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INTRODUCTION

Interferons are natural cytokines with a variety of biological effects including

antiviral, untiproliferative, antifibrogenic and antianiogenic properties (Hiramatsu

et al., 1995; Muriel 1996; Kim et al., 2000). Interferons inhibit transcription and

translation of a number of RNA and DNA viruses as well as the growth and prelife­

ration of a variety of cells (Theocharis et al., 1997). Furthermore, interferons could

alleviate fibrosis and inflammation (Mazzoran et aI., 1998). The two main members

of interferon I family namely interferon alpha and beta have gained special value as

they proved to be successful in treatment of chronic viral infections, rnyoprolifera­

tive disorders and autoimmune diseases, Interferon alpha is the only available effec­

tive treatment 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 useful in reversing liver damage induced by biliary obstruction

(Moreno & Muriel 1995). Through its irnmunomodulatory 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 leukemia, cutaneous melanoma and polycythe­

mia (Lamers 1990; Baer et aI., 1992; Toliou et al., 1996; Bose et aI., 1997; Elliot

& Tefferi 1997; Otely & Zitelli 2000).

Despite of the variation in the etiology of the diseases treated by interferons

and the different types of immune responses thought to be required 10 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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differentiation of Band T lymphocytes and increase lymphocyte adhesion to endo­

thelial cells by up-regulation of adhesion molecules (Steinger & Van Der Meide,

1993). Among its other immunological effects, interferons provoked activation and

proliferation of rnonocytes, rnacrophages, cytotoxic T cells and natural killer cells

eliciting long lasting tumor specific immunity (Eguchi et at, 2003). These changes

were accompanied by augmented expression of surface activation markers on the ef·

fecter cells (Suzuki et aJ., 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 cell cycle and DNA content in lymphocyte populations of the differ­

ent lymphoid organs.

On the other hand. several factors were identified 10 influence and limit the re­

sponse to interferon therapy negatively. Among these factors are the long duration

of the disease, the elevated histological indexes. the high levels of the virus, alcohol­

ism, and the high age of the patients (000 et aI., 1996; Kaserer et aI., 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 centers arc common consec­

utive changes of aging (Johnson et at, 2002; lUasco, 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 aI., 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. Furthermore, the present study aimed at in­

vestigating and comparing the morphological changes, the phases of the cell cycle

and the DNA content in adult and senile spleen following interferon alpha adminis­

tration. H 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 treatment 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, fcd 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 contained 3 million IU of interferon Alpha 2b. Vials were

reconstituted with 1 ml of sterile water and stored at temperature 2 - 8co , each mice

received 3.3 x I()4 lu / kg B.W. Interferon was diluted to the appropriate concentra­

tion in sterile water of sufficient volume for a single dose for each group of mice.

The dose and regimen given were equivalent and similar to human therapeutic dose

(Theocharls et al., 1997). At the beginning of the experiment mice were divided

into four groups as follows:

Group I:

It included five adult mice and served as adult controls to study the histological

structure of adult spleen.

Group II :

It included five senile mice and served as senile controls to study the age relat­

ed changes in the spleen.

Group III:

It included 15 adull mice of which ten mice received 1000 IV 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.

Group IV :

It included 15 senile mice of which ten mice received 1200 IU of interferon al­

pha subcutaneously. The dose was given three times a week for three months. Five
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mice received equivalent sterile water, injected subcutaneously for the same dura­

tion and served as controls.
At the end of the experiment all experimentalanimals were sacrificed by intra­

peritoneal injection of sodium thiopental (25 mg / kg). The abdomen was incised
and the spleens were dissected and extracted. Specimensfor light microscopic stud­
ies were fixed in 10% formol saline. After fixation, tissues were dehydrated, and
embedded in paraffin blocks. Sections of 5 urn in thickness were cut and stained
with Haematoxylinand Eosin (Hx, & E.) and Feulgen blue stain specific for nuclear
DNA. Specimens for electron microscopic studies were cut into small pieces 1 mm"
ill 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-phosphatebuffer. Dehydration in ascending grades of alcohol was fol­
lowed by embedding in epon. Semithin sections 1 urn were cut using L.K.B.
ultramicrotome and stained with toluidine blue. Ultrathin sections were cut and
stained with uranylacetate and lead citrate. examinedand photographed with Philips
400T.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
formedon the Feulgen blue stained sections using the DNA cytometrysoft ware. Se­
lection of nuclear boundaries Was performed automatically by the image analysis
system. Only intact nuclei were measured,overlapping nucleiand nuclear fragments
were manually eliminated from measurements. The optical density of the selected
nuclei was measured and automaticallyconvertedby the system into DNA content.
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 calculated automatically. The results were analyzed usingstudent t-test to com­
pare the mean values and Z test compare the percentageof the cells.

RESULTS

Group I & Controls of Group III :

Light microscopic examination of the spleen of adult mice revealed that the

spleen exhibited prominent discrete whitepulps suspended throughout the red pulp.
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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 III : (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 G1 phase (presynthesis

phase) of the cell cycle. The mean value of DNA was 1.94 ± 0.26. The percentage of

lymphocytes at S phase (synthesis phase) of cvcle was 16.5\ % showing a medium

proliferative index. Their mean DNA value was 2.H5 ± 0.29. On the other hand few

lymphocytes (6.42%) were at Go phase (arrested phase) with a mean value of DNA

1.43 ± 0.5. Furthermore very few lymphocytes (0.92%) were noticed at O2 phase

(post duplication phase) with a mean value of DNA 3.63 ± O. Other lymphocytes

(0.92%) were at the aneuoploid phase with a mean value of DNA 4.515 ±O.
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Group II & Controls of Group IV:

Light microscopic examination of the spleen 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 lymphocytes that surrounded the arterioles in an irregular pat­

tern, The arteriolar wall exhibited multiple vacuolation involving Ihe entire circum­

fercnce, 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 depiction 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. Meanwhile, the red pulp showed deple­

tion of lymphocytic cells (Fig. 7).

Ultrastructural examination clarified that lymphocytes manifested various

forms of degeneration. Small lymphocytes though exhibited rounded nuclei with

peripherally condensed chromatin, yet their cytoplasm was degenerated 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

degenerative changes mainly in the cytoplasm and to a lesser extent in the nuclei. In

the majority of the lymphocytes the cytoplasm presented multiple vacuolar degener­

ation, irregular in shape and variable in size (Fig. 9). The cytoplasmic organelles

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, 1 I). Moreover, the

degenerated lymphocytes showed large cytoplasmic blebs Or vesicles protruding

from the cell surface and enclosed by a plasmic membrane (Fig. I I ).

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

DNA analysis of the Fculgcn blue stained sections of the senile mice revealed

that the majority of lymphocytes (66.34%) were at G t phase showing non signifi­

cant variation than adult mice (P > 0.(5). Similarly the mean value of DNA was 1.97

± 0.280 manifesting non significant variation than adult micc (P> 0.05). The per­

centage of cells at S phase was HL26% showing a medium proliferative index and

non significant variation than adult mice (P > 0.(5). 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 Go phase (15.38%) was significantly in­

creased (P < 0.05) and the mean DNA value 0.302 ± 0.191) was significantly re­

duced (P < 0.01). No lymphocytes could be detected at G2 phase nor at the aneuo­

ploid phase of cell cycle.

Group II:

Light microscopic examination of the spleen of adult mice which received in­

terferon revealed that the spleen exhibited impressive. prominent white pulps even

encroaching on the regressed red pulp. The distinct zones of the white pulp were

amalgamated together 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

few 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 mullilohed nuclei and extensive cytoplasm

(Figs. 13. 14).

Ultrastructural examination. clarified signs of activation. and proliferation in

the majority of the lymphocytes. The nuclei exhibited either enlarged. dispersed and

homogenous chromatin (Fig. 15) or manifested loss of nuclear membrane. nucleolus

and in such cases the chromatin. appeared as multiple dense blocks that were ar­

ranged approximately on either sides of the cell (Fig. 16). The cytoplasm had strik­

ing extensive proliferation 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. scattered 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 but without specific cytological spe­

cialization in the area of contact (Fig. 19).
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DNA analysis orgroup III : (Tables 1,2)

DNA analysis of Feulgen 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.(01). 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 G2 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 0 1 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). Aneuoploid 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 0 0

could not bedetected and showed high significant decrease (P < 0.01).

Group IV:

Light microscopic examination of the spleen of senile 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 diffusely 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 ex­

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 IV : (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 S phase was
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significantly higher than senile control (P < O.()()I). Moreover, the mean DNA value

was 2.998 ± 0.273 significantly increased than senile controls (P < 0.01). The per­

centage of lymphocytes at Gz phase (21.78%) was sigruficantty higher than senile

controls (P < 0.001) and the mean DNA was 4.010 ± 0.317. The lymphocytes at G,

phase showed highly significant decrease (20.79% P < 0.(01). However, their DNA

mean value was 2.165 ± 0.217 showing highly significant increase than senile con­

trols (P < 0.01). The aneuoploid phase cells were about 9.90% showing significant

increase (P < 0.(01) than senile controls. Their mean DNA value was 5.681 ± 1.707,

The percentage of lymphocytes at Go phase manifested highly significant decrease

(P< 0.(01).
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Table 1 : Percentage of Lymphocytes in Different Phases of Cell Cycle:

Percentage of cells Adult Spleen Senile Spleen
In different phases

of cell cycle

Adult Spleen Go: 6.42%

o.. 75.22%

S: 16.5]%

G2 : 0.92%

Ancuoploid 0.92%
Senile Spleen Go: 15.38% Z: 2.06 - P<0.05 S

G1 : 66.34% Z: 1.43- P>0.05 N.S

S: 18.26% z: 0.33 - P>O.05 N.S

G2 : Z: -0.96 - P>O.05 N.S

Aneuoploid : Z: ·0.96 - P>0.05N.S
Adult spleen Go: Z: 2.63 - P<O.Ol HS

following G1 : 16.04% z: 857 - P<O.OOI H.S
interferon s . 55.66% Z: 5.88 - P<O.OOI H.S

O2 : 23.59% Z: 4.99 - P<O.OOI H.S

Aneuoploid 4.72% Z: 1.66- P<O.l)} H.S
Senile spleen Go: Z: 4.16 • P<O.OOJ H.S

foJlowing 0 1 : 20.79% Z: 663 - P<O.OOI H.S
interferon S: 47.53% Z: -4.52 - P<O.OOI H.S

O2 : 2I.7R% Z: -5.11 • P<O.OOI H.S

Aneuoploid 9.90% z: -3.34 - P<O.OOI 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 Adult Spleen Senile Spleen
phases of cell cycle

M±SD

Adult Spleen Go : 1.43 ±0.5

G1 : 1.94 ± 0.26

S : 2.85 ±0.29

G2 : 3.63 ± 0

Aneuoploid 4.515 ±0

Senile Spleen Go: 1.302 ± 0.191 t: -2.54 - P<O.O 1 HS

G} : 1.97 ±0.280 t: 9 - P>0.05 N.S

S : 2.807 ± 0.230 t: -46 - P>0.05 N.S

G2 :

Aneuoploid :

Adult spleen Go:
following G1 : 2.152 ± 0.22 t: 3.104 - P<0.05 S
interferon S : 3.032 ± 0.274 t: 2.434 - P<O.OI H.S

G2 : 3.86 ± 0.198

Aneuoploid 5.408 ± 0.682

Senile spleen Go:
following G1 : 2.165 ± 0.217 t: -3.24· P<O.OI H.S

interferon S : 2.988 ± 0.273 t: -2.90 - P<O.Ol H.S

O2 : 4.010 ± 0.317

Ancuoploid 5.681 ± 1.707
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Fig. (3) : An eleclron nlcrogrtph of the. splecn of arr adult nrouse illus-

ir"?ir,g'" r;,i.filVmplr-ocyrr, *irtiio"nd..f riucleus (n), prontincnt nucleo-

lus arid nrmrrry riniof cyoplasnr' Ncxice the nritochondrra (nr)'
" 

(i;.orivi 
""*tur* 

& lead citratc: x 1O'tilo)
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Fig. {.f) : Art electron nticrogrnph of the splcen of an arlult mouse show-
irre a large lymphocyte with indented nucleus (n). The cyoplasm hat
mitochoid-ria (m), cisterrrs of rough r'rrdoplasnric rcticulunr (r), Golgi
curtple* (T) and numerou- t'otitiT:,""'rT;"erare 

& lead cirrare; x 10.000)
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Fls, (5) : A phoronricrograplr o[ a scction of tlrc sPlccn ol a scnile nrtuse

sh.wins loss ol lynrpnoto tt"-iT;;tii;i ' ttl 'd*nttittori"n bctwccn red tnd

while pulps' (llx. & [,-: x4ffi)

FiE. {6} : A photonticrograph of a sectiorr of the spleen of a sctrile ntruse

.{eit,inirrutini the aneriolle ia) wirh nlrhiple vacuolbs lnd thickened nusclc

layer. Noticeihc tleplctim of lynrphocytci in (PAIs) (T)' lymphatic follicles
(fT) an<t the nrargiial zorre (z). 

(I{x. & E.; x4fi))
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Fig. (7) : A photonticrogrnph ol r sqction of the splecn ol n scnll$ nrdurie re-
ve;ling extcnsive retl h'iood cells (T). Notice thi ill-defined marginal zonc
(z\ .

(Hx. & E.; x400)
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Fig, (8) ; An tlcctrtn rnicrogt'aph of thc splecn of a sctri lc nl(i lsL' sllow-

i r lg  a  s r t ta l l  I y r t rph t ty tc  w i th  nu t tq led  l r r rc lcus  (n )  a t ld  dcg f r l f  r r l c t '  cy l ( ) -

plisnr' \.ric:c'th. rlisruptc'd o'-Tilil:"lill.l],l 
.u ,*uu cirratc: \ l0 (x)0)
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( ' r l

l'lg, (9) : An electron micrograph of the spleen of a renile mousc show-
ing the cyoplasnr of a lirrge lyfiphocyte with rnultiple vacuolar degen-
eration (d)' 

(uranyl acerare & read citrate: x 10,000)
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\
Fig, (10) ; An eL'ctnrn nticrograph of the splcr'n of a seni.h'ttrousc
slrowing a lynrphm'yte' u'ith pyknotic nucleus 1n1. 

'Ihc 
cytoplasnr rc-

veales scattr'n:d lysostntes ( 
"'{trronr, ircctrtc & rearj cirrate; x r0.0fi))
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fig, (f l) ; An elcclron ruicrograplr of the spleen of a senile nrouse dem-
flrstrilting lynrphocyte with pykrrrtic nucleus (n) atrd large cytoplasnric
blcb (b).

(Urunyl acetate & lead citratct x (5000)
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F-ig. (12) : A photonricrograplt of scction o[ thc sPll'cn ttf an rtlul[ nt"ttse

",'f,' i.ir-*ja.ir-J 
inlerfcr,,rrrl f.,tice rhc pr()nrint'rrt whirc prrlp antl lors ot tlc'

rttnrcatitrl httwcen thl ' z(i l lcs
( l l r .  &  I i . :  x J ( i l )

F-iu. (13) : A photorilicrograph of a sectiur of tlre spleen of an arlult nrorrsc
wliich ni..ivcil inlerferon-shbwing lhc vrriilridl in thc ctmdensation of lym-
ph(**yte$, Noticc the t'egresstd retl pttlp ( | ). 

(Hr. & Ii.: r l.0)
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I' ig, (14) : A photoilricroglaPlr ol l lL.cttou ot llrc splccn ()I all adull rilousd
whiclt teccived interlcron showing nregakrrryt**ytes (k).

( H x . & E . t x 4 0 0 )
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Fig. (15) i An cll 'clrotl microgrilPh (1[ thc sPlccn of ru atltt l l  l lrouse

wliich rcc.' ivcrl intctl l 'r( i l I showing nrt enlitrged. ltonrogencctttr dis-

prsed chronralirt (c)
(Uranvl lcrlatr'& lcrd citrate; r ??.t)00)
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Irig. ( 16) : An electr,rn ilricrogrilph cf the splcen ol: iln adult filou$ri
wh'ich received interfi'ron sho$Iine loss ol'nuclear nrentbranc (Tl. No-
tice the densc mulliple chrontatiu ciunrps (c).

(Uranvl acelatc & lead citrate: x 10.000)
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1";o,117) :  . l l l  e l t ' ( l ron nt l tnr i : raph of  tht  sPl t 'cn o[-an ar lu l i  n loust

"lii.fr-,=..ital 
i,tt.'t ' l '...nt ,lcltt,insirari.g markcd proliferati.tr ol r.uglt

crrdoplnsuric rcticulum (r) 
(Llrdrrvl ircetatL'& lcad citraie: x 30tX))
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Fig, (fU) I An eleclron nrict'ograph o[ thc spleeu of arr adull nroutre
which reccived interferorr showiug rr lynrphocytc with euclrronratic nu-
cleus (d). 'lhe 

cytoplasnr shows dilatet{ iistems of rough endAplasmic
rcticulum (r) mitochondria (nr) and trurrrerurs polyribosomes ( l).

(Uranvl ircclatd & lead citrate: x 17.000)
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I . i g ,  ( l ' ) ) :  A r l  c l t e t r ( i l t  l l l l c t o S r f , l r l t  i l l  l i l L  \ P l c c J l  { r i  r t r  ' t ( l t r l l  I l l ' L l \ \

Illi:1" li:',lyii;li:ll:lit.il'"u'"".g 
opposed adhernt Frnrn"c mclrr -

hrarrcs at  l r ra l i i td s i tcs (T) .
(Uranyl acetirtc & lcnd citrilte: x 22 Offi)
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Flg. (20) ; A photoilicrograph of section of the spk'en ol' a scnile mouse
which received interferon showing distoned splenic architecture and deple-
tion of lymphtxytes in white pulp (T 1. Notice the meeaknryoc)'tes ([]; 

_ O*,

F'lg. (21) :.A phokrmicrograph of a seclion ol'the splecn ol a senile nrouse
w^nrt'-n_rccetved lnlerleron denronslrating nrultiple vaiuolation in the retl pulp
[ | ). l\otlce the nlegakaryocytcs (k).

( l l x .&E . : x40O)
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Ffe. (22) : An eleclron nricrognrph.ol the spleen ol'a.tenile ntousc

*'tii"fi-."'""i".4 inrcrferon,tenro'n*tlrating lympho"yr"t with-multiPIe'di-

l"['ili;;;; ;i *uii'-enaopusrriic rJtiiulinr (;]. and dctached ribo-

sffles, Nc{ice fte widening of perinuclear space ( | )'' 
turanvl ac'emte & lead citrate: x 30ffi)
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F'ig. {23) l Arr clcctrrrr micrograph ol thc sp['en of a seuilc nrousc
which reccived interferrn showing proliferatidn of the rtugh errdoplas-
nric reticulum (r).

(Uranyl acetate & lead citrate; x 3000)
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DISCUSSION

The present study clarified that administration of interferon alpha has provoked

profound alterations in the splenic architecture, It enhanced the proliferation of lym­

phoid tissue essentially required to allow interferon 10 exert its immunomodulatory

effects in adults. However, aging seems to alter the response of the spleen.

Following administration of interferon, the spleen of adult mice exhibited im­

pressive prominent white pulps. Moreover, 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 he attrihuted

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). TIlC charactcrisuc 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 rclocalize 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

playa role in lymphocytic proliferation (Salazar et al., 1996). Interferons have heen

showing to up regulate adhesion molecules important for different phases of lym­

phocyte migration from the blood via endothelial vcnulcs or through the lymphoid

organs (pabst & Westermann, 1994).

The present work further demonstrated that the majority of lymphocytes exhib­

ited signs of activation and proliferation. Ultrastructural examination clarified that

the nuclei had either enlarged dispersed homogenous chromatin or manifested loss

of nuclear membrane, nucleolus and the chromatin was arranged as dense blocks on

either sides of the cell, The morphological appearance of chromatin encountered

represent the prophase stage of mitosis (Junqueira & Carneiro, 2003). In addition,

the cytoplasm exhibited striking proliferation of the rough endoplasmic reticulum

which occupied the entire of the cytoplasm. The rough endoplasmic reticulum was

concentrically arranged .1111 consisted of regular cisterns of uniform caliber a part

from few dilated cisterns. The expanded uniform proliferation of the rough
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endoplasmic 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 effects on B cells. However, it was not clear if

secondary mediators were participating in plasma 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 at, 2002). It is

postulated that interferon therapy initiates signals that arc transducted via cell to cell

interactions, a possible intermediate in the signal transduction pathway is the natural

interferon producing cells which possess interferon receptors on their surface. Inter­

feron therapy might help maturation and differentiation of natural interferon produc­

ing cells (Rosio 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 cells (Montoya et at, 2002).

The present work clarified another form of activated lymphocytes. The cells

beared partially euchromatic 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 rnegakaryocytes

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 ali

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 aI., 2003).

The mitotic morphological changes noticed in the present study is a visible

manifestation of cell division. but other processes playa fundamental role in the cell

multiplication among these is the phase where DNA replicates during the interphase.

The interphase is divided mainly into G1 phase (presynthcsis). S phase (DNA syn­

thesis) and G2 phase (DNA duplication) (Junqueira & Carneiro, 2003). The present

study demonstrated by image analysis of Feulgan blue stained sections that the ma­

jority of lymphocytes of adult spleen were at 0 1 phase and S phase of cell cycle with

a medium proliferative index. On the other hand. few lymphocytes were at 0 0 phase

and to a lesser extent at O2 phase or aneuoploid phase of cycle. Administration of in­

terferon to adult mice induced prominent alterations in the cell cycle. Interferon sig­

nificantly increased the percentage of lymphocytes 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 O2 phase and aneuo­

plaid phases. These changes were associated with simultaneous significant reduction

in the percentage of lymphocytes at G 1 phase. Moreover. no lymphocytes could be

observed at Go phase of the cell cycle. These results suggest that following interfer­

on the majority of lymphocytes were in the active phase of cell cycle and might indi­

cate a close relationship between the proliferative immune enhancing action of inter­

feron and the cell cycle. The enhancing effects of interferon on the lymphocytes at S

and G2 phases are contrary to its effects on the hcpatocytes. It was reported that in­

terferons decrease the number of hepatocytcs :11 S and G~ phases of the cell cycle

while they increase the number of hcpatocyrc- III 0 0 and 0 1 phases. Interferon sup­

presses the proliferation of liver cell by inducing cell arrest and apoptosis mainly at

the Sand O2 active phases of the cell cycle (Kim et al., 20(0).

The present work further revealed that the DNA content of lymphocytes at S

phase O2 phase and aneuoploid phase was significantly increased. Although the lym­

phocytes at 0 1 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 hepatocyres. 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 ornithine decarboxylase enzyme activities

in the hepatic cells (Theocharis et at, 1997).

Regarding senile 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 different 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 zone while the marginal zones and lyrn­

pbanc 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 Band T lymphocytes.

Aging is believed to be associated with reduction in B cell population and reduction

in all subtypes of T cells including CD4 and COg (Wahlhabe et al., 2001; Woods et

al, 2003). The existing T cells are less capable of promoting B cell differentiation

(HoweI et at, 2003). However. the ability of the existing B lymphocytes to respond

to antigens and to differentiate into high affinity antihody secreting cells appeared to
be intact (Daiely et al., 2001).

Ultrastructural studies of the spleen of senile mice showed that the small lym­

phocytes had intact nuclei hut 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 release of

free radicals. Membranes damaged by radicals usually become more rigid and ex­

hibit decrease permeability. These changes could lead 10 reduced function and in

fact might result in disruption of cell membrane (EI Sokkary et al., 2003).

Large lymphocytes manifested marked vacuolar cytoplasmic degeneration and

ill-defined cytoplasmic organelles. Moreover, some lymphocytes exhibited in addi­

tion to cytoplasmic degeneration numerous pyknotic nuclei. Large cytoplasmic blebs

enclosed by plasmic membranes were noticed protruding from the cell surface. Such

cells are presenting signs of apoptosis. Enhanced apoprosis in aging lymphocytes

was recently attributed to oxidative stress (Schindowski et al., 2001). Apoptotic

cells alter the immune responses and reduce the overall activity of immune compe­

tent cells. Moreover, it might be the cause of the decline in humoral immunity asso­

ciated with aging (Eaton.nassirie et al., 20(0).
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Image analysis of the Fculgen blue stained sections revealed that the majority

of lymphocytes were at G I phase and S phase of cell 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 Go phase was significantly increased simultaneously with significant

decrease in their DNA content. The alterations encountered in the Go 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 antibodies which localize within B cell follicles

(Eaton- Bassirie et al., 2000).

Following administration of interferon to senile mice the spleen exhibited dis­

torted and exhausted architecture. Multiple areas of depletion were encountered in

the white pulp together with multiple vacuolation in the red pulp. Numerous lym­

phocytes were diffusely 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 or 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 to interferon

administration. It could be speculated that these cells were mobilized from spleen to

peripheral areas and that such mobilization is a part of mechanism that might allow

interferon to he effective in senile mice (Bosio et at, 2001). The inability of lym­

phocytes to replenish the peripheral compartments in aged mice is attributed to the

decline in lymphopoiesis with increasing age and the drumatic decline of the pre B

cells (Johnson et at. 2(02). The present work revealed that the lymphocytes exhib­

ited dilated cisterns 01 rough cndoplusmic reticulum with detached ribosome. Some

lymphocytes exhibited proliferation or the rough endoplasmic reticulum. Image

analysis of the Fcu1llcn blue stained sections of the spleen of senile mice which re­

ceived interferon revealed Significant increase in population of lymphocytes at Sand

O2 phases \1" the cell .vclc, On the other hand lymphocytes at G 1 phase were signifi­

cantly reduced than senile spleen, No lymphocytes could be detected at Go phase.

These changes were associated with significant increase in DNA content of lym­

phocytes at G, an S phases.

Aging usually increases the incidence or 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 Iymphoproliferative effects

of neuropeptide Y with aging (Medina et aI., 2000). It could also be attributed to the

less supportive function of aged bone marrow to the proliferation of splenic B celJs

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

cell cyles.

In conclusion, interferon increased the activation and proliferation of lymphoc­

ytes in adult mice. Aged miceexhibited 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 to be effective in treatment of chronic viral hepatitis and

a wide variety of autoimmune diseases. The present 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

aries 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 G2 phases of cell cycle associated with significant decrease in percentage of

cells at G1 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 0) and S phases of cell

cycle yet there was significant increase in percentage of Go 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 revealed dilated cisterns of rough endoplasmic

reticulum. Other lymphocytes showed proliferation of the rough endoplasmic reticu­

lum. The majority of lymphocyte were at Sand Gz phase and were significantly in­

creased than in senile spleen. The percentage of lymphocytes at O[ phase was signif­

icantly decreased. The mean value of DNA content of O[ and S phases was

significantly increased.
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