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ABSTRACT 
Benzodiazepines are one of the most commonly used anxiolytic and anticonvulsant drugs in the world. 

For nearly all the current benzodiazepines, their toxic effects on different organs have not been fully de

scribed. The aim of the current work was to study the immurwlogic and vascular changes induced by 

short term chronic administration ofalprazolam and clonazepam in non stressed and stressed adult male 

albino rats. Forty two adult male albino rats were divided imo 6 groups (1): (Ia) Negative control, (Jb) : 

Positive control rats received distilled water, (ll): Stressed rats, (Ill): Non stressed rats received daily 

oral dose of clonazepam (05mglkg), (IV) : Stressed rats received daily oral dose of clonazepam 

(05mglkg), (V): Non stressed rats received daily oral dose of alprazoiAm (0.3mglkg). (Vl): Stressed rats 

received daily oral dose of alprazolam (03mglkg). At the end of the 4th week total leukocyte count 

(WBCs) and differential count were detected. anti-sheep RBC antibody (Anti-SRBC) titer and interleu

kin-2 (IL-2) level were assessed, thymus glands, lymph nodes, spleens and abdominal aortae were submit

ted to histopathological examination. It was found that alprazolam induced a significant increase in the 

neutrophils count and a significanl decrease in the lymphocytes, anti-SRBC titer and IL-2 level with se

vere depletion of the splenic, thymal and nodal lymphocytes, accompwtied by congestion and eosinophilic 

vasculitis of all rested organs in comparison to c/onazepam treated raJs. The previous toxic effects were 

worsened by stress. It was concluded that immune system and blood vessels can be adversely affected by 

slwrt term chronic administraJion of alpraz.olam to a greater extent than clonazepam and these toxic ef

fects are aggravated by stress. 

KEYWORDS: Benzodiazepines, Alprazo/am, Clonazepam, Humoral Jnununity, Cell Mediated Immu

nity, Stress, SRBC and /L-2. 
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INTRODUCTION 

Recent studies have found that stress 
plays a role in the etiology of many diseas
es. Stress is generally considered to be im-

munosuppressive and to increase suscep
tibility to infections and cancer. Paradoxi
cally, it also exacerbates inflammatory and 
autoimmune diseases. Although it is well 
established that stress alters the release of 
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various hormones and neurotransmitters, 
the mechanisms by which stress affects 
immune responses ·remain elusive (Vis
wanathan et al., 2005; Salak-Johnson and 
McGlone, 2007). 

Benzodiazepines (BZD) are one of the 
most commonly used groups of anxiolytic 
drugs in the world. They are indicated for 
treatment of generalized anxiety disor
ders, treatment of panic disorders with or 
without agoraphobia, sedation, light anes
thesia and anterograde amnesia of periop
erative events, control of seizures and 
skeletal muscle relaxation (Iqbal et al., 
2002). 

Oonazepam, a benzodiazepine deriva
tive, is used for the treatment of epi
lepsy, psychiatric and neurologic disor
ders including panic disorders. It has also 
been utilized in alleviating movement dis
orders and restless leg syndrome in pa
tients with and-stage renal disease 
(Brouns and De Deyn 2004; Morishita, 
2009). 

Alprazolam is one of the most common
ly prescribed short acting benzodiazepines 
in the childbearing period. It has replaced 
diazepam as the most frequently pre
scribed anxiolytic drug. This shift in the 
pattern of drug prescription was justified 
by the low likelihood of its accumulation 
(compared with diazepam) and causing 
sedative effects on multiple doses (Pinna 
et al., 1997). 
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All benzodiazepines inducting clonaz
epam and alprazolam act by enhancing 
~-aminobutyric acid GABA-erg1c neuro
transmission through the binding on spe
cific BZD recognition sites, within the 
GABA (A) receptor-ion channel complex. 
However, it has been fotmd that BZD also 
act on peripheral benzodiazepine receptor 
sites (PBR) or translocator protein 18kDa 

(TSPO) (Gavish et al., 1999). Evidence for a 
direct inununomodulatory action for BZD 
emerged from the recent studies that dem
onstrated the presence of TSPO on im

mune/inflammatory cells (De Lima et al., 

2010). 

The production of antigen-specific anti
bodies represents a major defense mecha
nism of humoral immW1e responses. Data 
suggest that the primary antibody re
sponse to anti sheep RBC antibody (Anti
SRBC) may be one of the most sensitive 
endpoints available to assess chemical
induced alterations to the immune system. 
This endpoint has become the cornerstone 
of several recently established guidelines 
for assessing the potential immunotoxicity 
of xenobiotics (Ladies, 2007). 

Interleukin 2 (IL-2) is secreted primarily 
by activated T -lymphocytes and natural 
killer (NK) cells. It is necessary for regula
tory T cell maturation in the thymus and 
may also sensitize antigen-activated T 
cells to apoptosis. The importance of IL-2 

in supporting the immune response 
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makes this cytokine and its receptor a 
prime target for both activation and sup
pression. Additionally, its inhibition is 
critical for immunosuppression (Malek, 
2003; Leo and Hsieh, 2008). 

From a toxicological point of view, on 
reviewing the available published re
searches, it was noticed that there is little 
information regarding the influence of clo
nazepam and alprazolam on different 
body tissues and cells including the im

mune and vascular system. Most of the 
conducted works were focused on their al
teration of the immune function rather 
than the structure. So that, it was thought 
to be a particular interest to study the tox
ic effects of these commonly used drugs 
on these tissues at their maximum thera
peutic doses. 

AIM OF THE WORK 

The aim of the current work was to 
study the differential immunologic and 
vascular changes induced by short term 
chronic administration of clonazepam 
and alprazolam in non stressed and 
stressed adult male albino rats. 

MATERIAL AND METHODS 

1- Drugs: 
* Clonazepam: It was obtained from 

Roche, F. Hoffmann-La Roche LTd, Basel, 
Switzerland in the form of a sterile oral so-
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1ution contains 2.Smg I mi, supplied with 
its dropper (1 drop contains O.lmg clonaz
epam). On administration, each 0.5 mg of 
the drug was diluted with Sml of distilled 
water. 

* Alprazolam: in the form of white 
crystalline powder,· was obtained from 

Arnoun Pharmaceutical Industries Co., 
freshly prepared for oral gavage by dis-
solving it in distilled water (each 0.3 mg 
dissolved in 5 ml of distilled water). 

2- Kits: Mouse Interleukin-2 (IL-2) ELI
SA kit of Bioscience, Inc, Catalog Number: 
88-7024 was used as an enzyme-linked im

munosorbent assay for quantitative meas
urement of IL-2 in the serum. 

3- Sheep RBCs: \tVere obtained from 
the laboratory of Zoology Department, Fa
culty of Veterinary Medicine, Zagazig 
University. 

Experimental Design: Forty two adult 
male albino rats of average weight 200 gm 
were brought from the Animal House, Fa
culty of Medicine, Zagazig University, di

vided into 6 groups and caged under stan
dardized environmental conditions. 

Group I :Twelve rats were equally sub
divided into (Ia): Negative control rats, 
(Ib): Positive control rats, received daily 
oral dose (1 ml) of distilled water. 
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Group II : Six stressed rats, were sub
mitted to daily restraint stress at room 
temperature. 

Group III : Six non stressed rats were 
given daily oral dose of C1onazepam 
(0.5mg/kg) (Paget, and Barnes, 1964), for 4 
weeks. 

Group IV : Six stressed rats were 
given daily oral dose of Oonazeparn 
(0.5mg/kg), for 4 weeks. 

Group V : Six non stressed rats were 
given daily oral dose of Alprazolarn 
(0.3mg/kg) (Paget, and Barnes, 1964), for 4 
weeks. 

Group VI : Six stressed rats were given 
daily oral dose of Aiprazolam (0.3mg/kg) 
for4 weeks. 

Both drugs were used in their maxi
mum therapeutic dose for treatment of 
generalized anxiety disorders. 

At the end of the study, blood samples 
were collected from retro orbital plexus of 
the rats (5 ml). Total leukocytic count and 
di.fferential count were detected and im
munological studies were performed by 
measuring the anti sheep RBC hemagluti
nation (anti-SRBC) titer and the level of 
serum Interlukin-2 (IL-2). After that the 
rats were sacrificed and the thymus 
glands, lymph nodes, spleens and abdomi-
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nal aortae were dissected and submitted 
to histopathological examination. 

* Methods: 
* Restraint stress Procedure: It was 

done by following the procedure de
scribed by Glavin et al., 1994. Stress was 
applied by placing the animals (without 
squeezing or compression) in well
ventilated wire mesh restrainers for a sin
gle daily session of 2.5 h beginning at 9:00 
a.m. This procedure mimics stress that is 
largely psychological in nature. 

* WBCs count and differential count: 
Total leukocyte count was determined by 
using Coulter T660 hematology analyzer, 
Beckman Coulter, Inc., USA. Two ml of 
blood samples were collected in tubes con
taining 20ul EDTA solution and differen
tial count was done on Leishman stained 
peripheral blood smear. 

"' Humoral Immune Response: It was 
assayed by estimating Sheep RBC anti
body Titer (SRBC): In this test 1.5 ml of 
blood was collected, the serum was separ
ated and analyzed for hemagglutination 
titer according to the method described by 
Ladies et al., 2000. Two fold dilutions 
(0.025 mg) of sera were made in the micro
titer plates with saline. To each well 0.025 
ml of 1% (v/v/) SRBC was added. The 
plates were incubated at 37°C for 1 h and 
then observed for hemagglutination. The 
highest dilution giving hemagglutination 
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was taken as the antibody titer. The anti
body titers were expressed in a graded 
manner, the minimum dilution (1/2) be
ing ranked as 1. The mean ranks of differ
ent groups were compared for statistical 
analysis. 

* Cell mediated Immune Response: 
It was assayed through estimation of 

the cytokine, Interleukin-2 (IL-2): 1.5 ml of 
blood samples were left for clotting then 
centrifuged at 3000 rpm for 10 minutes. 
Serum samples were separated and kept 
frozen at- 20°C for determination of inter
leukin-2 (IL-2) by Enzyme Linked
Irnmuno-Sorbent Assay (ELISA) according 
to the method described by Hollander et 
al., 1998. The data analysis program auto
matically determined the concentrations 
of IL-2 in the samples by comparing the 
absorbency of the samples to the standard 
curve which demonstrated an inverse rela
tionship betvveen Optical Density (O.D.) 
and the cytokine concentration. IL-2 con
centration was represented as pg/ml. 

* Histopathological Examination: Par
affin blocks and sections of thymus 
glands, lymph nodes, spleens and abdomi
nal aortae were prepared, stained with 
Hematoxyline and Eosin and subjected to 
routine histological examination by fol
lowing the method described by Bancroft 
and Stevens (1996). 

* Statistical Analysis: SPSS Softvvare 
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program was used. Mean values (M)±SD 
were calculated. t-test and F test were per
formed. P value of less than 0.05 was con
sidered to be significant. 

RESULTS 

At the end of the 4th week of the current 
study, comparison between negative con
trol rats (group Ia) . and positive control 
rats (group Ib) showed a non significant 
difference in all tested parameters (P>O.OS) 
Table (1). 

Stressed non-treated rats (group II) 
showed a significant increase (P<O.OS) in 

the mean values of neutrophils as com
pared to control group (Ib). However, it 
showed a non significant change regard
ing the mean values of WBCs, lympho
cytes, eosinophils and monocytes, when 
compared with those of the control group 
(Ib) (p>O.OS). It also showed a significant 
decrease (p<O.OOl) in the mean values of 
anti-SRBC titer and a non significant de
crease (p>O.OS) in the mean values of IL-2 
as compared to the control group, as 
shown in table (1). 

Histopathological examination of the 
same group (group ll) showed minimal 
changes in the spleens and lymph nodes 
in the form of slight subcapsular edema as 
shown in figs. (2-a and 2-b), when com
pared to the normal architecture of control 
group (Figs. 1-a and 1-b). The thymuses 
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showed mild subcapsular edema while 
the Aortae showed eosinophilic vasculitis 
(Figs. 2-c and 2-d) as compared to the con
trol group (Ib) (Figs. 1-c and 1-d). 

Clonazepam-treated non stressed rats 
'(group Ill) showed a non significant 
change (P>O.OS) in the mean values of 
WBCs, lymphocytes, neutrophlls, eosino
phils and nonocytes when compared with 
those of the control group (Ib). It also 
showed a significant decrease (P<O.OOl) in 
the mean values of anti-SRBC titer and a 
non significant decrease (P>O.OS) in the 
mean value of IL-2 level as compared to 
the control group (Ib} Table (1). 

Compazison between the clonazepam
treated non stressed rats (group III) and 
the stressed non treated rats (group II) 
showed a non significant change (P>O.OS) 
in the mean values of all tested immuno
logic parameters except that of the neu
trophils. A significant increase (P<0.05) in 
the mean values of neutrophils was ob
served when compared with that of group 
Il as shown in table (2). 

The observed changed in the tested or
gans of the same group (group III) were in 
the form of congested red pulp of the 
spleen with normal white pulp, slight d~ 
pletion of the lymphoid follicles in the 
lymph nodes specimens (Figs. 3-a and 
3-b). Thymus glands showed subcapsular 
lymphoid follicles (Fig.3-c). Examination 
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of the Aortic tissues revealed multiple 
plaques protruded inside the arterial lu
men. These plaques were composed of 
smooth muscles and deposition of some 
foam cells (Fig. 3-d). 

Regarding donazepam-treated stressed 
rats (group IV), it showed a significant in
crease (P<0.05) in the mean values of neu
trophils. However, the mean values of 
WBCs, lymphocytes, eosinophils, and 
monocytes showed a non significant 
change (P>O.OS) when compared with 
those of the control group (Ib). It also 
showed a significant decrease (P<O.OOl) in 
the mean values of anti-SRBC titer, and IL-
2 level as compared to the control group. 
Tables (1 and 2). 

Moreover, it was found that clonaze
pam treatment in stressed rats (group N) 
induced hyaline degeneration of the wall 
of splenic arterioles with perivascular 
edema (Fig. 4-a). Lymph nodes examina
tion showed rruld depletion of lympho
cytes from subcapsular lymphoid folli
cles (Fig. 4-b). The thymuses showed mild 
depletion of the cortical lymphoid folli
cles and medullary congestion (Fig. 4-c). 
However, the media and intima of the ar
terial wall had no changes (Fig. 4-d). 

Alprazolam-treated non stressed rats 
(group V) showed a non significant 
change (P>O.OS) in the mean values of 
WBCs, lymphocytes, neutrophils, eosino-
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phils and monocytes when compared with 
the control rats (Ib). The mean values of 
anti-SRBC titer and IL-2 level showed a 
significant decrease P<O.OOl) as compared 
to the control group (Ib) Tables (1 and 2). 

Spleen sections of the same group (group 
V) showed depletion of the marginal 
lymphocytes in the white pulp (Fig. 5-a), 
and Lymph nodes had slight depletion of 
the lymphoid follicles (Fig. 5-b). Thymus 
glands also had mild depletion of the lym
phocytes from the lymphoid follicles and 
mild interstitial edema (Fig.S-c). On exam
ination of Aortic sections, they showed 
edematous walls, composed of degenerat
ed muscles with endotheliosis (Fig. 5-d). 

Comparison between alprazolam-
treated stressed rats (group VI) and con
trol rats (Ib)f showed a significant decrease 
(P<0.05) in the mean values of lympho
cytes, and a significant increase (P<0.05) 
in those of neutrophils. In contrast, a non 
significant change (P>O.OS) was detected 
in the mean values of WBCs, eosinophils 
and rnonocytes. The mean values of anti.
SRBC and IL-2 showed a significant de
crease (P<O.OOl) when compared with 
those of the control rats. (Tables 1 and 2). 

On comparing the immunologic find
ings of alprazolam-treated stressed rats 
(group VI) with those of the stressed non
treated rats (group II), it has been found 
that alprazolam induced a significant de-
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crease (P<O.OOl) in the mean values of 
anti-SRBC titer and IL-2level. Table (2). 

Histopathological findings of the same 
group (group VI) supported the previous 
results. Severe depletion of the white pulp 
lymphocytes and extensive hemorrhages 
in the red pulp with hemosiderosis and 
degenerated megakaryocytes were noticed 
on examination of spleen sections. Moreo
ver, edema and histocytes infiltrations 
were also observed in the red pulp of the 
spleens (Figs. 6-a and 6-b). Focal replace
ment of the lymph nodes subcapsular fol
licles with reticular cells and macrophages 
were also detected (Fig.6-c). Furthermore, 
thymus glands showed marked edema 
and congestion with few erythrocytes and 
leukocytes infiltrations (Fig.6-d). Eosino
philic vasculitis was evident on examina
tion of Aortic sections with thick tunica 
media. Eosinophils and round cells infil
trations in the tunica adventitia were also 
noticed as shown in fig. (6-e). 

When comparing clonazepam-treated 
non-stressed rats (group III) and alprazo
lam-treated non stressed rats (group V), a 
non significant difference (P>O.OS) was 
found in most of the tested parameters. 
The exception was the anti-SRBC ti.terf as 
alprazolam induced a significant decrease 
(P<O.OS) in its mean values when com
pared to those of clonazepam-treated non 
stressed rats. Comparison between clonaz
epam-treated stressed rats (group IV) and 
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alprazolam-treated stressed rats (group 
VI), showed that alprazolam induced a 
significant decrease (P<0.05) in the mean 
values of IL-2 level when compared with 
those induced by clonazepam. Table (2) 

Finally, when observing the differential 
toxic effects of clonazepam treabnent in 
non str·essed rats (group III) and in 
stressed rats (group N), a significant de
crease (P<0.05) in the mean values of anti
SRBC titer and IL-2 level was found in the 
clonazepam-treated stressed rats. Regard
ing the differential toxic effects of alprazo
lam treabnent in non stressed rats {group 
V) and stressed rats (group VI), it was 
found that alprazolarn induced a signifi
cant increase (P<O.OS) in the mean values 
of neutroph.ils and a significant decrease 
in the mean values of anti-SRBC titer and 
IL-2 level in the stressed rats (group VI) 
when compared to the non stressed rats 
(group V) as shown in table (2). 

DISCUSSION 

Benzodiazepines (BZPs) are widely 
used drugs as tranquilizers, anticonvul
sants and in various other indications as 
light anesthesia and skeletal muscle relax
ation. However, not all benzodiazepines 
have been tested for their immunotoxic 
effects (Huemer et al., 2010). 

In the current study two commonly 
prescribed BZPs (clonazepam and alpraz-
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olam) have been selected to study their 
immunologic and vascular toxic potential. 
Both anti-SRBC titer and IL-2 level were 
used to assess the humoral and cell medi
ated immune functions. 

IL-2 is necessary for the maturation of 
thymus lymphocytes, facilitation of immu
noglobulins' production made by B cells 
and the differentiation and proliferation of 
natural killer cells (Malek, 2003; Wald
mann, 2006). 

Moreover, it was observed that small 
numbers of sheep red blood cells (SRBC) 
markedly augmented the proliferation of 
T lymphocytes activated by antigens or 
mitogens. This effect occurred with as few 
as one SRBC per T lymphocyte and with 
intact or osmotically lysed red cells. It was 
also accompanied by increase in the inter
leukin-2 (Guo and White, 2010). 

The results of this study demonstrated 
a significant immunologic and vascular 
toxic effects of clonazepam and alprazo
lam in stressed rather than non-stressed 
adult male albino rats, after 4 weeks of 
their administration. These toxic changes 
were significantly encountered in the im
munologic parameters as neutrophils; 
lymphocytes; anti-SRBC and IL-2 (spe
cially in alprazolam-treated stressed rats), 
supported by the histopathological find
ings as depletion of lymphocytes from the 
spleens, lymph nodes and thymuses, con-
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gestion, edema, hemosiderosis, inflamma
tory cells infiltration, large vessels eosino
philic infiltration, vasculitis, plaques and 
degeneration. 

The previous results were in a harmony 
with those of Massoco and Palenno-Neto, 
(2003) and Huemer et al. (2010) who stat
ed that many benzodiazepines have pro
longed impairment of cellular immune 
functions in experimental animals after 
chronic low administration. 

It has been substantiated that stressful 
stimuli in man as well as in animals lead 
to suppression of the hwnoral and cellular 
components of the imrnnne system. It also 
found that central nervous system is in

volved in the regulation of stress-induced 
immune responsiveness (Yin et al., 2000). 

The results of the present study also 
showed that restraint stress produced an 
inhibition of SRBC antibody, that was 
worsen by the administration of either 
clonazepzm or alprazolam with inhibition 
IL-2. Kalashnikov et al., (2002) fonnd that, 
exposure to low doses of BZPs resulted in 
long~lasting reduction of TNF-alpha, IL-l, 
IL-6, IL-2 and interferon-gamma. 

In 1991, Chang et al. found that alprazo
lam induced severe inhibitory effects on 
the proliferative responses of both B- and 
T-cell. It also reduced production of IL-2 
by splenic T-cells, IL-1 and tumor necrosis 
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factor (TNF) by peritoneal macrophages. 
Moreover, a long lasting depression of 
lymphocytic proliferation has been de
scribed in offsprings of rats that were ex
posed to either diazepam or donazepam 
during pregnancy (Schlwnp£ et al., 1991). 

Regarding the toxic effects occurred to 
the differential WBC connts, Bautista
Quach et al., (2010) reported a case of pan
cytopenia following oral administration of 
0.25 mg clonazepam. twice a day for ap
proximately two weeks. 

Lymphocytic depletion, similar to those 
observed in the current study, was noticed 
in both red and white pulps of the spleen 
in rats treated with diazepam (0.1 mg) dai
ly for 4 weeks (Moris, 1991). Moreover, the 
observed hemosideriosis in spleens of al
prazolam-treated stressed rats may be at
tributed to increased erythrophagia (Pa
checo and Santos, 2002). In this context, it 
was found that diazepam accelerates 
RBCs destruction via inhibition of Ca+2 
A TPase on RBCs membrane (Seckin et al., 
2007). 

Several reports had identified BZPs pe
ripheral type binding sites (PBR) in the en
docrine steroidogenic tissues, immune or
gans and cells, such as macrophages and 
lymphocytes. Thus, the PBR may be a po~ 
sible primary target for the immunotoxic 
effects of BDZ (Righi et al., 1999). 

In the current study, immune and vas-
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cular toxic effects might be related to corti
sol production. West et al., (2001) stated 
that stimulation of PBR in steroidogenic 
tissues such as the adrenals increases glu
cocorticoid production. Glucocorticoid 
hormones are known for their potent im
munosuppressive and anti-inflammatory 
properties. 

Corticosteroids have been shown to 
promote the immune response during 
acute stress and to inhibit the immune re
sponse during chronic stress (Dhabhar 
and McEwen, 1997). On the other hand, it 
was found that restraint stress induces 
corticosterone secretion (Ll et al., 2000). 

It was found that elevated endogenous 
corticosteroids level was linked to reduced 
spleen cellularity and B cells function in 
mice (Shi et aJ ., 2003). Moreover, they pro
duced a neutrophilic leukocytosis, lym
phopenia and reduced anti-SRBC titer and 
IL-2 level, a picture similar to that detect
ed in the present study (Anderson et al., 

1999; Obmifiska-Jv1rukowicz and Szczyp
~ 2004). 

Alprazolam was 'tested previously for 
its effects on corticosteroids production. 
Chronic administration of alprazolam for 
29 days to hamster rats has resulted in in
creased cortisol and total glucocorticoid 
levels. It was concluded that alprazolam 
have a suppressive effect on cortisol pro
duction (Arvat et al., 1999). 
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On the other hand, clonazepam was 
shown to counteract the effect of stress on 
cortisol level (Chevassus et aJ., 2004). 

In this context, the cytokine system 
emerges as a good candidate. Indeed, the 
production and release of cytokines are 
known to mediate both inflammatory and 
immune responses (Wiegers and Reul, 
1998), and not only cortisol (Almawi et al., 
1996). Schlump£ et al., (1994) reported that 
PBR stimulation of macrophage and lym
phocyte membranes changes the cytokine 
network. 

Interestingly, the action of the PBR li
gands seems to be connected with the 
blockage of voltage dependant Ca+2 chan
nels (Ostuni al., 2004). Calcium release ap
peared to be essential forT cell activation, 
cytokine synthesis and proliferation. Both 
increases and decreases in intracellular 
Ca2+ have been linked to apoptosis (Lep
ple-Wienhues et al., 1999; Mason, 1999). 

Clonazeparn was found to have a strong 
binding capacity to peripheral benzodiaz
epine receptors in rat's aortic smooth mus
cles compared to other benzodiazepines. 
These binding sites were concentrated in 
the mitochondria (Cox et al., 1991). 

Peripheral benzodiazepine receptors 
binds with high affinity to cholesterol and 
transports it across the mitochondrial 
membrane (Papadopoulos et al. 1997), this 
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may explain appearance of foam cells and 
degeneration of smooth muscle observed 
in the aortae of clonazepam treated rats. 

Tanimoto et al., (1999) found that stim
ulation of the thymus PBR induced apop
tosis in the thymocytes. This action was 
accentuated by dexamethasone adminis
tration. 

Ekonomopoulou et al., (2010) reported 
that alprazolam, diazepam and lorazepam 
exhibit cytogenetic activity in nonnal hu
man lymphocyte cultures. A possible mu
tagenic action could explain their immu
notoxic effects (Gi.ri and Banerjee, 1996). 

Furthermore, an in-vitro study carried 
out by Saha et al., (2009) concluded that al
prazolam can strongly interact with DNA 
that resulted in conformational changes in 
the DNA. Similarly, Iakovidou-I<ritsi et 
al., (2009) found that alprazolam induces 
genotoxicity and cytotoxicity in human 
lymphocyte cell culture at doses equiva
lent to oral doses, with a significant in
crease of Sister Chromatid Exchanges on 
peripheral human lymphocytes in vivo. 

It seems relevant to point out that al
prazolaro has a tri.azolo- ring, and a - CH 
3- group that could interact with DNA 
as an alkylating agent (Brambilla et al., 
2007). 

In contrast to the current results, Freire-

Mansoura J. Forensic Med. Clin. Toxicol. 
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Garabal et al., (1991) found that chronic 
administration of alprazolam for one 
month alleviates stress- induced suppres
sion of thymus and spleen cellularity in 
mice after laparotomy. Covelli et al., 

(1998) also reported that alprazolam be
haves as an immunoenhancer, that en
hances the immune cells function. 

Thus, clonazepam and alprazolam ap
peared to modulate immune respon
siveness in both non-stressed and stressed 
animals, albeit in a differential manner 
and these effects are mediated via the al
teration of the in immune system organs' 
structure (histopathological lesions). 

CONCLUSION 

It was concluded that immune system 
and blood vessels can be adversely affect
ed by short term chronic administration of 
alprazolam to a greater extent than clonaz
epam, and these toxic effects are aggravat
ed by stress. Further, the results of the 
present study raise concern regarding 
safety of benzoctiazepines' administration 
for long periods. 
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Table (l ): Immunologic parameters in the different study groups after 4 weeks (Anova test). 

Control rats Stressed Non Stressed Non Stressed 

Group I rats stressed t stressed + 

+ Clooazepam + Alprazolam 

Test (Meant S'O) (Mean tSO) Cloonepam (MeantSD) Alprazolam (Mean tSD) F p 

Group 1 Group I (Mean!SD) (MeaotSD) 

{a) (b) Croup II Croup IV Croup V Group VI 

Croup II 

Total Leukocyte 

count (xl~I"JJm1) 8.41± 1.10 M3±0.7 8.39± 0.82 8.37±1.30 8.31± 0.61 8.28±0.61 8.21± 0.7 0.05 0.90 

,..... Lymphocyte 7.21 ± 0.7 6.8± 1.9 6.7± 1.4 6.8± 1.7 6.6± 1.3 G.S± 1.4 5.1±0.5 2.39 0.03• e 
E 
' 0 NeutrophUs 0.90 ± 0.3 0.9 ± 0.6 1.8 t 0.3 1.0± 0.2 1.9 ± 0.8 1.0± o.s 1.8 ± 0.2 5.98 0.001* ..... 
~ 
c 
:I 

8 Eosir.ophils 0.8± 0.1 O.B± 0.1 0.8 ± 0.09 0.8± 0.1 0.8 ± 0.1 0.8± 0.0 0.8± 0.1 0.31 0.92 
"; 
'Il 
c 
6> .. Mon~cytes 0.41±0.1 0.4±0.3 0.4±0.3 0.4± 0.2 0.4± 0.2 0.4± 0.2 0.4t0.3 OM 0.99 
~ 
0 

Anti·SRBC titer 5.87 ± 032 5.95 ± 0.3 4.50± 0.25 4.00± 0.32 3.27 ± 0.25 4.77 ±0.32 3.18 ± 0.22 83.4 o. 001* 

1[,.2 (pgfml) 38.0± 6.2 38.1 ± 5.5 36.7± 6.7 35.5± 3.1 32.6± 6.7 33.0± 5.2 28.4± 6.1 11.7 o. ot• 

•Significant: p < 0.05.; n=6 rats per group. 
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Table (2): Comparison of the mean values for each parameter assessed in the different study groups (LSD test). 

WDC Lymphocytes Neutropblls Eoslnophils Monocytes Anti.·SRBC IL·Z 

Pl(ln.ll) 0.')72 0.727 0.01 0.904 0.909 o.oot• 0.390 

Pt (l• .. IUJ 0.950 0.773 0.684 0.945 0.965 0.001* 0.064 

p3 (h'-IVJ 0.854 0.663 0.037" 0.828 0.895 0.001 ~ 0.001* 

P,ttn. V) 0.811 G.432 0.768 0.873 0.929 o.oot• 0.001" 

p$(h.,VI) 0.720 0.047" o.oo7• 0.781 0.997 0.0011 0.001° 

P&(llyc. lll] 0.973 0.934 0.019* 0.949 0.892 0.127 0.364 

p1(11v.,IY) 0.872 0.932 0.801 0.947 0.997 0.001" 0.016• 

Pa(IJ ... V) 0.824 0.777 0.053 0.994 0.865 0.396 0.01981 

.P, (lln.Vl) 0.725 0.189 0.919 0.896 0.926 0.001 * 0.001" 

PtO(Ill• .. IY) 0.917 0.863 0.051 0.873 0.879 0.032* 0.0395" 

Pn (llln.Y) 0.876 0.683 0.977 0.928 0.969 0.033" 0.0518 

Pntuov..vl) 0.786 0.1302 o.oos• 0.819 0.973 0.016° 0.001• 

Pu(rv ... Y) 0.948 0.859 0.079 0.9217 0.849 0.001' 0.780 

Pu(IVn.VI) 0.834 0.236 0.847 0.936 0.919 0.75 2 0.01231 

Pul" YL VI) 0.883 0.226 0.034 * 0.856 0.946 0.001" O.OOl" 

Group [ : controli Group U: stressed non treated rats; Group Ill: non stressed rats received clonazepam; 

Group IV: stressed rats received clonazepam; Group V: non stressed rats received alprazolam; 

Gl'Oup VJ: stressed rats received alprazolam.; • Significant: p < 0.05. 

Mansoura J. Fore11sic Med. Clin. Toxicol. Vol. X1X., No. 2, July 2011 
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1-a 1-b 

1-c 1-d 

Figure (1): Control rat (group I): a) spleen section showing normal structure (H&E, X 200), b) Lymph node 

section showing normal structure (H&E, X 200), c) Thymus section showing normal structure 

(H&E, X 400), d) Large artery section showing normal structure, (H&E, X 200) . 

Mtmsourn J. Forensic Med. Clin. Toxicol. Vol. XIX, No.2, July 2011 
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2-a 2-b 

2-c 2-d 

Figure (2): Stressed non treated rat (group ll): a) spleen section showing normal white pulp and prolifera

tion of reticular cells (H&E, X 200), b) Lymph node section showing normal lymphoid follicles 

and mild subcapsular edema(H&E, X 200), c) Thymus section showing mild subcapsular edema 

(H&E, X 400), d) Large artery section showing eosinophilic vasculitis and eosinophils infiltta

tions, (H&E, X 400). 
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3-a 3-b 

3-c 3-d 

Figure (3): Clonazepam-lreated unstressed rat (group ill): a) spleen section showing normal white pulp and 

congested red pulp (H&E, X 200), b) Lymph node section showing mild edema among slightly 

depleted lymphoid follicles (H&E, X 200), c) Thymus section showing normal subcapsular lym

phoid follicles (H&E, X 200), d) Large artery section showing plaque protruded inside the arterial 

lumen and presented by proliferation of smooth muscles and deposition of some foam cells 

(H&E, X 200). 
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4-a 

4-c 4-d 

Figw:e (4): Clonazepam-treated stressed rat (group IV): a) spleen section showing hyaline degeneration of 

the wall of splenic arteriole and perivascular edema (H&E, X 400), b) Lymph node section show

ing mild depletion of lymphocytes from subcapsular lymphoid follicles (H&E, X 400), c) Thymus 

section showing mild depletion of the cortical lymphoid follicles and medullary congestion 

(H&E, X 200), d) Large artery section showing normal media and intima (H&E, X 200). 

Mausoura ]. Forensic Med. Cli11. Toxicol. Vol. XIX._ No.2, July 2011 
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5-a 5-b 

5-c 5-d 

Figure (5): Alprazolam-treated unstressed rat (group V}: a) spleen section showing depletion of the marginal 

lymphocytes in the white pulp (H&E, X 400), b) Lymph node section showing mild depletion of 

Jymphocytes from subcapsular lymphoid follicles (H&E, X 200), c) Thymus section showing de

pletion of the lymphocytes from the lymphoid follicles and mild interstitial edema (H&E, X 200), 

d) Large artery longitudinal section showing wide space (edema) between degenerated muscles 

and endotheliosis, (H&E, X 400). 
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6-a 6-b 

6-c 6-d 

6-e 

Figure (6): Alprazolam-treated stressed rat {group VI): a) Splee.('l sectio.('l showing severe depletion of the 
lymphocytes from the white pulp and extensive hemorrhages in the red pulp (H&E, X 400t b) 
Spleen section showing hemosiderosis, degenerated megakaryocytes and edema in the red pulp 
besides histiocytes inii.ltrations(H&E, X 400), c) Lymph node section showing focal replacement 
of subcapsula.c follicles with reticular cells and macrophages (H&E, X 400), d) Thymus section 
showing showing subc<~psular edema, congested capJllaries and few erythrocyte and leukocytes 
in£iltrations (H&E, X 200), e) Large artery section showing eosinophilic vasculitis with thick tuni
ca media and eosinophils and round ce!Js infiltratiOflS in the tunica adventitia, (H&E, X 200). 
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