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INTRODUCTION

Interferons are natural cytokines with a variety of biological effects including
antiviral, antiproliferative, antifibrogenic and antianiogenic properties (Hiramatsu
et al.,, 1995; Muriel 1996; Kim et al., 2000). Intcrferons inhibit transcription and
translation of a number of RNA and DNA viruses as well as the growth and prolife-
ration of a variety of cells (Theocharis et al., 1997). Furthermore, interferons could
alleviate fibrosis and inflammation {(Mazzoran et al., 1998). The iwo main members
of interferon I family namely interferon alpha and beta have gained special valuc as
they proved to be successtul in treatment of chronic viral infections, myoprolifera-
tive disorders and autoimmune discases. Interfcron alpha is the only available effec-
tive trcatment for chronic viral hepatitis C (Kaserer et al., 1998; Duchatelle et
al.,1998). It is also used in chronic hepatitis B, chronic non A non B hepatitis and
chronic delta hepatitis (Yoo et al., 1990; Kleiner et al., 1993; Manabe et al., 1993).
Moreover, it is uscful in reversing liver damage induced by biliary obstruction
(Moreno & Muriel 1995). Through its immunomodulatory activity, interferons de-
crease the incidence of severity of precancerous lesions (Merle et al., 1997). It is
also efficacious in treatment of pancreatic tumors, renal cell carcinoma. chronic
myelogeneous leukemia, hairy cell lcukemia, cutancous melanoma and polycythe-
mia (Lamers 1990; Baer et al,, 1992; Toliou et al,, 1996; Bose et al., 1997; Elliot
& Tefferi 1997; Otely & Zitelli 2000).

Despile of the variation in the etiology of the diseases treated by interferons
and the different types of immune responses thought to be required to control them,
interferon I is able to provide effective therapy. It is likely that interferon induced
marked changes in the immune status which depend on its ability to influence the
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diffcrentiation of B and T lymphocytes and increase lymphocyte adhesion to endo-
thelial cells by up-regulation of adhesion molccules (Steinger & Van Der Meide,
1993). Among its other immunological effccts, interferons provoked activation and
proliferation of monocytes, macrophages, cytotoxic T cells and natural killer cells
eliciting long lasting tumor specific immunity (Eguchi et al., 2003), These changes
were accompanicd by augmented expression of surface activation markers on the ef-
fecter cells (Suzuki et al., 2002).

Reviewing the literature demonstrated that alpha interferons inhibited the spon-
taneous apoptosis of primary B lymphocytes and promoted survival of peripheral B
lymphocytes enhancing immune responses (Ruuth et al., 2001), Few data, however
are available about the morphological changes induced by alpha interferon, the dif-
ferent phases of ccll cycle and DNA content in lymphocyte populations of the differ-
ent lymphoid organs.

On the other hand, several faclors were identified to influence and limit the re-
sponse to interferon therapy negatively. Among these factors are the long duration
of the disease, the clevated histological indexes, the high levels of the virus, alcohol-
ism, and the high age of the paticnts (Ono et al., 1996; Kaserer et al., 1998). Aging
in particular is associated with dysfunction of immune system and deterioration of
immunity. Dramatic decline of pre-B cells number and reduced proliferative capaci-
ty of both T and B lymphocytes as well as the germinal ccaters are common consec-
utive changes of aging (Johnson et al., 2002; Blasco, 2002). Moreover, the process
of aging has been proposed to be associated with gradual accumulation of destruc-
tive products of endogenously generated free radicals. The consequences of endoge-
nously generated radicals arc usually estimated in terms of damage to macromole-
cules most notably lipids, proteins and DNA (El-Sokkary et al., 2003).

Hence, it becomes the aim of the present work to clarify the senile changes that
are likely to occur in the spleen of mice. Furthcrmore, the present study aimed at in-
vestigating and comparing the morphological changes, the phascs of the cell cycle
and the DNA content in adult and senile spleen following interferon alpha adminis-
tration, Tt is believed that the spleen is a major repository of immune cells in the
body that can reflect any changes in the immune status. The evaluation of immuno-
logical status before initiation of trcatment might be of great clinical importance as it
has a major influence on the effects and outcome of interferon therapy.
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MATERIAL AND METHODS

Mice :

Forty CBA male mice locally bred at the animal house of the Research Unit
and Bilharzial Research Center of Faculty of Medicine, Ain Shamus University were
used in the present study. Adult mice aged 3 - 4 months and weighed 25 - 30 grams,
Senile mice aged 18 - 24 months and weighed 30 - 35 grams. Animals were housed
in separate cages, fed on standard mice diet and allowed water ad-libitum.

Interferon :

Alpha interferon was available as vials of "Interon A, injection” (Schering
Phough USA). Each vial comtained 3 million TU of interferon Alpha 2b. Vials werc
reconstituted with 1 ml of sterile water and stored at temperature 2 - 8¢°, each mice
received 3.3 x 10* 1u / kg B.W. Interferon was diluted 1o the appropriate concentra-
tion in sterile water of sufficient volume for a single dose for cach group of mice.
The dose and regimen given were equivalent and similar to human therapeutic dose
(Theocharis et al., 1997). At the beginning of the experiment mice were divided
into four groups as follows :

GroupI':
It included five adult mice and served as adult controls to study the histological
structure of adult splcen.

Group 11
It included five senile mice and scrved as scnile controls to study the age relat-
ed changes in the spleen.

Group III :

It included 15 adult mice of which ten mice received 1000 TU of interferon al-
pha subcutaneously. The dose was given three times a week for three months. Five
mice received equivalent sterile water, injected subcutaneously for the same dura-
tion and served as controls.

Growp 1V :
1t included 15 senile mice of which ten mice received 1200 TU of interferon al-
pha subcutaneously. The dose was given threc times a week for three months, Five
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mice received equivalent sterile walter, injected subcutanecously for the same dura-
tion and served as controls.

At the end of the experiment all experimental animals were sacrificed by intra-
peritoneal injection of sodium thiopental (25 mg / kg). The abdomen was incised
and the spleens were dissected and extracted. Specimens for light microscopic stud-
ies were fixed in 10% formol saline. After fixation, tissues were dehydrated, and
embedded in paraffin blocks. Sections of 5 um in thickness were cut and stained
with Haematoxylin and Eosin (Hx. & E.) and Feulgen blue stain specific for nuclear
DNA. Specimens for electron microscopic studies were cut into small pieces 1 mm?
in thickness, fixed in 2.5% glutraldehyde in phosphate buffer for 3 hours. Fixed tis-
sues were washed in 0.1 M-phosphate buffer and post fixed in 1% osmium tetra ox-
ide in 0.1 M-phosphate buffer. Dehydration in ascending grades of alcohol was fol-
lowed by embedding in epon. Semithin sections 1 pm werc cut using L.K.B,
ultramicrotome and stained with toluidine blue. Ultrathin sections were cut and
stained with uranyl acetate and lead citrate, examined and photographed with Philips
400 T.E.M.

Image analysis :

The DNA was analyzed at the pathology department of the National Research
Center using the Leica Qwin 500 Image Analyzer. DNA ploidy analysis was per-
formed on the Feulgen blue stained sections using the DNA cytometry soft ware. Se-
Iection of nuclear boundaries was performed automatically by the image analysis
system. Only intact nuclei were measured, overlapping nuclei and nuclear fragments
were manually eliminated from measurements. The optical density of the selected
nuclei was measured and automatically converted by the system into DNA conient.
About 100 - 150 nuclei were measured in serial sections on magnification (x 400).
The results were displayed as a frequency histogram on the moniter by plotting
DNA content versus the number of nuclei. Based on the peaks produced by the his-
tograms, the percentage of cells at each phase of cell cycle and their DNA content
were calcnlated automatically. The results were analyzed using student t-test to com-
pare the mean values and Z test compare the percentage of the cells.

RESULTS
Group I & Controls of Group IIT :

Light microscopic examination of the spleen of adult mice revealed that the
spleen exhibited prominent discrete white pulps suspended throughout the red pulp.

=90 -


echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle


Distinct demarcation was evident between the white and red pulps. The white pulp
of the spleen existed in three discrete zones namely the periarteriolar lymphatic
sheath (PALS), the lymphatic follicles and the marginal zone. The PALS consisted
of closely packed small lymphocytes surrounding the arterioles in a rather regular
pattern. The lymphatic follicles were rounded or oval aggregates of small lymphocy-
tes. The lymphocytes manifested dense rounded nuclei and relatively small amount
of cytoplasm. Both the (PALS) and the lymphatic follicles were surrounded by a
marginal zone which appeared as a pale thin rim of less densely packed small lym-
phocytes with few interposed large lymphocytes (Fig. 1). The red pulp appeared as
irregular cords of red blood cells mingled with few lymphocytes. The cords were
separated by venous sinuses (Fig. 2).

Ultrastructural examination clarified that small lymphocytes were predominant
in the PALS and the lymphatic follicles. Small lymphocytes were characterized by
high nuclear cytoplasmic ratio. The nuclei were rounded or oval in shape with prom-
inent nucleolus and moderately condensed chromatin which appeared as coarse
clumps. The cytoplasm was sparse and contained very few mitochondria and com-
paratively large number of poly-ribosomes (Fig. 3). Large lymphocytes were noticed
mainly in the marginal zone. They had indented nuclei with peripherally condensed
chromatin and rounded nucleolus. The cytoplasm was relatively abundant and con-
tained numerous rounded mitochondria, few cisterns of rough endoplasmic reticu-
lum, Golgi complex and numerous polyribosomes distributed throughout the cyto-
plasm (Fig. 4),

DNA Analysis of Group I & Controls of Group I : (Tables 1, 2)

DNA analysis of Feulgen blue stained sections of the spleen of adult mice, re-
vealed that the majority of lymphocytes (75.22%) were at G; phase (presynthesis
phase) of the cell cycle. The mean value of DNA was 1.94 1 0.26. The percentage of
lymphocytes at S phase (synthesis phase) of cvcle was 16.51% showing a medium
proliferative index. Their mean DNA valuc was 2.85 + 0.29. On the other hand few
lymphocytes (6.42%) were at Go phase (arrcsted phase) with a mean value of DNA
1.43 £ 0.5. Furthermore very few lymphocytes (0.92%) were noticed at G, phase
(post duplication phase) with a mean value of DNA 3.63 £ 0. Other lymphocytes
(0.92%) were at the aneuoploid phase with a mean value of DNA 4.515 % 0.

-91 -


echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle


Group 11 & Controls of Group IV :

Light microscopic cxamination of the splecn of senile mice showed marked re-
gression of the white pulps throughout the prominent red pulps. The loss of lym-
phoid cells was apparent in both white and red pulps. Moreover, the distinct demar-
cation between the zones of white pulp was ill defined (Figs. 5, 6 & 7). The PALS
consisted of sparse lymphocyics that surrounded the arterioles in an irregular pat-
tern. The arteriolar wall exhibited multiple vacuolation involving the entire circum-
ference, irregular endothelial lining and marked thickening of the muscle layer (Fig.
6). The lymphatic follicles were either shrunken or irregular in shape and exhibited
marked depletion of lymphocytes. Marginal zones no longer existed as a discrete
compartment that could be distinguished from the red pulp and it appeared almost
devoid of lymphocytes (Figs. 6, 7). The red pulp contained numerous extensive red
blood cells, located within dilated sinuses. Mcanwhile, the red pulp showed deple-
tion of tymphocytic cells (Fig. 7).

Ultrastructural examination clarified that lymphocytes manifested various
forms of degencration. Small lymphocytes though exhibited rounded nuclei with
peripherally condensed chromatin, yet their cytoplasm was degencrated and ill de-
fined. The plasmalemma was disrupted and the lymphocytes lacked the distinct cel-
lular boundaries (Fig. 8). On the other hand, large lymphocytes manifested marked
degencrative changes mainly in the cytoplasm and to a lesser extent in the nuciei. In
the majority of the lymphocytes the cytoplasm presented multiple vacuolar degener-
ation, irregular in shape and variable in size (Fig. 9). The cytoplasmic organellcs
were ill defined apart from few scattered lysosomes (Fig. 10). Other lymphocytes
showed in addition to the cytoplasmic degeneration, osmiophillic, pyknotic nuclei,
reduced in size and with totally condensed chromatin (Figs. 10, 11). Moreover. the
degenersated lymphocytes showed large cytoplasmic blebs or vesicles protruding
from the cell surface and enclosed by a plasmic membrane (Fig. 11).

DNA analysis of Group IT & controls of Group IV : (Tables 1, 2)

DNA analysis of the Feulgen blue stained sections of the senile mice revcaled
that the majority of lymphocytes (66.34%) were at G, phase showing non signifi-
cant variation than adult mice (P > 0.05). Similarly the mean value of DNA was 1.97
£ 0.280 manifesting non significant variation than adult mice (P> 0.05). The per-
centage of cells at S phase was 18.26% showing a medium proliferative index and
non significant variation than adult mice (P > 0.05). The mean value of DNA was
2.807 + 0.230 showing again non significant variation than adult mice (P > 0.05).
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On the other hand the percentage of cells at Gy phase (15.38%) was significantly in-
creased (P < 0.05) and the mean DNA value (1.302 + 0.191) was significantly re-
duced (P < 0.01). No lymphocytes could be detected at G, phase nor at the aneuo-
ploid phase of cell cycle.

GroupIl:

Light microscopic examination of the splcen of adult mice which received in-
terteron revealed that the spleen cxhibited impressive, prominent white pulps even
encroaching on the regressed red pulp. The distinct zones of the white pulp were
amalgamated togcther forming a confluent mass of lymphocytes (Fig, 12). The de-
gree of condensation of lymphocytes was variable, some areas showed highly con-
densed and closely packed lymphocytes. while other areas manifested loosely
packed lymphocytes (Fig. 13). Most of the lymphocytes had large dark basophilic
nuclei surrounded by a narrow rim of cytoplasm (Fig. 12). The red pulp contained
tfew scattered red blood cells and obliterated sinuses (Figs. 13, 14). The characteris-
tic finding was the presence of clusters of lymphocytes with dark basophilic nuclei
and narrow rim of cytoplasm, invading the red pulp (Fig. 13). Numerous megakar-
yocytes were noticed infiltrating the white pulp. The megakaryocytes were large
giant cells which exhibited irregular multilobed nuclei and extensive cytoplasm
(Figs. 13, 14).

Ultrastructural examination, clarified signs of activation, and prolitcration in
the majority of the lymphocytcs. The nuclei exhibited either enlarged. dispersed and
homogenous chromatin (Fig. 15) or manifested loss of nuclear membrane, nucleolus
and in such cases the chromatin, appcared as multiple dense blocks that were ar-
ranged approximately on cither sides of the cell (Fig, 16). The cytoplasm had strik-
ing extensive prolifcration of the rough endoplasmic reticulum which occupied the
entire of the cytoplasm, The rough endoplasmic reticulum was concentrically ar-
ranged and consisted of regular cisterns almost of uniform diameter apart from few
slightly dilated cisterns (Fig. 17). Other lymphocytes manifested partially euchro-
matic nuclei their cytoplasm contained few dilated cisterns of rough endoplasmic re-
ticulum, scattercd mitochondria and numerous free ribosomes (Fig, 18). Occasional-
ly, the present study revealed that the plasmic membranes of some lymphocytes
were opposed and adherent at localized sites bul without specific cytological spe-
cialization in the area of contact (Fig. 19).
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DNA analysis of group III : (Tables 1, 2)

DNA analysis of Fculgen blue stained sections of spleen of adult mice which
received interferons revealed prominent alterations. The majority of lymphocytes
(55.66%) were at S phase showing high proliferative index and high significant in-
crease than adult control (P < 0.001). Moreover, the mean DNA value was 3.032 +
0.274 manifesting also high significant increase than the adult control (P < 0.01),
The percentage of lymphocytes at G, phase (23.59%) was significantly increased
than adult control (P < 0.001) and their mean DNA value was 3.86 + 0.198. The
lymphocytes at G, phase were significantly reduced (16.04% P < 0.001). However,
the mean DNA value was 2,152 + 0,22 showing significant increase than adult con-
trol (P < 0.05). Ancuoploid phase cells were significantly increased to 4.72% (P <
0.01), their mean DNA value 5.408 + 0.682. On the other hand, lymphocytes at G,
could not be detected and showed high significant decrease (P < 0.01).

GroupIV:

Light microscopic examination of the spleen of scnile mice which received in-
terferons clarified distorted splenic architecture. Multiple areas of depletion were en-
countered in the white pulp and numerous extensive vacuolation was noticed in the
red pulp. The lymphocytes were diffuscly scattered without discrimination into
zones (Figs. 20. 21). Inspite of the encountered depletion, the existing lymphocytes
had large prominent basophilic nuclei surrounded by a rim of cytoplasm (Fig. 20).
Megakaryocytes were infiltrating both white and red pulps (Figs. 20, 21). The red
pulp consisted only of few red blood cells irregularly arranged between numerous ir-
regular vacuoles (Fig. 21).

Ultrastructural studies revealed that the small lymphocytes had intact nuclei,
and their cytoplasm showed numerous ribosomes. However, small lymphocytes cx-
hibited slight widening of the perinuclear space (Fig. 22). Regarding large lymphoc-
ytes, the nuclei had peripherally condensed chromatin. the cytoplasm contained mul-
tiple. dilated cisterns of rough endoplasmic reticulum scattered within the cyto-
plasm, The dilated cisterns showed partial detachment of ribosomes (Fig. 22). Other
cells exhibited slight proliferation of the rough endoplasmic reticulum (Fig. 23).

DNA analysis of group TV : (Tables 1, 2)

DNA analysis of Feulgen blue stained sections of senile mice which received
interferons clarified that the majority of lymphocytes (47.53%) were at S
phase with a high proliferative index. The percentage of lymphocytes at $ phase was
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significantly higher than senile control (P < 0.001). Moreover, the mean DNA value
was 2.998 + 0.273 significantly increased than senile controls (P < 0.01). The per-
centage of lymphocytes at G, phase (21.78%) was significantly higher than senile
controls (P < 0.001) and the mean DNA was 4.010 + 0.317, The lymphocytes at G,
phase showed highly significant decrcase (20.79% P < 0.001). However, their DNA
mean value was 2.165 + 0.217 showing highly significant increase than senile con-
trols (P < 0.01), The ancuoploid phase cells were about 9.90% showing significant
increase (P < 0.001) than senile controls. Their mean DNA value was 5.681 + 1.707.
The percentage of lymphocytes at G, phase manitested highly significant decrease
(P <0.001).
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Table 1 : Percentage of Lymphocytes in Different Phases of Cell Cycle :

Percentage of cells
In different phases
of cell cycle

Adult Spleen

Senile Spleen

Adult Spleen

Gy :6.42%

G, :75.22%

$:1651%

G,:092%
Ancuoploid 0.92%

Senile Spleen

Go: 15.38%
Gy:66.34%
$:18.26%
G,:
Aneuoploid :

Z:2.06-P<0.058
Z:143-P>0.05N.S
Z:0.33-P>0.05N.S
Z:-096-P>005N.S
Z:-096-P>0035N.S

Adult spleen
following

interferon

Gy

G, 1 16.04%

S : 55.66%

G,:23.59%
Aneuoploid 4.72%

Z:2.63 - P<0.01 HS
Z: 857 - P<0.001 1.S
Z:5.88 - P<0.001 H.§
Z:499-P<0.001 HS
Z: 1.66 - P<0.01 H.S

Senile spleen
following
interferon

Gy:

G, : 20.79%

S$:47.53%

G,:21.78%
Ancuoploid 9.90%

Z:4.16 - P<0.001 H.S
Z: 6063 - P<0.001 H.§
Z:-4.52 - P<0.001 H.S
Z.-5.11-P<0.001 HS
Z:-3.34 - P<0.001 H.S

HS : Highly Significant.
S :Significant,
NS : Non-Significant.
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Table 2 ;: DNA Content of Lymphocytes in Different Phases of Cell Cycle :

DNA content in
phases of cell cycle
M+ SD

Adult Spleen

Senile Spleen

Adult Spleen

Gp:143£0.5
G;:1.94+026
5:285+0.29
G;:3.63+0
Ancuoploid 4.515+0

Senile Spleen

Go: 1.302+0.191
G, : 1.97 £0.280
S :2.807 £0.230

t: -2.54 - P<0.01 HS
:9-P>0.05NS
: -46 - P>0.05 N.§

G,:
Aneuoploid :
Adult spleen { G, :
following |G, ;2.152+0.22 : 3.104 - P<0.05 §

interferon

S:3.032£0.274
G,:3.86+0.198

Aneuoploid 5.408 + 0.632

1 2.434 - P<0.01 H.S

Senile spleen
following

interferon

Gy :

G, :2.165+£0.217
$:2.983+0.273
G,:4.010+:0.317

Ancuoploid 5681 £ 1.707

1:-3.24 - P<0.01 H.S
t: -2.90 - P<0.01 H.S
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Fig. (1) : A photomicrograph of a section of the spleen of an adult mousc
showing the arteriole (a) susrounded by (PALS) (T) lymphatic follicte (f) and
marginal zone (2). Notice the 1arge lymphocytes (1).

(Ix. & E.; x400)

Fig. (2) : A photomicrograph of a section of the splecn of an adult mouse
showing the cords of red blood cells in the red pulp (T). Notice the venous si-

nuses (v).
(Hx. & E.; x400)
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Fig. (3) : Anelectron micrograph of the spleen of an adult mouse illus-

trating a small lymphocyte with rounded nucleus (n), prominent nucleo-

lus and narrow rim of cytoplasm. Notice the mitochondria (m).
(Urany] acetate & lead citrate: X 10.000)
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Fig. (4) : An electron micrograph of the spleen of an adult mouse shaw-
ing a large lymphocyte with indenled nucleus (n). The cytoplasm has
mitochondria (m), cistems of rough endoplasmic reticulum (r), Golgi
complex (1) and numerous ribosomoses.

(Uranyl acetate & lead citrate; x 10.000)
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Fig. (5): A photomicrograph of «cction of the spleen of a senile mouse

showing Joss of lymphoid cells (T) and loss of demarcation between red and
white pulps.
(11x. & E.. x400)

Fig. (6) : A photomicrograph of a s i i
A ograph of a section of the spleen of a s
;Ler:;)ngl;ﬁll:% h!hc:i ar;er;ule (;\l) with multiple vacuolle)s and lhi‘::l:::tlz{ie r::]u(:::;s
: ice the depletion o hoc i ati 1
B e margixlljal el (Z))'rmp hocytes in (PALS) (T), lymphatic follicles

(Hx. & E.; x400)
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Fig. (7) : A photomicrograph of a section of the spleen of a senffé mouse re-
vealing extensive red blood cells (T). Notice the ill-defined marginal zone

(z).
(Hx. & E.; x400)
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Fig. (8) : An clectron micrograph of the spleen of a senile mouse show-
ing a small lymphocyte with rounded nucleys (1) and degenvrated cyto-
plasm. Notice the disrupted plasmalemma (1)

(Uranyl acetate & lead citrate: x 10.000)
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Fig. (9) : An electron micrograph of the spleen of a senile mouse show-
ing the cytoplasm of a large lymphocyte with multiple vacuolar degen-
eration (d).

(Urany! acetate & lead citrate; x 10.000)
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Fig. (10} : An electron micrograph of the splecn of a senile mouse
showmg a lymphocyte with pyknotic nucleus (n). The cytoplasm re-
veales scattered lysosomes (T).

(Uranyl acetate & lead citrate; x 10.000)
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Fig. (11) : An electron micrograph of the spleen of a senile mouse dem-
onstrating lymphocyte with pyknotic nucleus (n) and large cytoplasmic
bleb (b).

(Uranyl acetate & lead citrate; x 6000)
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-
Fig. (12) : A photomicrograph of scction of the spleen of an adult mouse
which received interferon. Notice the prominent white pulp and loss of de-
marcation between the zones
(Hx, & E.; x400)

Fig. (13) : A photomicrograph of a section of the sEleen of an adult mouse

which received interferon showing the variation in the condensation of lym-
phocytes, Notice the regressed red pulp (M.
(Hx. & E..x 200)
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Fig. (14) : A photomicrograph of a scction o the splech of an adall mouse
which received interferon showing megakaryocytes (k).

(Hx. & E.; x 400)
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e i 8 ™" A
L i) ] -
Fig. (15) : An electron micrograph of the spicen of an adult mouse
which received interferon showing an enlarged. homogeneous dis-

persed chromatin (c).
(Urany! acetate & lead citrate; x 22.000)
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Fig. (16) @ An electron micrograph of the spleen of an adult mouse
which received interferon showing loss of nuclear membrane (T). No-
tice the dense multiple chromatin clumps (c).

(Uranyl acetate & lead citrate; x 10.000)
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Fig. (17) : An electron ncrograph of the spleen of an adult mouse
which received intereron demonstrating marked proliferation of rough
cndoplasmic reticulum (r).

(Uranyl acetate & lead citrate: x 3000)
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L5 APARIERS C e AR

Fig. (18) : An electron micrograph of the spleen of an adult mouse
which received interferon showing a lymphocyte with euchromatic nu-
cleus (n). The cytoplasm shows dilated cisterns of rough endoplasmic
reticulum (r) mitochondria (m) and numerous polyribosomes .
(Uranyl acetate & Jead citrate; x 17.000)
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Fig, (19 @ An electron mucrograph of tie spleen of an adull mous
which received interferon illustrating opposed adherent plasmic mem-
branes at localized sites (T).

(Uranyl acetate & lead citrate: x 22.000)
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Fig. (20) : A photomicrograph of section of the spleen of a scnile mouse
which received interferon showing distorted splenic architecture and deple-
tion of lymphocytes in white pulp (T). Notice the megakaryocytes (k).

(Hx. & E.; x 400)

Fig. (21) : A photomicrograph of a section of the spleen of a senile mouse
which recejved interferon demonstrating multiple vacuolation in the red pulp
(T). Notice the megakaryocytes (k).

(Hx. & E.; x 400)
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Fig. (22) : An electron micrograph of the spleen of a senile mouse
which received interferon demonstrating lymphocytes with pultiple di-
lated cisterns of rough endoplasmic reticulum (g and detached ribo-

somes, Notice the widening of perinuclear space ).
{(Uranyl acetate & lead citrate; x 3000)
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Fig. (23) : An clectron micrograph of the spleen of a senile mouse
which received interferon showing proliferation of the rough endoplas-
mic reticalum (r).

{Uranyl acetate & lead citrate; x 3000)
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DISCUSSION

The present study clarified that administration of interferon alpha has provoked
profound alicrations in the splenic architecture. It enhanced the proliferation of fym-
phoid tissue essentially required to allow interferon Lo ¢xert its immunomodulatory
effects in adults. Howcever, aging scems to alier the response of the spleen.

Following administration of interferon, the spleen of adult mice exhibited im-
pressive prominent white pulps. Morcover, the present work revealed that the dis-
tinct zones of while pulp, namely. the PALS. the lymphatic follicles and the margi-
nal zone were amalgamated together forming a confluent mass of condensed
lymphocytes. However, the degree of condensation of lymphocytes was variable.
The extensive amalgamation and accumulation of lymphocytes could be attributed
to the ability of interferon to induce traffic of lymphocytes within the spleen. Moreo-
ver, interferon could enhance pooling of lymphocytes from bone marrow and facili-
tate their subsequent accumulation in the other compartments as the spleen or lymph
nodes (Salazar et al,, 1996). The characteristic finding of the present study was the
apparent regression of the red pulp as clusters of small lymphocytes entirely en-
croached on the red pulp. The lymphocytes had dark basophilic nuclei. narrow rim
of cytoplasm and were more or less similar to those seen in the (PALS) and lym-
phatic follicles. Interferons could relocalize cells from white pulp to red pulp region
or enhance the traffic along the splenic red pulp. Such migratory pattern might local-
ize lymphocytes in a special order to receive additional activation signals or might
play a role in lymphocytic proliferation (Salazar et al., 1996). Intcrferons have been
showing to up regulate adhesion molecules important for different phases of lym-
phocyle migration from the blood via endothelial venules or through the lymphoid
organs (Pabst & Westermann, 1994),

The present work further demonstrated that the majority of lymphocytes exhib-
ited signs ol activation and proliferation. Ultrastructural examination clarified that
the nuclei had cither enlarged dispersed homogenous chronatin or manilested loss
of nuclear membrane. nucleolus and the chromatin was arranged as dense blocks on
cither sides of the cell. The morphological appearance of chromatin encountered
represent the prophasc stage of mitosis (Junqueira & Carneiro, 2003). In addition,
the cytoplasm exhibiled striking proliferation of the rough endoplusmic reticulum
which occupicd the entire of the cytoplasm. The rough endoplasmic reticutum was
concentrically arranged wiel consisted of regular cisterns of uniform caliber a part

from few dilaicd cisterns. The expanded uniform proliferation of the rough
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cndoplasmic reticulum is a prominent morphological sign of lymphocytic activation
{Singh et al., 1998). Structurally, these cells bear the features of plasma cells indi-
cating that alpha interferon could initiate a synchronized terminal differentiation of
lymphocytes into plasma cells. In vitro-studies indicated that interferon exclusively
might have a proliferative enhancing cffects on B cells, However, it was not clear if
secondary mediators were participating in piasma blast formation (Steinger & Van
der Meide, 1993). The activated B lymphocytes might achieve a faster and more co-
ordinated immune responses which could be a part of the mechanism that allows in-
terferon to achieve its immune modulator effects. (Bosio et al., 2001),

Although lymphocytes could be activated by interferon therapy, recently a
group of natural interferon producing cells were recognized normally in the T cell
zone of the lymph nodes and in the marginal zones of the spleen. Ultrastructurally,
the natural interferon producing cells or the so called plasmacytoid dendertic cells
display the ultrastructural characteristics resembling those of human plasmacytoid
cells and could produce interferons after viral stimulation (Martin et al., 2002). It is
postulated that interferon therapy initiates signals that arc transducted via cell 1o cell
interactions, a possible intermediate in the signal transduction pathway is the natural
interferon producing cells which possess interfcron receptors on their surface. Inter-
feron therapy might help maturation and differentiation of natural interfcron produc-
ing cells (Bosio et al., 2001), Moreover, it is hypothesized that the ability of natural
interferon producing cells to respond to exogenous interferon is essential for genera-
tion of fully activated dendertic celis (Montoya et al., 2002).

The present work clarified another (orm of activated lymphocytes. The cells
beared partially enchromatic nuclei, and their cytoplasm contained few dilated cist-
erns of rough endoplasmic reticulum, scattered mitochondria and numerous free ri-
bosomes. These are probably activated T lymphocytes (Junqueira & Carneiro,
2003). The activation of various types of T lymphocytes following interferon alpha
has been reported in previous experimental studies. Immunohistologic and flow cy-
tometric analysis showed marked infiltration of activated T lymphocytes (CD8) in
wild type tumors of mice inoculated with interferon alpha expression cells, suggest-
ing that interferon alpha can induce cytotoxic T lymphocytes and elicite long lasting
tumor immunity (Eguchi et al., 2003). Moreover, administration of interferon I
mainly the beta subtype significantly increased the proportion of natural killer T
lymphocyte (NKT) as well as natural killer cells (NK) in the spleen of rat (Suzuki et
al., 2002).

The interferon activated lymphocytes particularly natural killer cells (NK) can
produce a variety of growth factors for hematopoiesis and exert significant
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hematopoietic growth promoting effects (Murphey et al., 1992). The hematopoietic
effect of natural killer cells could explain the presence of numerous megakaryocytes
noticed in the present study in the red and white pulps of adult spleen following in-
terferon administration, The present work further clarified a peculiar phenomena as
it revealed that the plasmic membranes of some lymphocytes were opposed and ad-
herent at localized sites. Such adhesion of lymphocytes might allow cooperation or
might even assist in the movement of stimulating and differentiating factors between
the adjacent lymphocytes to enhance the immune responses (Han et al., 2003).

The mitotic morphological changes noticed in the present study is a visible
manifestation of cell division. but other processes play a fundamental role in the cell
multiplication among these is the phase where DNA replicates during the interphasc.
The interphase is divided mainly into G, phase (presynthcsis). S phase (DNA syn-
thesis) and G, phase (DNA duplication) (Junqueira & Carneiro, 2003). The prescnt
study demonstrated by image analysis of Feulgan bluc stained scctions that the ma-
jority of lymphocytes of adult spleen were at G, phase and 8 phase of cell cycle with
a medium proliferative index. On the other hand. few lymphocytes were at Gy phase
and to a lesser extent at G, phase or ancuoploid phase of cycle. Administration of in-
terferon to adult mice induced prominent alterations in the cell cycle. Interferon sig-
nificantly increased the percentage of lymphocyltes at S phase with a high prolifra-
tive index. The lymphocytes at S phase represented the majority of the cells.
Interferon, as well, significantly increased the lymphocytes at G, phase and aneuo-
ploid phases. These changes were associated with simultaneous significant reduction
in the percentage of lymphocytes at G, phasc. Moreover. no lymphocytes could be
observed at G, phasc of the cell cycle. These results suggest that tollowing interfer-
on the majority of lymphocytes were in the active phase of cell cycle and might indi-
cate a close relationship betwecn the proliferative immune enhancing action of inter-
feron and the cell cycle. The enhancing effects of interferon on the lymphocytes at S
and G, phases are contrary to its effects on the hepatocytes. It was reported that in-
terferons decrcase the number of hepatocytes ai § and G phases ol the cell cycle
while they increase the number of hepatocytes in Gg and G, phases. Interferon sup-
presses the proliferation of liver cell by inducing cell arrest and apoptosis mainly at
the § and G; active phases of the cell cycle (Kim et al., 2000).

The present work furthier revealed (hat the DNA content of lymphocytes at §
phase G, phase and aneuoploid phase was significantly increased. Although the lym-
phocytes at G; phase were significantly reduced in number yet their DNA content
was also significantly increased. Again, these results were contrary to the reported
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effects of interferon on hepatocytes. It has been shown that interferon suppresses he-
patic DNA synthesis in mice. The inhibitory effects were attributed to suppression
of cyclic adenosine monophosphate and omithine decarboxylase enzyme activities
in the hepatic cells (Theocharis et al,, 1997).

Regarding scnile mice, the present work clarified that aging induced eminent
morphological changes in the spleen. The white pulp manifested marked regression
with loss of the distinct demarcation of the differcnt zones. Moreover, the present
study illustrated marked depletion of lymphocytes in the white and red pulps. PALS
is believed to be a T lymphocyte dependant zonc while the marginal zones and lym-
phatic follicles are mainly B lymphocyte regions (Steinger & Van der Meide,
1993). Pronounced depletion was noticed in the present study in the lymphatic folli-
cles and the marginal zone. PALS exhibited sparce lymphocytes that surrounded ar-
terioles in an irregular pattern. The generalized depletion of lymphocytes encoun-
tered in the present work is suggestive of depletion of both B and T [ymphocytes.
Aging is believed to be associated with reduction in B cell population and reduction
in all subtypes ol T cells including CD, and CDg (Watanabe et al,, 2001; Woods et
al., 2003). The existing T cells are less capable of promoting B cell differentiation
(Howel et al., 2003), Howcver. the ability of the existing B lymphocytes to respond
to antigens and to differcatiate into high affinity antibody secreting cells appeared to
be intact (Daiely et al., 2001).

Ultrastructural studies of the spleen of scnile mice showed that the small lym-
phocytes had intact nuclei but the cytoplasm was degenerated. Moreover, the plas-
malemma was disrupted and the lymphocytes lacked the distinct cellular boundaries.
The damage of the cell membrane could be attributed 10 age associated relcase of
frce radicals. Membranes damaged by radicals usually become more rigid and ex-
hibit decrease permeability, These changes could lead to reduced function and in
fact might result in disruption of ccll membrane (El Sokkary et al., 2003).

Large lymphocytes manifested marked vacuolar cytoplasmic degeneration and
ill-defined cytoplasmic organelles. Morcover, some lymphocytes exhibited in addi-
tion to cytoplasmic degeneration numerous pyknoiic nuclei. Large cytoplasmic biebs
enclosed by plasmic membranes were noticed protruding [rom the cell surface. Such
cells are presenting signs of apoptosis. Enhanced apoptosis in aging lymphocytes
was recently attributed to oxidative stress (Schindowski et al., 2001). Apoptotic
cells alter the immunc responses and reduce the overall activity of immune compe-
tent cells, Moreover, it might be the causc of the decline in humoral immunity asso-
ciated with aging (Eaton-Bassirie et al,, 2000),
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Image analysis of the Feulgen blue staincd sections revealed that the majority
of lymphocytes were at G, phase and S phase of ccll cycle with a medium prolifera-
tive index. Both phases did not exhibit significant variation in their percentage of
cells nor in their DNA content than adult mice, On the other hand the percentage of
lymphocytes at Gg phase was significantly incrcased simultancously with significant
decrease in their DNA content. The altcrations encountered in the G, phase in the se-
nile cell cycle is suggestive of increase tendency of arrest of cell division. This could
be probably attributed to increase in DNA damage and mutations that occur with
age, associated with reduced ability to repair the damaged DNA (Cabelof et al.,
2002). Furthermore, the decrease in the DNA content could be attributed to the in-
crease incidence of anti DNA auto antibodics which localize within B cell follicles
(Eaton - Bassirie et al., 2000).

Following administration of interferon to senile mice the spleep exhibited dis-
torted and exhausted architecture. Multiple areas of depletion were encountered in
the white pulp togcther with multiple vacuolation in the red pulp. Numerous lym-
phocytes were diffuscly scattered without discrimination, In spite of the encountered
depletion, the existing lymphocytes did not reveal by light or electron microscopic
examination evident signs of apoptosis. The lack of apparent cellular necrosis in the
small and large lymphocytes in spleen of senile animals which received interferon
might suggest that the depleted lymphocytes left the spleen in response o interferon
administration. It could be speculated that these cclls were mobilized from spleen to
peripheral arcas and that such mobilization is a part of mechanism that might allow
interferon (o be elfcctive in senile mice (Bosio et al., 2001), The inability of lym-
phocytes to replenish the peripheral compartments in aged mice is attributed to the
decline in lymphopoicsis with increasing age and the dramatic decline of the pre B
cells (Johnson et al., 2002). The present work revealed that the lymphocytes exhib-
ited dilated cisterns of rough endoplasmic reticulum with detached ribosome. Some
lymphocytes exhibited proliferation of the rough endoplasmic reticulum, Image
analysis of the fFeulgen blue stained sections of the spleen of senile mice which re-
ceived interferon revealed significant increase in population of lymphocytes at S and
G, phascs I the cell vyvele, On the other hand lymphocytes at G, phase were signifi-
cantly reduced than senile spleen, No lymphocyles could be detected at Gy phase.
These changes were associated with significant increase in DNA content of lym-
phocytes at Gy an S phases,

Aging usually increases the incidence ol arrest of lymphocytes and decreases
proliferation of lymphocytes. The lack of lymphocytic proliferation in aged mice
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could be due to several factors including the diminished lymphoproliferative effects
of neuropeptide Y with aging (Medina et al., 2000). It could also be attributed 1o the
less supportive function of aged bone marrow to the proliferation of splenic B cells
to plasma cells (Han et al., 2003). Reduced proliferative capacity of both T and B
cells could be a result of telomere shortening and end-to-end chromosomal fusion
with aging (Blasco, 2002). However, in the present study it seemed thet interferon
was capable of increasing the proliferative index of existing lymphocytes in aged
mice and enhancing the presence of numerous lymphocytes in the active phases of
celi cyles.

In conclusion, interferon increased the activation and proliferation of lymphoc-
ytes in adult mice. Aged mice exhibited marked degenerative changes. However, on
administration of interferon, though the spleen showed distorted architecture and ar-
eas of depletion, yet existing lymphocytes manifested signs of proliferation that
might allow interferon to achieve its immuno modulatory functions.

SUMMARY

Interferon has proved 1o be effective in treatment of chronic viral hepatitis and
a wide variety of autoimmune discases. The prcsent study aimed to investigate the
effects of interferon alpha on the lymphoid tissue of the spleen of adult and aged
mice. Following subcutaneous administration of interferon to adult mice for three
months, the spleen exhibited prominent white pulp encroaching on the regressed red
pulp. The zones of the white pulp were amalgamated together with indistinct bound-
arics forming a confluent mass of lymphocytes. Ultrastructural examination clarified
that the lymphocytes manifested signs of mitosis and marked proliferation of the
rough endoplasmic reticulum. Other lymphocytes had euchromatic nuclei, dilated
cisterns of rough endoplasmic reticulum, numerous mitochondria and scattered ribo-
somes. DNA analysis revealed significant increase in percentage of lymphocyte at S
and G, phases of cell cycle associated with significant decrease in percentage of
cells at G; phase. DNA content was significantly increased.

The spleen of senile mice presented regressed white pulp. Marked depletion of
lymphocytes was noticed in both red and white pulps. Ultrastructural stuies revealed
vacuolar cytoplasmic degeneration, pyknotic nuclei and cytoplasmic blebs in the
lymphocytes. Although the majority of lymphocytes were at Gy and S phases of cell
cycle yet there was significant increase in percentage of Gy cells with significant de-
crease in its DNA content.
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Administration of interferon to senile mice for three months revealed distorted
architecture. The spleen showed areas of depletion in white pulp and vacuolation in
red pulp. However, the existing lymphocytes did not exhibit signs of apoptosis or
pyknosis. Ultrastructural examination revcaled dilated cisterns of rough endoplasmic
reticulum. Other lymphocytes showed proliferation of the rough endoplasmic reticu-
Jum. The majority of lymphocyte were at S and G, phase and were significantly in-
creased than in senile spleen. The percentage of lymphocytes at G, phase was signif-
icantly decreased. The mean value of DNA content of G; and S phases was
significantly increased.
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