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SCIENTIFIC ARTICLE

Kratak sadr`aj

Na 20 uzoraka zubnih granuloma koji uglavnom poti~u sa gornjih
lateralnih sekuti}a, od pacijenata oba pola, starosti od 16 do 60 godina,
ura|ena su ultrastrukturna istra`ivanja sa ciljem da se detaljnije prou~i
gra|a plazma }elija (PC) i njihov odnos sa Russellovim tela{cima (Rt).
Naro~ita pa~nja je usmerena na mesto stvaranja i lokalizaciju Rt, kao i
na prelazne oblike koji postoje u njihovom "sazrevanju". Materijal je
podvrgnut standardnoj tehnici obrade, a ultratanki preseci, debljine
40-60 nm, pripremljeni su na ultramikrotomu NOVA-LKB sa staklenim
no`evima. Kontrastiranje je izvr{eno u kompjuterizovanom aparatu
ULTRO-STEINER-LKB sa uranil acetatom i olovnim nitratom. Tra-
nsmisiona EM ura|ena je na elektronskom mikroskopu BS-500. Na
dobijenim preparatima i elektronmikrografijama, zapa`eno je stalno
prisustvo PC koje dominiraju zapaljenjem. Ove }elije uglavnom
pokazuju sli~nu gra|u, ali je zapa`en veliki broj varijacija u odnosu na
organizaciju granuliranog endoplazmatskog retikuluma (gER),
prisustvo ribozoma i nukleolusa, kao i na stanje jedarnog hromatina i
eventualno prisustvo Rt. Utvr|eno je da se PC mogu videti u ~etiri
morfolo{ka tipa-oblika. Na osnovu tih oblika mogu}e je pratiti na~in
stvaranja Rt. Prisustvo Rt utvr|eno je samo u jednom tipu PC i to
unutar dilatovanih cisterni gER-a. Ove strukture se pokazuju kao
sferi~na tela{ca razli~ite veli~ine i umerene ali kompaktne i jednake
elektronske gustine. Utvr|eno prisustvo ~etiri oblika PC ukazuje na
veliki dinamizam tih }elija, pri ~emu prisutni oblici predstavljaju
mogu}e razvojne faze Rt.

Klju~ne re~i: zubni granulom, plazma }elije, Russellova tela{ca

Uvod

Dosada{nja istra`ivanja idu u prilog tezi da
kod zubnog granuloma humoralni i celularni

Abstract

Ultra-structural studies were made on 20 samples of dental
granulomas, most frequently originating from upper lateral incisors of
both male and female patients from 16 to 60 years old, aimed at a more
detailed study of plasma cells (plasma cells ‡ PCs) structure and their
relation to Russell bodies (Rb). Particular attention was paid to the
point of Rb generation and localization as well as to the transitional
forms that exist in their "getting mature". The material was subject to
the standard treatment technique and ultra-thin sections, 40 ‡ 60 nm
thick were prepared on ultra-microtome NOVA-LKB with glass cutters.
Contrasting was done in a computerized apparatus ULTRO-
STEINER-LKB by means of uranil-acetate and lead nitrate. Transmis-
sion EM (electronic microscopy) was performed on electronic
microscope BS-500. On obtained preparations and elec-
tron-micrographs, there was noted constant presence of PCs that domi-
nate the inflammation. These cells generally exhibit the same structure,
but a great number of variations has been noted compared to the orga-
nization of the granulated endoplasmic reticulum (gER), presence of ri-
bosome and nucleoli, as well as the state of nucleus chromatin and
eventual presence of Rb. It was established that PCs may be seen in four
morphological types ‡ forms. Based on these forms it is possible to fol-
low the manner of Rb generation. The presence of Rb was found in one
PC type only, that is, inside dilated cisterns of granulated
endoplasmatic reticulum (gER). These structures are shown as spheri-
cal bodies of various sizes and moderate but compact and equal elec-
tronic density. The established presence of four PC shapes indicates
extraordinary dynamism of these cells, in that, the present shapes repre-
sent the possible Rb development phases.

Key words: dental granuloma, plasma cells, Russell’s bodies

Introduction

Up-to-date researches contribute to the the-
sis that in dental granuloma, humoral and cellu-
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imunitet u~estvuju u zapaljenjskim reakcija-
ma1,2. U }elijskom sastavu zubnog granuloma
vidno mesto zauzimaju plazma }elije (PC). Ove
}elije su imunoglobulin pozitivne sa multiplom
sekrecijom: IgG, IgA i IgM.1,3,4 Biolo{ki meha-
nizmi sinteze imunoglobulina u PC zubnog gra-
nuloma ~oveka nisu u potpunosti razja{njeni.
Op{te je prihva}eno da se ove }elije smatraju
producentima Russellovih tela{aca (Rt), koja se
uvek nalaze u PC (ili neposredno uz njih) kod
razli~itih infekcija hroni~nog tipa (nespecifi~ni
granulomi5,6, rinosklerom7, papilarni konjukti-
vitis8). Tako|e, ove strukture su prime}ene kod
poreme}aja serumskih proteina (makroglobuli-
nemija, paraproteinemije9,10,11) u normalnoj
crevnoj sluzoko`i12, kao i u hroni~nim }elijskim
infiltratima udru`enim sa malignim tumorima,
plazmocitomima i ostalim plazma}elijskim
neoplazmama.13,14,15 Kod pacijenata sa prima-
rnom i sekundarnom amiloidozom, Rt su otkri-
vena u kostnoj sr`i.16 Prema podacima iz litera-
ture, Rt se u zubnom granulomu pojavljuju u
80-86%5,6 ili ~ak 99% posmatranih uzoraka.17

Rt nisu patognomoni~na ni za jedno obo-
ljenje, odnosno "ne postoji nijedna bolest ili
patolo{ko stanje u kome bi se Rt isklju~ivo
javljala".18 S druge strane, ova tela{ca po Mo-
rtonu (1977) predstavljaju "kardinalan nalaz
hroni~nih periapikalnih lezija", ali njihovo pra-
vo zna~enje nije utvr|eno.19 Postoji mi{ljenje da
su PC sa intracelularnim Rt patolo{ko stanje
(Mottove }elije) i da se sre}u u autoimunim
bolestima.20 Tazawa (1998), Rt smatra intrace-
lularnim inkluzijama imunoglobulina koja
nastaju aktivacijom i diferencijacijom abera-
ntnih B1 }elija procesom (aberantne) mutacije,
pri ~emu Mott-ove }elije nisu efektori za auto-
imunu bolest.21 Valetti i sar. (1991) u opse`noj
studiji o Rt, pretpostavljaju da su ona proteinske
prirode (H i L lanci) i da predstavljaju op{ti
}elijski odgovor na nagomilavanje obilnih nera-
zgradljivih proteina koji ne uspevaju da iza|u iz
gER-a.22

Kori{}enjem imunocitohemijskog bojenja,
primenom PAP tehnike, u na{im prethodnim
istra`ivanjima nije pokazano prisustvo imuno-
globulinskih molekula u centru ili na periferiji
Rt. Me|utim, pozitivna reakcija i centra i pe-
riferije dobijena je u reakciji sa antitelima na
Ig-kappa lake lance, dok se pozitivna periferna
reakcija na neka druga monoklonska antitela
mogla tuma~iti i kao reakcija sastojaka mem-
brane gER-a.1

lar immunity participate in inflammatory reac-
tions. 1.2 In the cellular structure of a human den-
tal granuloma plasma cells (PC) take a
prominent place. These cells are immunoglobu-
lin-positive, with multiple secretion: IgG, IgA,
IgM.1,3,4 Biological mechanisms of immunoglo-
bulin synthesis in dental granuloma plasma
cells have not been completely clarified. It is
generally accepted that these cells are consid-
ered the producers of Russell bodies (Rb),
which are always found in PCs (or very close to
these) in various chronic infections (non-spe-
cific granulomas5,6, rhino-scleroma7, papillary
conjunctivitis8). These structures have also
been noticed in serum proteins disturbances
(macroglobulinemia, paraproteinemia9,10,11) in
normal intestinal mucous membrane12 , as well
as in chronic cellular infiltrates, jointly with
malign tumors, plasmocytomes and other
plasma cells neoplasm. 13, 14, 15 In patients with
primary and secondary amiloidose, Rb were
discovered in bone marrow.16 According to
data found in literature, Russell bodies, in den-
tal granuloma appear in 80‡86% 5,6 or even in
99% of the observed samples.17

Russell bodies are not pathognomonic for
any kind of disease, that is, "there is not a single
disease or pathological state in which Rb would
exclusively occur."18 On the other hand, accord-
ing to Morton (1977), these bodies represent
"cardinal finding of chronic periapical lesions",
although their actual meaning has not been es-
tablished.19 It is thought that plasma cells with
intracellular Russell bodies represent a patho-
logical state (Mott cells) and that these may be
encountered in auto-immune diseases.20 Ta-
zawa (1998) consider Russell bodies as intra-
cellular inclusions of immunoglobulin, gener-
ated by activation and differentiation of aber-
rant B1 cells by means of (aberrant) mutation
process and that Mott’s cells are not the effe-
ctors for autoimmune disease.21 Valetti et all
(1991) in a comprehensive study of Russell
bodies, presume that these are of protein nature
(H and L chains), representing general cellular
response to accumulation of abundant disso-
luble proteins not able to leave gER.22

By using immuno-hystochemical staining
(PAP technique) in our previous researches, we
found that there was no presence of immuno-
globulin molecules in Rb center or periphery.
However, the positive reaction (both of the cen-
tre and periphery) was the reaction of antibodies
to Ig-kappa light chains, while the positive mar-
ginal reaction to some other monoclonal anti-
bodies could be interpreted as the reaction of
gER membrane components.1
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Cilj ispitivanja

Ovo ispitivanje je preduzeto sa ciljem ele-
ktronomikroskopske procene prisutva PC u tki-
vu zubnog granuloma, njihovih karakteristika i
razli~itosti, kao i procesa nastajanja Rt, tj. odre-
|ivanja mesta njihovog stvaranja i "faznog ra-
zvoja".

Materijal i metode

Materijal

Materijal za istra`ivanje sa~injavalo je 20
zubnih granuloma, pacijenata starosti od 16 do
60 godina; 12 pacijenata bilo je `enskog, a 8
mu{kog pola. Materijal poti~e sa 20 zuba gornje
i donje vilice, naj~e{}e sa gornjih lateralnih se-
kuti}a (11 uzoraka). Svi pacijenti su bili u
klini~ki dobrom op{tem zdravstvenom stanju.
Granulomi su dobijani ili operativnim putem ili
ekstrakcijom zuba na Odeljenju za oralnu
hirurgiju Klinike za stomatologiju u Ni{u.
Granulomi su skalpelom pa`ljivo odvajani od
korena zuba, odmah stavljani u 10% pu-
ferizovani neutralni formalin gde su ostajali
najdu`e do 48 ~asova, ili stavljani u te~ni azot
gde su trenutno zamrzavani i ~uvani u komori za
duboko zamrzavanje na -60�C.

Metode

Od svakog granuloma je ura|eno po ne-
koliko serijskih preseka debljine 4 ‡ 6 �m radi
globalne histolo{ke verifikacije, pri ~emu su
daljoj obradi podvrgavani samo granulomi, dok
su uzorci cisti odmah eliminisani. Za elekro-
nmikroskopska prou~avanja se~eni su uzorci
debljine oko 1mm3 i podvrgavani dvostrukoj
fiksaciji (puferisani 3% glutaraldehid na +4�C,
4 ‡ 6 ~asova i 1% osmijumska kiselina na so-
bnoj temperaturi, 2 ‡ 3 ~asa), a zatim ugra|ivani
u epon 812 sa polimerizacijom na 60�C. Od
eponskih kalupa uzimani su polutanki preseci
debljine 0,5-1 �m i bojeni baznim fuksinom i
metilenskim plavilom. Ovi preseci su kori{}eni
za podrobniju histolo{ku analizu granuloma i za
odabiranja podru~ja sa kojih }e se uraditi ultra-
tanki preseci. Ovi preseci, debljine 40 ‡ 60 nm,
napravljeni su na ultramikrotomu NOVA-LKB
([vedska), a kontrastirani u kompjuterizovanom
aparatu ULTRO-STEINER-LKB sa uranil

The aims of research

This study was aimed at electro-microscopic
estimating of the presence of plasma cells in a
dental granuloma tissue, their characteristics
and diversities as well as Russell bodies genera-
tion processes, that is, determination of their
generation position and "phase development".

Material and methods

Material

The study material comprised 20 dental
granulomas of patients, 16 to 60 years old; 12
patients were females and 8 males. Material
source is from 20 upper and lower jaw teeth,
most frequently from upper lateral incisors (11
samples). All patients were in generally good
clinical health condition. Granulomas were ob-
tained either surgically or by teeth extraction at
Dental Clinic of Nis ‡ Oral Surgery Depart-
ment. Granulomas were carefully separated
from the tooth root by scalpel, immediately
placed in 10% buffered neutral Formalin, kept
there for 48 hours at most, or disposed in liquid
nitrogen, frozen immediately and kept in deep
freezing chamber at the temperature of -60o C.

Methods

Out of each granuloma, there were several 4
‡ 6 micrometers thick serial sections made for
the purpose of global histological verification,
in that only granulomas were subject to further
processing while the cysts samples were imme-
diately eliminated. For electronic microscopy
study approximately 1 mm3 thick samples were
cut and then these were subject to double fixa-
tion (buffered 3% glutaraldehide at +4oC, 4 ‡ 6
hours and 1% osmium acid at the room tempera-
ture, 2 ‡ 3 hours), and then incorporated in Epon
812 with polymerization at 60oC. Out of Epon
moulds there were taken semi-thin sections, 0.5
‡ 1.0 micrometers thickness and stained by base
fuxine and methylene blue. These sections were
used for more detailed histological analysis of
granulomas and for selecting the area to be used
for ultra-thin sections making. These sections
40 ‡ 60 nanometers thick have been made on ul-
tra-microtome NOVA-LKB (Sweden) and they
have been contrasted in the computerized appa-
ratus ULTRO-STEINER-LKB by means of ura-
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acetatom i olovnim nitratom. Transmisiona EM
vr{ena je na elektronskom mikroskopu BS-500,
Tesla, ^ehoslova~ka.

Rezultati

Plazma }elije, koje u osnovi imaju sli~nu
globalnu ultrastrukturu, u ovom ista`ivanju su
pokazivale velike varijacije u odnosu na organi-
zaciju gER-a, prisustvo lizozoma, prisustvo nu-
kleolusa, stanje jedarnog hromatina i, najzad, u
odnosu na prisustvo Raselovih tela{aca. Pla-
zmociti su se retko pojavljivali kao solitarni,
uglavnom su bili zgomilani (shodno klonalnoj
teoriji o udru`ivanju radi produkcije imunoglo-
bulina). Na osnovu tih svojstava, izdvojene su 4
varijante plazmocita:

1. Naj~e{}i tip plazmocita je poligonalnog
oblika, sa lako ekscentri~no postavljenim je-
drom. Jedro je ovalno i sa tipi~nom perifernom
distribucijom grubih heterohromatinskih grudvi
koje klinasto zalaze prema sredi{tu u euhro-
matin. Jukstanuklearno, na strani ve}e citopla-
zmatske mase, nalazi se svetla zona dobro razvi-
jenog Golgi aparata. U ostalom delu citoplazme
dominira gER, raspore|en u vidu polulu~nih i ko-
ncentri~nih membrana sa nizom ribozoma na
njihovoj spolja{njoj povr{ini. U citoplazmi se na-
lazi homogeni materijal niske elektronske gustine,
retke mikrovezikule, retka tamna lizozomalna
tela{ca i mnogobrojne mitohondrije (Sl. 1 i 2).

nil-acetate and lead nitrate. Transmission EM
has been made on electronic microscope
BS-500, Tesla, Czechoslovakia.

Results

In this study, plasma cells, of basically simi-
lar global ultra-structure, have shown great varia-
tions compared to gER organization, lysosomes
presence, nucleoli presence as well as to the
states of nucleus chromatin and finally, com-
pared to the presence of Russell bodies. Plasma
cells rarely appeared as solitary, they were
mainly accumulated, (according to clone theory
about joining for the purpose of immunoglobulin
production). Based on these characteristics there
were singled out four variants of plasma cells:

1. Most frequent plasma cell type has got a
polygonal shape, the nucleus of which is posi-
tioned slightly eccentric. The nucleus is oval, with
typical peripheral distribution of rough hetero-
chromatin clods; these penetrate wedge-shaped
toward the centre into euchromatin. Juxta-nu-
cleary, on the side of greater cyto-plasmatic
mass, there is a clear zone of well developed
Golgi apparatus. In the rest of cytoplasm, gER
dominates, arranged in thee shape of semi-arch
and concentric membranes with a series of ribo-
somes on their outer surface. In the cytoplasm
there is there is homogeneous material of law
electronic density, rare micro-vesicles, rare dark
lysosomal bodies and numerous mitochondria
(Figs. 1 and 2).

Slika 1. Grupa plazmocita sa tipi~nim citoplazmatskim
i jedarnim karakteristikama. Zapa`a se upadljivi Gold`i

aparat i citoplazma bogata gER-om. 2000x.
Figure 1. Group of plasma cells of typical cytoplasmatic and
nuclear characteristics. Conspicuous Golgy apparatus and

cytoplasm rich in gER are observed. 2000x

Slika 2. Plazmociti sa naizmeni~nim eu- i heterohromatinom
u jedru, retkim mitohondrijama i zgusnutim paralelnim

cisternama gER-a. 10400x.
Figure 2. Plasma cells of alternate euchromatin and

heterochromatin within the nucleus, rare mitochondria and
dense parallel gER cisterns. 10400x.
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2. Druga varijanta plazmocita poseduje ma-
nju koli~inu heterohromatina, obilje euhroma-
tina, ekscentri~ni nukleolus i veliki broj nukle-
usnih pora. U citoplazmi, gER je ne{to osku-
dniji, a u njegovim cisternama pojavljuju se
okrugla tela{ca ve}e elektronske gustine.
Gold`i zona je umereno izra`ena, a primarni i
sekundarni lizozomi su izuzetno retki. Mogu}e
je da ovi oblici }elija imaju deobnu sposobnost i
da spadaju u proplazmocite (Sl. 3).

3. Me|u plazmocitima uobi~ajenih karakte-
ristika, pojavljuju se i }elije relativno "svetlijih
jedara" sa mnogobrojnim umereno dilatovanim
cisternama gER-a unutar kojih je vi{e loptastih
struktura bez membrane sa ve}om elektrons-
kom gustinom (Sl. 4). U lumenima cisterni

2. Other plasma cells variant posses lower
hetero-chromatin quantity, huge amount of
euchromatin, eccentric nucleolus and numerous
nuclear pores. In cytoplasm, gER is somewhat
lower, and in their cistern, there is the occur-
rence of round bodies of higher electronic densi-
ties. The Golgy zone is moderately expressed,
and primary and secondary lysosomes are ex-
tremely rare. It is possible that these cell forms
have the capacity of division and that they be-
long to pro-plasma cells (Figure 3).

3. Among the plasma cells of customary
characteristics, there is the occurrence of rela-
tively "clearer" nucleus cells and numerous mo-
derately dilated gER cisterns, containing more
ball-like structures, without a membrane and
higher electronic density (Fig. 4) Within the

Slika 3. Plazmociti nagla{enog gER-a, umereno razvijenog
Gold`i aparata i mitohondrija, sa retkim tamnim tela{cima

unutar gER-a. 8000x.

Figura 3. Plasma cells of conspicuous gER, of moderately
developed Golgy apparatus and mitochondria and rare dark

bodies within gER, 8000x

Slika 4. Plazmociti sa svetlijim jedrima, malim brojem
mitohondrija i obilnom citoplazmom bogatom gER-om, ~ije su

neke cisterne jako dilatovane i mestimi~no ispunjene
pau~inastim i elektron gustim sadr`ajem. 8000x.

Figure 4. Plasma cells with lighter nuclei, small number of
mitochondria and ordinary gER- rich cytoplasm, some cis-

terns of which are highly dilated, partly filled with cob-
web-like contents and electron dense contents. 8000x.

gER-a, koji pokazuju nejednaku {irinu, prisutna
su tamna kru`na tela{ca jake osmiofilnosti. U
drugim cisternama, zapa`a se fibrilarni i pa-
hulji~asti sadr`aj, najve}im delom odvojen od
membrane gER-a svetlom zonom nejednake {i-
rine, koji formira "corona like" zonu (sl. 5).

4. Pojedine plazma }elije, pored standardnih
karakteristika, ispunjene su nagla{eno prisu-
tnim gER-om, ~ije su cisterne najve}im delom
paralelne, prete`no dilatovane, sa konti-
nuiranim ribozomalnim slojem na spolja{njoj
povr{ini membrana. Unutar cisterni nalazi se
grub pahulji~asti sadr`aj nejednake elektronske

lumens of gER cisterns, which show unequal
width, there are dark round bodies present, of
strong osmiofility. In other cisterns, there may
be noted fibrilar and flake-like contents de-
tached in most of its part from gER membrane
by a clear zone of unequal width, which forms
"corona like" zone (Figure 5).

4. Certain plasma cells, apart from standard
characteristics, are filled with markedly present
gER, the cisterns of which are in most part par-
allel, mostly dilated, of continual ribosomal
layer on outer membrane surface. Inside the cis-
terns there is rough flake-like contents of un-
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gustine i slojevitog rasporeda (Sl. 6). To su
"inclusio-like" formacije promenljive veli~ine.
Kod ovih tipova plazmocita, u dilatovanim

equal electronic density and distribution layers
(Fig. 6). These are "inclusion-like" formations
of variable size. In these types of plasma cells, in

Slika 5. Jedro plazmocita je relativno euhromati~no (gore
desno) a cisterne gERa su jako dilatovane sa tela{cima jake

elektronske gustine i pahulji~astim sadr`ajem, ome|ena
svetlim haloom od membrane cisterni. 28000x.

Figure 5. Plasma cell nucleus is relatively euro-chromatic
(top right) and gER cisterns are highly dilated with bodies of
strong electronic density and flake-like contents, marked with

light halo from cistern membranes. 28000x.

Slika 6. Vi{e dilatovanih cisterni gER-a, od kojih je jedna
izrazito pro{irena sa amembranskom “inkluzijom”, sa

koncentri~no raspore|enim sadr`ajem nejednake elektronske
gustine, okru`ena {irokim svetlim haloom. 114000x.

Figure 6. Numerous dilated gER cisterns, one of which is ex-
tremely enlarged with a-membrane “inclusion” with concen-

trically distributed contents of unequal electronic density,
surrounded by wide light halo. 114000x.

cisternama gER-a, mogu se videti loptasta
homogena tela{ca, umerene, ali kompaktne i
jednake elektronske gustine. Ove strukture
odgovaraju strukturi Russellovih tela{aca (Sl.
7). Kao i kod svih prethodnih "inkluzionih"
struktura, tako i kod Russellovih tela{aca, u
najve}em delu njihove cirkumference, postoji
svetli halo koji ih odvaja od membrana gER-a
(Sl. 6 i 8).

dilated gER cisterns there may be seen ball-like
homogeneous bodies of moderate but compact
and equal electronic density ‡ these correspond
to the Russell’s bodies structure (Fig. 7). Like in
all previous "inclusion" structures, in Russell’s
bodies, as well, in the greatest part of their cir-
cumference, there is a clear halo that detaches
them from gER membranes (Figs. 6 and 8).

Slika 8. Detalj sa prethodne slike koji pokazuje vi{e Rt,
gotovo kru`nog oblika i homogene gra|e, koji mestimi~no

kontaktiraju sa unutra{njim zidom gER-a. 46800x.
Figure 8. Detail of the previous figure, showing numerous

Rbs of almost round shape and homogeneous structure which
partially contacts the gER internal wall. 46800x.

Slika 7. Mikrografija prikazuje nejednako dilatovane cisterne
gER-a ispunjene homogenim elektron gustim Russell-ovim

tela{cima, okru`enim svetlim haloom prema zidu cisterne. 8000x.
Figure 7. Micrograph shows unequally dilated gER cisterns
filled with homogeneous electron dense Russell bodies, sur-

rounded by light halo towards the cistern wall. 8000x.
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Diskusija

Nesumljivo je visokoprocentno prisustvo
PC u zubnom granulomu ~oveka (do 80 % }e-
lijskog sadr`aja) kao odgovor na iritativne
stimuluse izazvane bakterijama i njihovim
toksinima, kao i mnogobrojnim produktima
dekompozicije tkiva prisutnim u nekroti~noj ili
gangrenski raspadnutoj pulpi. Stereometrijska
ispitivanja u prethodnoj studiji, utvrdila su da
od ukupne zapremine granuloma na PC otpada
2,68%.1 Tako|e, PC imaju najve}u numeri~ku
(NV) i najve}u povr{insku gustinu (SV) od svih
}elija u granulomu, {to govori o njihovoj
izuzetnoj funkcionalnoj aktivnosti.1 Aktivnost
PC u smislu sinteze imunoglobulina otkrivena
je jo{ 1948, od kada je postala predmet inten-
zivnog prou~avanja. Fisher i Zbigniew (1970)
opisuju "normalne" PC10, a Toppozada i sara-
dnici (1981) "reaktivne"PC.7 Na{a ispitivanja su
potvrdila veliku funkcionalnu aktivnost PC koji
se javljaju u ~etiri morfolo{ka tipa-oblika. Drugi
autori, bave}i se problemom paraproteinemije i
plazma}elijskog mijeloma, na osnovu izgleda
gER-a, elekronomikroskopski opisuju {est
tipova.10,13

Prema podacima iz literature, ultrastukturne
studije pokazuju da citoplazma PC sadr`i obilje
vezanih i malu koli~inu slobodnih ribozoma, {to
je u korelaciji sa njihovom funkcijom.12,23 Sem
paranukleusne regije, gde se nalazi Gold`i apa-
rat, ostali deo citolazme, a naro~ito njena peri-
ferija, ispunjena je dobro razvijenim gER-om.
Izgled cisterni gER-a zavisi od aktivnosti PC:
kod neaktivnih, cisterne pokazuju sliku kon-
centri~nog membranoznog sistema, dok su kod
aktivne sinteze u }eliji, one jako pro{irene i
prepunjene pahulji~astim sitnozrnastim mate-
rijalom-proteinom. Nagomilavanjem ovog
proteina formiraju se Rt. Ova pojava verovatno
odra`ava neko patolo{ko stanje, po{to se u
normalnim uslovima stvoreni polipeptidi (deo
imunoglobulinskog molekula) transportuju do
Gold`i kompleksa gde se ugra|uje
polisaharidna komponenta.24 Gray i Doniach
(1970) konstatuju da je "u svakom slu~aju
zbunjuju}a karakteristika mesto Rt unutar }elije
po{to njihovi konstituenti obuhvataju ugljene
hidrate".12 Poznato je da se u sintezi
glikoproteina, proteinska komponenta stvara u
cisternama gER-a, a polisaharidna komponenta

Discussion

There is no doubt that there is a high presence
of plasma cells in human dental granuloma (up to
80% of the cell contents), as a response to irrita-
tion stimuli caused by bacteria and their toxins as
well as by numerous products of tissue decompo-
sition, present in necrotic or gangrene decayed
pulp. Some stereometric examinations in the pre-
vious study, established that from the total
granuloma volume, plasma cells make 2.68%.1

They have, as well, the greatest numerical den-
sity (Nv) and greatest surface density (Sv), of all
granuloma cells, which tells on their extreme
functional activity. 1 Plasma cells activity, in the
sense of immunoglobulin synthesis, was discov-
ered in 1948 and since then, that activity has been
the subject of intensive study. Fisher and
Zbigniew (1970) describe "normal plasma cell"10

and Toppozada et all, talk about "reactive
plasma cell". 7 Our study confirmed a great func-
tional activity of plasma cells, describing their
four morphological shape-types. Other authors,
dealing with the problem of paraproteinemia and
plasma-cell myeloma, and based on the appear-
ance of gER obtained by electro-microscopy, de-
scribed six types of plasma cells .10, 13

According to the data that may be found in
literature, ultra-structural studies show that PC
cytoplasm contains huge quantity of bound and
small quantity of free ribosomes, which is corre-
lated to their function. 12, 23 Except the
paranuclear region, where Golgy apparatus is
located, other part of cytoplasm and particularly
its periphery, is filled with well developed gER.
The appearance of gER cisterns depends on the
PC activities: in inactive ones, the cisterns show
the image of concentric membrane-like system,
while in case of cell active synthesis, these are
very enlarged and overfilled with flake-like
small-grained material ‡ protein. By this pro-
tein accumulation, Russell bodies (Rb) are be-
ing formed. This phenomenon probably reflects
some pathological state, since polypeptides
formed in normal circumstances (part of immu-
noglobulin molecule), are transported to Golgy
complex where the polysaccharide component
is incorporated. 24 Gray and Doniach (1970),
state that "in any case, the characteristic contrib-
uting to confusion is the location, Russell bodies
occupy within the cell since their constituents
include carbohydrates".12 It is known that in
glycoproteins synthesis the protein component
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dodaje u Gold`i kompleksu. Ovako obrazovan
sekret se transportuje do plazma membrane i
tamo osloba|a procesom obrnute pinocitoze.
Zbog toga je paradoksalno prisustvo glikopro-
teina u formi Rt unutar gER-a, jer to upu}uje ili
na obrnuti pravac toka od Gold`i aparata, ili na
to da se polisaharidna komponenta proteinu
dodaje unutar gER-a. Bez obzira o kome na~inu
se radi, u osnovi nastanka Rt mogao bi da stoji
funkcionalni poreme}aj PC sa produ`enom ili
hiperaktivnom sekrecijom inunoglobulina.12

PC su hiperaktivni u produkciji imuno-
globulina.24,25 Granulirani endoplazmatski reti-
kulum je intracitoplazmatski odeljak za sintezu,
segregaciju i komformacione promene u smislu
savijanja rastvorljivih proteina. Ukoliko do|e
do promena, kontrolni sistem gER-a otkriva
nepotpuno ili pogre{no savijanje (nabiranje)
proteina i njihove mutacije, pri ~emu mo`e
reagovati na tri na~ina: neke proteine razla`e,
druge izbacuje iz }elije, a tre}e zadr`ava u
gER-u, gde se akumuli{u kao Rt.16 Me|utim,
Tagger i sar. (2000) smatraju da nagomilani
globulini dovode do rasprskavanja PC.26 Pla-
zma }elije su opremljene proteoliti~kim apa-
ratom koji elimini{e o{te}ene, pogre{no
savijene i nepravilno ili neta~no udru`ene
proteine. Tako se smatra da su Rt manifestacija
}elijskog nerazlaganja u gER-u i citoplazma-
tskim odeljcima. To dovodi do nagomilavanja
proteina. Ona su, dakle, posledica slabog fun-
kcionisanja u procesu savijanja (nabiranja)
proteina ili njihovog udru`ivanja i transporta.
Postoji i mi{ljenje da su Rt i agrezomi izraz
}elijske fagocitoze u gER-u koji nije u stanju da
ih elimini{e zbog otkazivanja mehanizma
degradacije. 27,28

Svi zubni granulomi, podvrgnuti ovom
ispitivanju, sadr`avali su PC, a 85% njih i Rt
kao jednu od zna~ajnih karakteristika ovog hro-
ni~nog zapaljenjskog procesa. Druga karakte-
ristika je postojanje {irokih morfolo{kih
varijacija PC, naro~ito u odnosu na prisustvo Rt.
Svi istra`iva~i su jedinstveni u oceni da ova
tela{ca nastaju u PC. Plazma }elije nemaju evid-
entnu fagocitnu aktivnost, ve} im je isklju~iva
funkcija sinteza i sekrecija antitela.23 Ova fu-
nkcija PC je predmet neprekidnog prou~avanja
pri ~emu se, naro~ito poslednjih godina, one
}elije koje sadr`e Rt ponovo nazivaju starim
terminom, "Mottove }elije". Prema podacima iz
literature, postoje dve hipoteze o poreklu i

is being generated in gER cisterns and
polysaccharide components, being added in the
Golgy complex. Such formed secretion is trans-
ported to plasma membrane and released by
means of the revert pinocytose process. For that
reason, the presence of glycoproteins in the
form of Russell bodies within gER is paradoxi-
cal, because it indicates either the revert flow di-
rection from the Golgy apparatus or the poly-
saccharide component being added to the pro-
tein within gER. Regardless of the manner, the
generation of Russel bodies may be related to
PC functional disturbance with prolonged or
hyperactive secretion of immunoglobulins. 12

Plasma cells are hyperactive in immuno-
globulin production.24, 25 Granulated endopla-
smatic reticulum (gER) represent intra-cy-
toplasmatic area for synthesis, segregation and
conformational changes in the sense of soluble
proteins bending. In case of changes occur-
rence, gER control system detects incomplete
or wrong bending (wrinkling) of proteins and
their mutations, in that, it can react in three
ways: it degrades some proteins, expels other
from the cell and it keeps the third ones in gER,
where these are accumulated as Russell’s bod-
ies. 16 However, Tagger et all, think that the ac-
cumulated globulines cause plasma cells
blow-out. 26 Plasma cells are equipped with
proteolitic apparatus that eliminates damaged,
wrongly bent and irregularly (incorrectly) asso-
ciated proteins. Thus, Russell bodies are consid-
ered a manifestation of the cells, non-degrading
within gER and cytoplasmatic areas. It leads to
proteins accumulation. Therefore, it is the result
of weak functioning in the proteins bending pro-
cess or their association and transport. It is also
thought that Russell bodies and aggresomes are
the expression of a cell phagocytosis within
gER, which is not able to eliminate them due to
degradation mechanisms failure. 27, 28

All dental granulomas presented in this study
contained plasma cells, and 85% of them Russell
bodies, as well, as one of major characteristics of
this chronic inflammation process. The other
characteristic is the existence of wide variations
of plasma cells, particularly related to the pres-
ence of Russell bodies. All researchers have a
unique opinion that these bodies are generated in
PCs. Plasma cells do not have an evident
phagocytic activity but the exclusive function of
antibodies synthesis and secretion. 23 This func-
tion of PC is constantly the subject of study, in
that, particularly during the previous years, those
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produkciji Rt. Po prvoj, Rt se javljaju kao
rezultat intranukleusne proteinske sinteze,
zatim se okru`uju troslojnom unit membranom i
"ispu{taju" u perinukleusni prostor, odakle idu
uobi~ajenim sekretornim putem preko gER-a.
Po drugoj hipotezi, Rt se uglavnom produkuju u
cisternama gER-a, re|e u perinukleusnom
prostoru. Deo tog prostora, zajedno sa Rt, zalazi
u nukleoplazmu i komprimuje unutra{nji deo
membrane jedra. Ovaj proces dalje dovodi do
stvaranja i intranukleusnih Rt ograni~enih samo
jednom unit membranom.18 Rezultati na{ih EM
ispitivanja idu vi{e u prilog drugoj hipotezi,
po{to se veoma dobro mogu pratiti morfolo{ke
faze u razvoju Rt, koja po~inju kao pau~inasta
elektron svetla masa unutar lumena cisterni
gER-a.

Zaklju~ak

U ovom istra`ivanju ustanovljeno je da su
svi ispitivani zubni granulomi sadr`avali PC.
Ove }elije su pokazivale {iroke morfolo{ke
varijacije (~etiri tipa), naro~ito u odnosu na
prisustvo Rt, koja su se pojavljivala u 85%
uzoraka. Ultrastrukturno, Rt se nalaze unutar
dilatovanih cisterni gER-a u vidu sferi~nih
tela{aca umerene, ali kompaktne i jednake ele-
ktronske gustine. Ustanovljeno mnogobrojno
prisustvo Rt u tkivu zubnog granuloma ~oveka
predstavlja interesantan i gotovo jedinstven
fenomen u ~ijoj osnovi stoji akumulacija
imunoglobulina ili njihovih konstituenata i koji
je najverovatnije rezultat nekog sekretornog
poreme}aja PC ili jedan od oblika eliminacije
istro{enih PC.

Rad je posve}en se}anju na Profesora

Doj~ina Doj~inova (1927‡2004), za~etnika

ovih istra`ivanja.

cells which contain Russell bodies are called
again by old term "Mott cells". According to
some literature data there are two hypotheses
about the origin and production of Russell bod-
ies: According to the first one, Russell bodies are
occurring as the result of intra-nucleus protein
synthesis, and then, they got surrounded by a
three-layer unit membrane and "dropped" in the
peri-nuclear space, from where they go further
by the customary secretion way via gER. Ac-
cording to the second one, Russell bodies are
produced mainly in gER cisterns and more rarely
in perinuclear space. A part of that space with
Russell bodies penetrates the nucleoplasm and
compresses internal part of nucleus membrane.
This process further results in generation of
intranuclear Russell bodies, limited by only one
unit membrane.18 The results of our EM studies
contribute more to the second hypothesis, be-
cause the morphological phases in the Russell
bodies development that start as cobwebby elec-
tron clear mass inside the gER cistern lumen,
may be followed in a very good way.

Conclusion

In this research, we came to conclusion that
all of examined dental granulomas have con-
tained PC. This cells have been showing wide
morphological variety (four tipes) especially re-
garding the presents of Rts which were appearing
in 85% of speciment. In terms of ultrastructure,
Russell bodies are located within dilated gER
cisterns, in the form of spherical bodies of mod-
erate, by compact and equal electronic density.
The established great presence of Russell bodies
in the human tooth granuloma represent an inter-
esting and almost unique phenomenon, based on
immunoglobulines or their components accumu-
lation, most likely as the result of some secretory
disturbance of PCs or one of the forms of worn
plasma cells elimination.

This paper is devoted to Professor Dojcin

Dojcinov, histo-pathologist (1927 ‡ 2004),

who initiated this study.
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