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uMMARY Antigen solution could be injectcd Into the cornea of sensitized mice
using a fine needle and a stereoscopic dissecting microscopc. The resulting

corneal reaction was shown to be a reliable method in the detection and estimation of

delayed-type hyper sentivitity in mice that had been Immunized witl\ a water-In-oil
emulsion containing an ovalbumin and a cell wall adjuvant. Unlike thc delayed
skin reaction in the car lobe, this corneal reaction was not affectcd by a coexist-
Ing Arthus reaction

INTRODUCTION

Cell walls isolated from a variety of bacterial
induce a cell-mediated immune re-species

sponse and stimulate antibody, production
against a protein antigen when Incorporated
Into water-in-oil emulsion (Adam et a1. , 1972;
Kotani at a1. , 1975a; Stewart-Tull at a1. , 1975).
This ImmunoadJuvant activity is due to A'-
acetylmuramyl-L-alanyl-D-isoglutamine (inu-
rainyl dipeptide or MDP), a structure common
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to most cell wall peptidoglycans of parastic
bacteria (Ellouz et a1. , 1974; 1<0tani at al. ,
1975b). The jinmunoadjuvancy of bacterial
cell walls and inuramyl peptides, in Induction
of chiny, d-typ" hyperreusitivity (DTH) to
protein antigen, has been demonstrated in
guine, pig^ (Stowart-Tu11, 1983). H. w, re",
there are no reports on whether cell walls and
inuramyl peptides can induce DTH in mice,
the laboratory animal most widely used in jin-
inunological research. This seems to be due
to the lack of a reliable method for establishing
DTH in the presence of a possible Arthus

DTH reactions in mice havereaction In mice

been determined by measurement of a ddayed
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reaction, Induced by injection of a sensitizing
antigen, in terms of (i) a footpad or ear lobe
swelling (Crowle, 1959 ; Christie, 1975 ; Ruddle,
1978; C, wini, Ballu. .i and C. st, , 1979), (11) ,
delayed-type skin test (Dekaris and Allegretti,
1968), or (iii) the accumulation of radio-labelled
cells at the site of challenge in the ear lobe
(Vadas at a1. , 1975 ; Robinson and Naysmith,
1976). However, immediate-type hypersensi-
tivity can interfere with these reactions, be-
cause a severe Arthus reaction can remain

conspicuous for 24 h or more. Therefore, it
Is not easy by these methods to distinguish an
Arthus reaction from a delayed-type reaction,
either by gross inspection or by a more quanti-
tative estimation.

On the other hand, the corneal reaction is
not influenced by an overriding Arthus reac-
tion because there are few functional blood ves-

sels in the cornea except those in the limbal
circulation. Therefore, the corneal test has
been found to be a reliable assay method for
DTH in guinea pigs, rats and rabbits (Raffel
at a1. , 1949; White, Coons and Connolly, 1955 ;
Enjot, Flax and Leibowitz, 1966 ; Chandler,
EUgene and Russell, 1973 ; Stewart-Tull at al. ,
1975 ; FriedIaender and Dvorak, 1977 ; Tanaka
at a1. , 1977). However, so far there have been
no reports on the use of the corneal test in
mice, presumably due to the technical difficulty
of inoculation. In this work, we found that
the corneal test was a reliable method for de-
tection and estimation of DTH in mice that
had been sensitized with ovalbumin as a test

antigen and NOCardra c@",'cr"rin or NOCn, 'd, h
coin, "ebncteriode$ cell walls as an adjuvant in a
\\, ater-in-oil emulsion.

PIete Freund's Adju\, ant (IFA ; Difco Laboratories.
Det, oit, Aarich. , USA. ) and 0.01 M phDsph"te-
buffered saline (pH 7.0) containing 4.0 ing oval-
bumin (Grade V; Sigma Chemical Co. , St. Louis,
Mo. , USA. ) and 20 ing of either N. tn"ic, IIJ, '"
(ATCC 17896) or N. cory, ,ebnc!er, 'odes (ATCC
14898) cell walls. A dose of 100 "g of antigen and
50 11g of adjuvant was injected. The corneal test
was done in one eye 21 days later. Animals received
a booster injection 3 days later in the right hind-
footpad of the same water-in-oil emulsion as Lised
for the first immunization. Seven days after the
booster Iruection, another corneal test was done in
the other eye. Control mice were jinmunized \\. ith a
water-in-oil emulsion containing ovalbumin but not
cell wall adjuvant

Cell wall preparations \\, ere prepared as described
previously (Takada at a1. , 1979), and kindly sup-
plied by Drs. Kanae Yokoga\va and Shigeo Knwata
(Damippon Pharmaceutical Co. , Osaka, Japan)

2. Corned/ Test

A mouse was anesthetized \\, ith ether and placed
under a stereoscopic dissecting microscope (in ag-
nif}, ing power x6.3, Model INITr. ,; Olympus Co. ,
Toltyo, Japan). Then ovalbumin solution (20 ingj
in I of physiological saline solution) sterilized by
filtration through a IVlillipore filter (pore size
0.45 I'm; Nihon IVlillipore Ltd. , Tokyo) was in-
jeered into the cornea Lising a syringe with a fine
needle (specially made with an outer diameter of
0.28 mm, and 16 mm in length with a short be\, el
cut to an angle of 45'; AJIsawa Kog\, o Co. , Tokyo)
The needle was Inserted tangentially to the curva-
ture of the eye into the center of the cornea
Tl, e amount of antigen injected was adjusted to
produce a discrete opaque disc of about I. 5 mm
diameter in the cornea (Fig. I). The \, o1ume of an-
tigen solution was approximately 0.5 141 containing
10 11g of ovalbumin. The eyes of test mice \\, ere ex-
amined 24 and 48 h later by nal<ed e}, e Linder ap-
propriate Illumination. The intensit\, of the reac-
tion provolfed by DTH \\, as graded as follows : (0),
clear transparent cornea, (1), slightly cloudy \\. ith a
distinct pupil, (2), cloudy and pupil hidden, (3),
completely opaque \\, ItIT a rough surface. In general,
O or I were scored as negative and 2 and 3 as positive
The mean scores of the corneal response in each

group were recorded

3 . Ear-Lobe Hype, sells, 't, wily Redctio, I

Ten days after the booster injection and tl, Tee

MATERIALS AND METHODS

I. 1,117,111,113dt, 071

Groups of eight 5-week-old male mice tin bred
C3H!He, BALBlc or a closed colony ICR from
Charles River Japan (Kanaga\\, a, Japan)l were gi\, en
an injection of 005 in I of a \\, ater-in-oil emulsion in
the left hind-footpad. The emulsion was prepared
by sonication of a nTixture a : I, \, I\,) of Bacto Incom-
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FIGURE I. Injection of antigen solution (approximately 0.5 111 of 20 ingjml ovalbumin solution) into a mouse
The bevelled tip of the needle is in contact with the corneal surface.cornea

days after the second corneal test, ovalbumin solu-
tion (10 ingjml of physiological saline) was injected
intradermally into the ear lobe to form a bulla of
approximately 2 mm in diameter (about 10 A1 an-
tigen solution containing 511g of ovalbumin was in-
jected). At 2 h intervals for 12 h, and then every
24 h for four days after the injection, the thickness
of the lobe at the injection site was measured with a
dial gauge (Model SM-528 ; Teclock Corp. , Tokyo)

4. Estimation of a"tibody Lean!

After the corneal test, mice were bled from the
retro. orbital plexus, and the anti-ovalbumin level of
their serum was determined by a reversed single
radial jinmunodifTusion technique. Triplicate 10 111
serum samples from individual mice were put into
wells of an agarose plate containing ovalbumin (3.0
Kg ovalbuminjml of 10', agarose gel). These plates
were incubated for 24 h at room temperature in a
moist chamber, and then the diameters of the pre-
cipitin zones were measured. Values were stan-
dardized by comparison with that for pooled refer-
ence serum of the ICR mice jinmunized with oval-

bumin plus adjuvant, which contained 350 11g
antibody nitrogenjml. The lower limit of accurate
determination was about 25 Ag antibody nitrogen
in I of test serum

5 . H, ^1010gy of Cornea

Cellular infiltration into the cornea was examined

histologically in animals killed at 6.24,48, and 72 h
after the corneal test. The eyes were removed and
fixed in 10'0 formalin-saline solution. The fixed

eyes were embedded in paraffin wax and section of
5 pm thickness were cut and stained with hema-
toxylin and eosin.

.

RESULTS

Figure 2 shows positive and negative corneal
reactions 48 h after injection of the ovalbumin
solution into the cornea of albino Tcl^ mice

with red eyes (A) and dark-brown haired
C3HjH, mire with blank ey^^ (B) which had
been sensitized with ovalbumin and N. c@"a'cr"-

ri@ cell walls given as water-in-oil emulsion.
The opaque disc formed by the initial injec-
tion of ovalbumin solution into the cornea

disappeared within I h. But after 12 h, the
cornea of the sensitized mice became cloudy to
an extent depending on the level of DTH in-
duced, and the cloudiness caused by positive
delayed hypersensitivity to ovalbumin per-

MORISAKi, I. at al. Corneal test ah mice.



FIGURE 2. Corneal responses of mice (48-h after the antigen injection). The responses in A) ICR mice and
B) C3HjHe mice are shown. The left side shows a negative corneal reaction, and the right a positive one,

sisted for 48 h, at least.
Figure 3 shows the histological appearance of

an eye giving a positive corneal reaction. At
an early stage, cellular infiltration of a number
of neutrophils and a few monocytes I macro-
phages is recognizable, predominantly in the
comeo-scleral limbus area. At a later stage,
48 h after the injection, the infiltration spread
to the central area of the corneal tissue. These

histological findings were essentially the same
as those observed in guinea pigs (Long and
Honey, 1933 ; FriedIaender and Dvorak, 1977),
but in mice, polymorphonuclear cells were
also observed among the mintrating cells,
whereas in guinea pigs these cells were ex-
clusively monocytesjmacrophages. Similar
findings in a DTH dermal reaction of sensitized
mice against protein or polysaccharide antigen
were reported by Crowle (1975).

The time course of the ear lobe hypersensi-
tivity reaction in mice sensitized with oval-
bumin and N. cory"eb@cte, to des cell walls is
shown in Fig. 4. The reaction was hiphasic
with a trough at 12 h after injection of provo-
cative antigen into the ear lobe. The early
and late phase reactions seemed to be mainly
due to the Arthus reaction and DTH, respec-
tively. However, these two reactions showed
considerable overlap making it difficult to dis-
tinguish the two reactions clearly and to de-
termine the extent of the induced DTH

quantitativeIy. The jinmunological specificity
of the ear lobe reaction was confirmed by the
finding that after injection of bovine serum
albumin (crystallined and Iyophilized ; Sigma)
solution (1.0 ingjml of physiological saline),
which is heterologous to the antigen used for
sensitization, no significant swelling occurred

12 BIKEN JOURNAL V01.30 No. I 1987
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FIGURE 3. Histological comparison of A) a normal, or negative eye reaction of a mouse sensitized with the
antigen alone with B) a positive corneal reaction in a C3HjHe mouse sensitized with antigen and N. cory"eb@c-
tenodes cell walls. Eyes were removed 48 h after antigen injection. Arrow " c " indicates the cornea (thick-
ness: A, 50-70 Am, B, 150-200 pm) and " i " indicates the iris. Hematoxylin and eosin stain

during the time course of either phase of the
ear lobe reaction.

The corneal reactions, together with ear lobe
reactions and circulating antibody levels in
ICR, BALBjc and C3HjHe mine that had born

sensitized with ovalbumin and N. c@"IC, ",,'@

cell walls in a water-in-oil emulsion, are sum-
manzed in Fig. 5. All the test mice of these
three strains exhibited a strong positive corneal
reaction, while no control mice jinmunized

MORISAKi, I. at al. Corneal test ,it mice.
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FIGURE +. Time collrse of the ear lobe reaction in

BALBlc mice sensitized with ovalbLimin witlT or
without N. cory, !ebn, tenodes cell \\, alls in a water-
In-oil emulsion. Results show ear lobe reactions

after injection of antigen solution (approximately
5Ifl of I ingjml ovalbumin solution) in mice jin-
inunizcd with ovalbumin witlT (0) or withotit (.)
the cell wall adjtivant, and after injection of
bovine serum albumin solution in mice jinmunizcd

witlt 11n ovalbumin with (0) or without (.) tlTc
cell wall adjuvant. ValLies in brackets indicate the
ratio of mice giving positive corneal reaction to
total mice examined at each time
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with ovalbumin alone in a water-in-oil emul-

SIon showed an appreciable corneal reaction.
The differences between the corneal reactions

in animals sensitized with the antigen in the
presence and absence of N. conicr"rid cell walls
were clear-cut, that is essentially positive or
negative. In the ear lobe hypersensitivity re-
action, there were definite differences between

test and control animals in the percentage in-
crease in the thickness at the injection site of
the provocative antigen, but the differences
were not clear-cut. The circ111ating serum anti-
ovalbumin antibody levels were higher in mice
jinmunized with a water-In-oil emulsion con-

taming ovalbumin as an antigen and the cell
walls as an adjuvant than in mice treated with
a water-in-o11 emulsion containing antigen
alone.
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FIGURE 5. itesponsivcness of three strains of mice
to the jinmunoadjLivant activity of N. mill"11/11'n cull
walls. Mice \\, CTe sensitized by tin injectioiT into
the footpad of 100 11g of ovalbumin \\, itIT (+) or
without ( -) Ihc cell walls (50 11g) in a \\, ater-in-oil
emulsion. Thc corncal test was donu by injcction
of antigen solution into one eye (approximately 0.5 1:1
containing 10 I, g of ovalbumin) three weel<s after the
first Immunization and was repented in thc othur
eye one weel< riftcr the booster injection. The second
corneal reaction is sho\\, IT us the percentage of
animals showing a positive reliction 124 h response
(.), 48 h response (, 1101. The eru' lobe reaction
elicited by iruectioi, of antigen solution (approximate-
Iy 5111 containining 5Itg of ovalbumin) is shown us
the percentage increase in thicl<ness of the ear after
the injection 124 h response (.), +8 h responsu ( 111')l
The antibody content is presented us fig antibody
nitrogenjml of serLim (.) or us the ratio of the anti-
body content in the sera of the test group to that of
the control group (.). Note the clear-CLIt distinc-
tion of positive and negative corneal responscs in
animals sensitized with antigen \\, itIT or without N.
c",,, tinym cell walls as an richLiv"nt in water-in-oil
emulsion, respectively, but the less clear distinction
between these groups in the ear lobe reaction. In
addition, the ear lobe reaction is related to the level

of antibody indicating possible interference from an
Arthus reaction
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delayed-type hypersensitivity reaction in mice
is a useful and reliable assay method for evalua-
tion of DTH in mice, as it has been found to



be in guinea pigs. The advantage of the cor-
ncal test Is that the reaction Is scarcely In-
Huenced by a coexistcnt Arthus reaction be-
cause of the functional avascularity of the
corneal tissue. This was verified by histologi-
cal examination of corneal tissue from mouse

eyes showing a positive reaction. Histological
examination showed that the corneal opacity
recognized by naked eye was due to the coin-
bined effects of edema, inflammatory cell in-
filtration, deposition of fibrin and dearrange-
merit of inherent corneal cells, as observed
previously in guinea pigs (Salvin and Gregg,
1961 ; FriedIacndcr, 1979).

The technical difficulties of the injection due
to small size of the mouse eye nlay be over-
come by the use of a fine needle and stcrco-
SCOPic dissecting microscope. Conventional
methods for detecting DTH in inicc (Crowle,
1975), such as the footpad swelling reaction or
ear lobe thickening reaction, arc technicalIy
easy, but have the serious disadvantage that
an Arthus reaction Interferes with measure-

merits of the DTEl reaction, particularly aftei
repeated immunizations, which result in eleva-
tion of scrum antibody. Another difficulty is

Inaccuratc measurement of footpad volunTe or
ear lobe thickness.

In practice, it is unnecessary to fix the
amount of test antigen solution to be injected
Into the cornea precisely, becausc the antigen
concentration is high. Moreover, this test can
be made on various strains of test animals, In-
cluding both albino mice with red eyes and
coloured mice with black eyes. Thus, the
potencies of \, arious test adJuvants to Induce
DTH in mice may, be compared effectiveIy
under essentially standard conditions.

The ear lobe reaction was primarily devised
to determine the DTH dependent on T cell
activation at an early, stage of the Immune re-
sponsc (Van Loveren, ^leade and Askenase,
1983 ; Sewcll, Munoz and \ladas, 1983). \\!e
have also observed that the ear lobe reaction

was weakly positive in mice that had received
one immunization with ovalbumin plus cell
walls, while the corneal test was negative at
this stage (data not shown). But we do not
know whether this means that the sensitivity
of the corneal test is less than that of ear lobe

reaction.

REFERENCES

Adam, A. , CiorbarLi, I{., Petit, I. F . Lederer, E
1972. Isolation and properties of a macromolecu-
jar, \\, ater-soluble jinmunoadJuvant fraction from
tl\e cell wall of Myrobtttterii, ,,! sineg, ,in!,'s. Proc
Natl. ACad. Sci. USA. 69: 851-854

Chandler, I. \\I. , I{eise, E. R. , \\leiser, R. S. 1973
Induction of delayed-type sensitivity-like reac-
tions in the eye b\, the injectioit of lymphokines
invest. Ophthalm01.12: +00,109

Christie, G. H. 1975. An electro-mechanical meth-

od for riteasuring delayed hypersensitivity in mice
by increase of car tlTicl<ness. I. Immunol
Alethods 8 : 257-262

Corsini, A. C. , Bellucci, S. B . Costa, A, I. G. 1979
A simple ritethod of evaluating delayed t}, pe hy-
persensitivity in mice. I. Immunol. Alethods. 30
195-200

Crowle, A. I. 1959. Delayed hypersensitivity in
mice: Its detection by skin tests and its passive

transfer. Science 130: 159-160

CTo\\. IC, A. I. 1975. Delayed 11}, perscnsitivity in
the mouse. Adv. Immun01.20: 197-26+

Dekaris, D. , Allegretti, N. 1968. Cutaneous reac-
tions in mice injected littradermall}, with alloguneic
cells. Transplantation 6 : 296-298

Eijiot. I. H. , F1"x, A, I. H. , Leibowitz, H. M. 1966
The limbal cellular infiltrate in experimental cor-
neal hypersensitivity. Arch. Ophthalm01.76 : 104-
116

Ellouz, F. , Adam, A. , Clotbarti, R. , Lederer, E

197+. NIInimal structural requirements for ad-
Juvant activity of bacterial peptidoglycan denva-

Blochem. Biophys. Res. Coinmun. 59:tjves

1317-1325

FriedIaender, A'I. H. 1979. EOSinophils and haso-
phils in DCular dela} ed I, ypersensitivity reactions.
p. 339-3+5. 111 Silverstein, A. AJI. , 0'Connor,
G. R. led. l Immunology and Tmmunopathology

it10nlSAKl, I. at al. Corned/ test ill 111ice 15



of the Eye. (A, lassonjNe\\, York).
FriedInender, A1. H. , Dvorak, H. F. 1977 NIOr-

phology of delayed-type hypersensitivity reactions
in the guinea pig cornea. I. ImmLin01.118 : 1558-
1563

Kotani, S. , Narita, T. , Stewart. Tull, D. E. S. , Shimo-
no, T. , \\Iatanabe, Y. , 1<at0,1<., Iwata, S. 1975a
Tmmunoadju\, ant acti\, itIes of cell walls and their
water-soluble fractions prepared from \, anous
gram-positive bacteria. Biken I. 18 : 77-92

Kotani, S. , Watanabe, Y. , 1<inOShita, F. , Shimono,
T. , Monsaki, I. , Shiba, T. , Kusumoto, S. , Taruml.
Y. , Ikenaka, K. 1975b. Immunoadjuvant activi-
ties of synthetic N-acetylmuramyl-peptides or
-amino acids. BikenI. 18: 105-111

Long, E. R. , HDlley, S. \\7.1933. The origin of the
GPitheloid cell in experimental tuberculosis of the

Am. I. Path01.9: 337-345.cornea

Raftel, S. , Am"ud, L. E. , Dul<"s, C. D. , Huang, I. S
1949. The role of the " wax " of the tubercule

bacillus in establishing delayed hypersensitivity
11. Hypersensitivity to a protein antigen, egg
albumin. I. Exp. Med. 90 : 53-72

Robinson, I. H. , Naysmith, I. D. 1976. A coin-
parison of four methods for measuring cutaneous
delayed-type hypersensitivity reactions to protein
antigens in the mouse. Scand. I. Tmmun01. 5
299-304

RLiddle, N. H. 1978. Delayed Ilypersensitivit\, to
soluble antigens in mice. I. Analysis ill o1.0. Int
Arch. Allergy Appl. Immun01.57: 560-566

Salvin, S. B. , Gregg, M. B. 1961. The specificity of
allergic reaction. IV. The cornea. Proc. SOC
Exp. Biol. IVled. 107: 478-483

Sewell, \V. A. , Munoz, I. I. Vadas, M. A. 1983
Enhancement of the intensity, persistence, and
passive transfer of delayed-type Ilypersensitivity

lesions by pertussigenin mice. I. Exp. Alled. 157:
2087-2096

Stewart-Tull, D. E. S. 1983. jinmunopotentiating
products of bacteria. p. I-42. lit Easmon, CSF. ,
IeUiaszewicz, I. [ed. ] Medical Allicrobiology, 2
(Academic PresslLondon)

Stewart-Ttill, D. E. S. , Shimono, T. , Kotani, S. ,
Kato, IVl. , Ogawa, Y. , Yamainura, Y. , Koga, T. ,
Pearson, C. M. 1975. The adjuvant acti\, ity of a
non-toxic, \\, ater-soluble glucopeptide present in
large quantities in the culture filtrate of My cob"c-
tel inni t!, belci, /o313 strain DT. Immunology, 29 :
I-15

Takada, H. , Tsujimoto, iVl. , Kato, K. , Kotani, S. ,
Kusumoto, S. , Inage, M. , Shiba, T. , Yano, I. ,
Kawata, S. , Yokogawa, K. 1979. Macrophage
activation by bacterial cell walls and related
syntltetic compounds. Infect. Immun. 25 : 48-53

Tunaka, A. , Saito, R. , Sugiyama, 1<., Monsaki, I. ,
Kotani, S. , Kusumoto, S. , Shiba, T. 1977. Ad-
juvant activity of synthetic N-acetylmuramyl pep-
tides in rats. Infect. Jinmun. 15: 332-334

Vad"s, M. A. , Miller, I. F. A. P. , Gamble, I. , White-
law, A. 1975. A radioisotopic method to mea-
sure delayed type hypersensitivtty in the mouse
I. Studies in sensitized and normal mice. Int

Arch. Allergy Appl. jinmun01.49 : 670-692.
Van Loveren, H. , Meade, R. , Askenase, P. W. 1983

An early component of delayed-type hyper sensi-
tivity mediated by T cells and mast cells. I. Exp
A{ed. 157: 160.1-1617

White, R. G. , Coons, A. H. , Connolly, I. M. 1955
Studies on antibody production. IV. The role
of a wax fraction of My cobucterii, ,,, titbe, ci, 10sis in
adjLivant emulsions on the production of antibody
to egg albumin. I. Exp. Med. 102: 83-103.

16 BIKEN JOURNAL \!o1. 30 No. I 1987




