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Thompson, Cook, and HoeyI have recently repoted the histochemi-

cal investigation of aidophilic, crystalline intranudear inclusio
(ACN) in the liver and kidney of 13 dogs. It was demonstrated that
the inclusons were not composed of any of the foilowing substne:
hemoglobin or any of its iron-containing derivatives, minerals, lipids,
deoxyribonucleic acid, ribonucleic aad, c t, g mucin,
mucopolysaccharides, polysaccbarides, glyoproteins or glycolipids.
The poble role of pyrimidines, nes and purine end products in
the formation of the inclusons was discounte because of theirn
solubility in alkali, mineral add or organic solvents. It was postulated
that ACN inclons e formed as a result of altered permeability of
the nuclear membrane, which favored intanur retion of protein
at periods of intensive prtein synthesis in the nuleus. The study,
herein repoted, was undertaken to determine if protein was a compo-
nent of the incuions

MATAL AND MEODS
The tissues employed in this investigation were procured from

paraffin-embedded sections of formalin or alcohol fixed tissues from 9
of I3 dogs used in the previous study (cases 5 through I3) 1

Serial sections, 7 to 8 i in thircknss, were prepaed from the prain
blocks in each case.
The theory of staining desgned to demstrate protein groups m

tissue sctios has been reported by Dani]lli12 He also reted
methods for Using the tetrazotized benzidine stain d sugested the
application of agents to block speific groups, allowing the demonstra-
tion of other groups by staining with dinitrofluorobenzene (DNFB).'
However, the staining procedures for DNFB were developed i this
laboratory and are given below.
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THOMPSON ET AL.

Tetrazotized benzidine was used according to the procedure given
by Llllie.4 Benzoyl chloride was utilized at a concentration of io per
cent (v/v) in pyridine. Treatment in thi reagent for one hour was
found suiient to give complete blockage of the DNFB stain.
The DNFB reagent was adapted from Sanger.5 A solution of i gm.

of NaHCO. in i5 mL of water was mixed with a solution of .84 mL of
DNFB in 30 mL of ethanol. The resulting DNFB solution, saturated
with NaHCO3, was used at room temperature. Exc bicarbonate was
allowed to settle, but was not filtered off. Tissues were regularly
stained for 30 minutes. To couple the dinitrophenol derivative to a
naphthol, and to enhance the color development, the nitro group was
reduced with saturated stannous chloride (SnCl2) in I N HCI for Io
minutes at room temperature. The amino group produced was diazo-
tized in a nitrous add solution (So mL of water, 1.25 ml. of concen-
tatedHR and .5 gm. NaNO2) for 5 minutes at ice bath temperature.
This diazotized derivative was then coupled with betanaphthol, or
H-add [8-amino-i-naphthol-3, 6-disulfonic add, monosodium salt
(procured from Eastman Kodak Company, Organic Chemical Divi-
sion, Rochester, New York)], according to the procedure of Danielli,
as given by Lillie.4

According to Danielli,2 DNFB reacts with the tyrosine groups,
ammno groups, and sulfhydryl groups of proteins. These groups can be
blocked by diazotized p-nitroanlline, nitrous acid, and hydrogen per-
oxide, respectively.2 In this work, tyrosine was blocked with diazotized
aniline. The dia was prepared as a stock solution. One hun-
dred ml. of water, 40 gm. of ice, and 3.5 ml. of concentrated HCI were
mixed and cooled to o to 40 C. in an ice bath. After cooling, 1.38 gm. of
NaN02 were dissolved in the solution, and finally 2.6 gm. of aniline
hydrochloride were added with stirring. The stock solution was stored
in the refrigerator, and diluted I:30 with . N veronal buffer, pH 9,
just prior to use. The sections were treated at ice bath temperature for
30 miutes. The procedure for blocking the amino groups in a tissue
section was similar to that used in diazotizing the amino group formed
from the dinitrophenol derivative, with the exception that a 15-minute
exposure was used to assure complete blockade.

Sulhydryl groups were blocked by treatment with .ooI M 202 at
room temperature for x5 minutes.

In the procedures for the specific demonstration of amino, tyrosyl,
or sulfhydryl groups, two groups were blocked as above; the section
was stained with dinitrofluorobenzene, and this derivative was coupled
with H-acid. The stain produced was attributed to the unblocked group.
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NINTrANUCLEI INCLUSIONS

Stain Scheduls
The staining procedure for the demonstation of d de linkages

is given below. The procedure includes the DNFB staining schedule
and coupling with a naphthl (st 5 through x3).

I. Bring slide to forove, and air doy.
2. Placeie in beDZOYI chlode reagent at roomte e for one

hour.
3. Rinse with absolte ethal, take to eilium with water, and wash in

im water for S minutes.
4. Place secti in i N HCN solution in hood at room te rtue for I5

mminutes.
S. Wash in runngwater for S utes
6. Place in DNFB solution at room t atue for 30m
7. Rinse in absoue ethanol for 1 minute; ether, 30 seconds; bring back

thr eaol to water; wash in rmning water for I minute.
8. Place in in I N HCl at room te atur for

rO1
9. Wash in mnn ater for S minutes.

Io. Plae in acid sohltion at ice bath tempeature for S minutes.
II. Equilibrate s5ction in 2 water baths and 3 buffer baths (.r N veroal,

pH 9) at ice bath temperature for I minute each.
12. Place in .os per cent enaphhol or H-add solution in .I N veronal buffer,

pH 9, at ice bath e for I m
13. Wash section in water for S coUmterstain with hema-

toxylin and mount in stanrd moting medium.

For the speific de tion of ano, tyrosyl, or ulfh yl groups, the
groups were blked idualy. By bl Ing two of the reactive groups, the
third could be d m ted. In order to prvide a color com iso sections
which had been treated with aR 3 blockg agats and sections which had not been
blocked wer run. Te folowing dule indes all 3 b ing ts To demon-
state a particular growp, the blocking for that group was omitted from the
purcedu

I. Bring section to e rium with water at ice bath tperture
2. Plac secion in nitrous add solution at ice batht for Ir miutes
3. Rinse section in cold nnng tap water for 5 mintes, and equilbrate in

.1 Nvernalbuffer,pH9atoto4 C.
4. Place section in diazoaniline solution at ice bath em te for 30 nut
S. Wash in cold nning tap water for 5 minutes.
6. Place section in .OOi M HIA sohltion at roomt for is mnutes
7. Wash in running tap water for S minutes and proceed with the DNFB

staining schedule given in seps 6 through 13 above.
In additon to the proeldures given above, liver and kidney secions from cases

S, 6, I0, II, and 131 were subjected to the procedures of Barmett and Seogman4
for y l and disulfide groups, utiliZing the 2, 2'-dihydroxy-6, 6' dinaphthyl
disulfide (DDD) stain. Prior to staining for f yl groups, the deprained
sections were washed with nning tap water for r32 hours to hlberate the sulf-
hydryl groups.9 In the disulfide procedure, benzoyl chlorde was used to block
the hy l groups
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REsULTS

The results obtained with each staining procedure were sufficiently
uniform that the reaction of the addoc y lli intan r

(ACN) inclons can be r te d wit reference to the tissue or
case in which they occufred (Table I). The color caracteristics of
each stain were as follows:

I. Tetrzotized benzidn. The color range of the ACN inclusons
was red to orang, that of the nuceoasm was blue to violet, and the
cytoplsm was orange to range-brown (Fig. I).

2. Benzoyl chloride and te id bendine. The ACN inclu-
sions were nstained, the nudeoplasm was red to blue, and the cyto-
plasm was unstained to faint brown (Fig. 2).

Tmz I
S.iugCof1 ACN I

Prot_a tak ROtir of hicsId

Tetrzotized be1di P e

Benzoyl chloricde and tetrazotzdwbd ln Ngtv

Dinitroflo zene Poitive
Tyrosyl DNFB Postive
Amino-DNFB Weak postive
Sulfhydryl-DNFB Poitive
DislMfide-DNFB Negtiv to wey positive
SuHfhydryl-DDD Postive
Disulde-DDD Negative

3- D trofluo (DNFB). The color range of the ACN
inclusions was red-brown to mulberry, that of the nuceoplasm was blue
to violet, and the cytols was brown (Fig.- 3).

4. Tyrosyl groups (DNFB). The color range of the ACN incusions
was mdigo to brown, that of the nudeoplasm. was purple, and the cyto
plasm was light red to tan (Fig. 4).

5. Amin g (DNFB.) The color range of the ACN inclusions
was faint yellow to tan, that of the nucleopas was blue to purple, and
the cytosm was yellow to tan (Fig. 5).

6. Sulfhydryl groups (DFNB). The color range of the ACN indlu-
sions was orange to carmie, that of the nudeoplasm was purple, and
the cytoplasm was carmine (Figs. 6 and 7).

7. Disulfide groups (DFNB). The ACN inclons were usually un-
stained but occially showed a bluish tinge; the nucleoplasm was
violet, and the cytoplasm. was yellow to tan.

8. Sulfhydryl groups (DDD). The ACN inclusions, nuceoplasm
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INTRANUCLEA INCLUSIONS

and cytoplasm were al violet, but the inclusions were more intensely
stained (Fig. 8).

9. Disulfide groups (DDD). The ACN inclusions were unstained,
the nudeoplasm was faint blue, and the c was light yellow.

DISCUSSION

The evidence presented by Thompson, Cook and Hoey1 indicaes
that the ACN inclons do not contain demonstrable carbohydrates,
lipids, minerals, or nul adds The results obtd in the preent
study tend to cofirm the previously potult protein nature of these
inclusions. It is thought that the speific ractive groups of protein,
which must be in an available form prior to staining,10 are not appre-
ciably maed by the alcohol or formalin'1 fixatives used.
The posite staining with tetrzotized bendine indicates that the

ACN inclusons contain protein or uclec d. When tissue sections
are blocked by benzoyl chloride and subsequently stained by the same
method, only the nucleic add remains reactive.4 The ACN incusions
were not stained following treatment with benzoyl chloride. This indi-
cates the absence of nucleic ad and shows that the positive stain of
the ACN inclusions with tet zed benzidine alone is due to reactive
groups normally found in proteiiL
Most viral inclusions which have been studied histoelly have

exhibited positive reactions to stains for nuclec acids.m The absence
of nucleic add in ACN inclusons as demonstrated in this study greatly
lesens the possibility that viruses play a role in the formation of the
inclusions.
The p n nature of the ACN inclusons was directly demonstrated

by the DNFBs, which stains tyrosyl, amino and sulfhydryl groups,
but not nucleic acds. The specific stains for trosyl, mino, and
sulld group the DNFB method gave a well defined posi-
tive reaction for tyine d sulfhydryl, but a weak reaction for
amino groups. This was only a qualitative demonstration of these
groups, and did not i reflect their relative abundance The
existence of suHydryl groups in the inclons was substantiated by
the positive reaction to the DDD stain; thisi reported to be a specific
reactiaon.
The ACN indlusions did not stain with the DDD or DNFB disulfide

procedures, except for occasional weak positive reactions following
DNFB. Because of the specficity of the DDD method, it is probable
that the inclusions contain no disulfides or that the concentration of
these is too low to be demonstrable. The occasional weak positive stain
obtained with the DNFB procedure was probably due to incomplete
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blockade of some amino or tyrosyl groups. On the basis of these results,
it is not possible to eliminate disulfide linkages as constituents of the
ACN inclusions with certainty. However, the presence of these link-
ages is consistent with the probable protein nature of the inclusions
and with the existence of sulfhydryl groups.
The demonstration of tyrosine, sulfhydryl groups (cysteine), amino

groups (lysine, glutamine or terminal amino), and possibly disulfide
linag (cystine) in the ACN inclusions indicated that protein or
polypeptides were present. The physiologic mehanism responsible for
the formation of these crystalline indusions is nnown; it may in-
volve altered permeability of the nudear membrane or excess protein
or polypeptide synthesis wthin the nudeus. It is possible that the
ACN inclusions were formed post mortem by the aggregation of pro-
tein-like constituents of the nucleus in cells which had a high rate of
protein synthesis just prior to death; but this is not likely in view of the
extreme distention of the nuclear membrane in some instances, as well
as the margination of chromatin. The histologic appearance is that of
a process which occurred in vivo.
The conclusions which are drawn from this study are that the ACN

inclusions contain reactive groups normally associated with the pres-
ence of protein or polypeptides. Other compounds normallyoccurrg
in the liver and kidney epithelial cells and capable of detection by the
histochemical methods used in this and the previous study were not
demonstrable.

Acidophilic, crystalline intranuclear inclusions observed wthin the
epithelial cells of the liver and kidneys of 9 dogs were shown to contain
reactive groups normally associated with the presence of proteins or
polypeptides. Staining schedules are given for the demonstration of
specific protein groups in formalin and alcohol fixed, paraffin-embedded
tissue sections, utilizing a dinitrofluorobenzene technique.
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LEGENDS FOR FIGURES*
FBl i. Kidney of a &3g Single ACN inehsim m a wa1 tubu epitheial ceill

Setion stained with te_rztizd bedine c d with betanaDbthol to dem
te t ne,i e, t and th e and pyd ne s of

ndicicW X I000.

Fw. 2. Kidney of a dok) Two ustained ACN in s i re tubular ee
cel Sectum teated by ben ci to block ysi e ad
tryptopan and estained lit t tidbed Zne w waih betn hoL
X 10006

Fh 3. Kidney of a dog. Sine A incion in a real tubular eithell cell
stainedwth e with H-acd to t yl,

A and SUMh y grf X iooo

Fmnk 4. Ive of a dog. Sile ACN inclusion in cell. Sectio
trated by y g poe to block ms and nit acid to
bock amino gznups The a cotdstin,c with H-acd was

to dmnstrate gloqw X iloOO.

*United Sttes Army hoogrphsotake by Mr. WiM H of the P o
Servie, Frtimom Army Denver, Cob.
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Fic 5. liver of a dog. Single ACN inclusion in a hepatic epithelial cell Section
treated by hydrogen peroxide to block sulfhydryl groups and dianilie to
block tyrosyl groups. The dinitroflurobenzene stain coupled with H-add was
employed to demonstrate the presence of amino groups. X IOoo.

FIGs. 6 and 7. liver and kidney of a dog. Single ACN inclusions are shown in
epithelial cells of each organ. Sections treated by aoaniline to block tyrosyl
groups and nitrous acid to block amino groups. The dinitrluorobenzene stain
coupled with H-acid was employed to demonstrate the presence of sulfydryl
groups. X Iwooo.

FIG. 8. Kidney of dog. Single ACN inclusion in a renal tubular epithelial celL
The p ce of sulfhydryl groups is demonstrated by the 2, 2'-dehydroy-6,
6' dinaphthyl disulfide stain- X IOoo.
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