMV) , and (3) those of intermediate classifi- 
cation (BSA, BGG, HSF). The highest values 
recorded for eosinophil responses were 

grouped in inverse relationship to the sizes of 
effecting immune complexes (BRN > BSA, 
BGG, HSF>BTG, HCN, TMV). Among 
administered proteins that of the lowest 
molecular weight (BRN) was also the most 
effective eosinotactic agent. Eosinophil respon- 
ses to the larger molecular weight proteins 
(BTG, HCN, TMV)  closely approached 
those resulting from their corresponding anti- 
body complexes. 

The rapid diffusibility of smaller molecules 
( 11) within tissue could be an important fac- 
tor in their influence on the pathogenesis of 
cellular inflammation. However, when in- 
jected proteins or soluble complexes were 
given in dosages based upon equivalent num- 
bers of moles, a different picture was found in 
this same model (Table 111). By F test sig- 
nificance could not be attached to any dif- 
ferences that might relate the eosinophil re- 
sponses to delineated molecular characteristics 
of those materials studied. 

Reports of other investigators suggest that 
quantitative factors in antigen-antibody com- 
plex formation may be important in some ani- 
mal models of hypersensitivity, i.e., guinea 
pig anaphylaxis (12) and passive cutaneous 
anaphylaxis ( 13,14). Within the limits of our 
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experiments findings also suggest that the 
number rather than size olf antigen-antibo'dy 
complexes and molecular aggregates may be 
one critical factor in the degree of merging 
eosinophilia. Specific characteristics of some 
of these agents however do pose questions for 
further definition. In  the case of injected 
BRN a possible role for enzymatic activity as 
an eosinotactic stimulus has been considered. 
At this stage of investigation the observation 
that BRN evoked greater eosinophil responses 
than the other foreign proteins cannot be ex- 
plained on the basis of size and numbers of 
given molecules to the total exclusion of p s -  
sibilities for a specific biologic quality. In- 
ability to prepare bovine lactalbumin free of 
contaminating BSA or insulin in pure mo- 
nomer form prevented our additional study of 
comparable low molecular weight proteins and 
small size aggregates. The extent of influences 
created by thyroglobulin heterogeneity, its 
tendency to spontaneous precipitation( 13), 
and the pH dependent states of asmiation 
and disassociation of hernocyanin ( 1 5,16) re- 
quires further study. Eosinophil responses dif- 
fered in two series of animals each given dif- 
ferent lots of hemocyanin preparations in 
equal dosages. However, in similar experi- 
ments results with homogenous systems of 
RNA, BSA, BGG, and HSF were reproducible 
within defined ranges. 

Reported phagocytic functions for the 
eosinophil(3,4) prompted our attempts to 
investigate the fate of these injected protein 
molecular aggregates and antigen-antibody 
complexes.§ We were especially interested in 
tracing possible intracellular localizations by 
immunohistochemical fluorescent techniques. 
However, extensive variations in the ap- 
plication of conventional procedures for the 
removal or minimization of interferent, un- 
wanted fluorescein and rhodamine conjugated 
materials in labeled preparations were un- 
rewarding. Our inability to effectively bypass 
the non-specifici ty of granulocytic leukocyte 
staining by fluorochromes agrees with the ex- 
periences of workers in this field( 17,18). 

Summary. Eosinophil infiltrations were 

$In association with S. T. Kostage an.d A. P. 
Rizzo, Research Section, Medical Service, Veterans 
Admin. Hospital, Wilkes-Barre, Pa. 

found in guinea pig popliteal lymph noldes 6 
hours after foot pad injections of purified pro- 
teins or corresponding soluble antigen-anti- 
body complexes. Quantitated cell responses in 
this model served to evaluate eosinotactic in- 
fluences of primary antigen exposure and od 
antigen-antibody union. Ribonuclease (BRN) , 
serum albumin (BSA) , gamma globulin 
(BGG), and thyroglobulin (BTG) of bovine 
origin; horse spleen ferritin (HSF), hemo- 
cyanin (HCN) from Homarus arnerkanus, 
and tobacco molsaic virus (TMV) were used 
as representative purified proteins ranging in 
molecular weights from 13,0001 to 40,701);,000 
and to prepare a spectrum of soluble com- 
plexes with rabbit antibody in mo'derate ex- 
cesses of antigen. In  equal weight dosages 
the smaller complexes and preparations of 
lower molecular weight proteins evoked sig- 
nificantly greater eosinophilia (BRN>BSA, 
BGG, HSF>BTG, HCN, TMV). When 
dosages of the preparations from specific 
proteins (BRN, BSA, BiGG, BTG, HCN) 
were based on equivalent numbers of moles, 
significant differences were not found. It is 
suggested that the number rather than size of 
presenting antigen-antibody complexes or 
protein molecular aggregates may be one 
critical factor in the degree of emerging 
eosinophilia of inflammatory cell responses. 
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Metabolic Inhibitor (s)  in Fractions of Orchardgrass (Dactylis glomerata 
L.) Detected by in vitro Rumen Fermentation Technique.* (31917) 

K. S. SIDHU,~ W. A. HARGUS,~ AND W. H. PFANDER 
Animal Husbandry Department, University of Missouri, Columbia, M o .  

The possible presence of a metabolic inhi- 
bitor in orchardgrass (Dactylis-glomeratu L.) 
hay grown on some Missouri farms was in- 
dicated by Hargus( 1) .  Lambs fed either 
chopped orchardgrass or orchardgrass pellets 
supplemented with proteins, vitamins and 
minerals to meet the requirements set forth 
by the National Research Council failed to 
grow and showed symptoms of stiffness. 

We conducted a series oif investigations to 
find a suitable screening technique for 
detecting the active factor(s). One of the 
techniques selected for study was the in vitro 
rumen fermentation technique. 

This technique has been used previously to 
study nonprotein nitrogen utilization (2,3), 
protein digestion (4),  fatty acid production 
and utilization( 5-7) , cellulose digestion and 
factors affecting it (8-14) , starch fermentation 
(15), and roughage evaluation( 1,16,17). 

This paper describes the technique de- 
veloped as a screening tool to detect the 
presence of the metabolic inhibitor (s) . Re- 
sults of the preliminary fractionations are 
included. The in vitro rumen fermentation 
technique was modified from Garner ( 18). 
The inhibition of cellulose digestion by frac- 
tions of orchardgrass was considered as an 
indication of the presence of metabolic in- 
hibitor(s) since the amount of cellulose 

*Contribution from Missouri Agri. Exp. Station, 
Journal Series 4083. Approved by Director. 

t Presenit address: Animal Science Dept., Oklahoma 
State Univ., Stillwater. 

$ Present address : Intermtional Minerals and 
Chemical1 Corp., SkQkie, Ill. 

digested reflects the metabolic activity of 
rumen microorganisms. 

Preparation of nutrient solution and 
buflers: Nutrient solution was prepared by 
dissulving 1 g sodium carbonate, 920 mg vita- 
min free casein, 160 mg ammonium carbonate, 
160 mg dextrose, and 160 pg  cobalt chloride 
in 2 0 0  ml of distilled water. Equal parts of 
solutions A and B form a modified Hungate’s 
artificial saliva( 19) ; A was prepared by dis- 
solving 3 g K2HP1O4 in one L of distilled 
water; B [by dissolving 6 g NaCl, 3 g 

0.6 g CaCls in one L of distilled water. Buffer 
solution C was prepared by dissolving 10 g 
NaHC03 in 100 ml of distilled water. 

Preparation of substrate: Alfalfa and or- 
chardgrass were ground through a 1 mm 
screen in a Wiley mill. Seven hundred mg of 
original substrate or a residue containing 
the same amount of cellulose as 7001 mg hay 
was transferred into 50 ml glass tubes refer- 
red to as reaction tubes. To each reaction tube 
5 ml nutrient solution, 5 ml Hungate’s artifi- 
cial saliva solution, 1 ml buffer solution C and 
6 ml distilled water were added. Different 
levels of extracts of orchardgrass and ex- 
tractants were added at  the expense of distil- 
led water. When organic solvent extractants 
or extracts were added, they were removed by 
evaporation over a water bath before other 
solutions were added. Alkali extract and ex- 
tractant were neutralized to pH 7.0 before 
use. Reaction tubes were placed in a water 
bath at  39OC. Carbon dioxide, pretreated by 
passing i t  thrQugh nutrient solution, buffers 

(NH4)2S04, 3 g KHZPO4, 0.6 g MgS04 and 




