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Abstract: Half of patients with neuropathic pain develop mood disorders such as depression and anxiety, but
the mechanisms that underlie this comorbidity are not fully understood. we opted for an experimental approach
based on activation of the immune system in rats with injured sciatic nerve and explore the gonadotropic axis
in order to achieve the following objectives:- try to show that there are links between the immune system and
the neuroendocrine system through measures of some neurobiological parameters (time swimming, climbing
and immobility in the forced swimming test) and hormonal (testosterone and oestradiol),- attempt to explain the
mechanisms involved in the onset of mood disorders in ligated animals (injury sciatica) and treated with BCG.
In our study we induced neuropathic pain associated with activation of the immune system by injection of 0.02
ml BCG or immuno-suppression by injection of 0.02 ml (20mg/kg) of Cyclosporin A (CsA).The means of
investigation have been measuring the level of depression using Porsolt swim test (Forcing Swiming Test) and
assessment of steroid hormones (testosterone and oestradiol) by the ELISA method. Our results showed that
ligation has no effect on the forced swimming after 10 and 20 days post-surgery, whereas after 30 days it exerts
an antidepressant effect.BCG treatment comes in two stages, an early phase depressogenic-like and late phase
antidepressant-like. These effects are associated with hormonal variations (testosterone and oestradiol).
Activation of the immune system (BCG) increases the testosterone level and decreases oestradiol's. Conversely,
immunosuppression (CsA) counteracts these effects and causes a decrease in testosterone and an increase of
oestradiol. There are neuro-immune-endocrine mechanisms responsible deleterious or beneficial effects in the
living organism. Otherwise, these mechanisms will result in a disruption of homeostasis and lead to mood
disorders.
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INTRODUCTION In  addition to the psychological characteristics,

Half of patients with neuropathic pain develop mood component of depression. Thus, it was observed a
disorders such as depression and anxiety [1, 2], but the hyperactivity of the hypothalamic-pituitary-adrenal (HPA)
mechanisms that underlie this comorbidity are not fully in patients with depression [4]. In fact, these patients
understood. The accumulation of evidence suggesting a have increased plasma and urinary cortisol levels and a
role for the inflammatory immune component in the markedly elevated levels of CRH (Corticotrophin-
etiology of the underlying depression [3]. Depression is Releasing Hormone) in the cerebrospinal fluid [5-7].
a mood disorder characterized by clinical symptoms listed Cortisol being unable to stop the production of ACTH
in the DSM IV (Diagnostic Statistics Manual) such as low and CRH, the hypothesis of a dysfunction of the negative
self-esteem and loss of pleasure or interest in activities feedback of the HPA axis in depression has been
that are usually experienced as pleasant by individual. suggested [8, 9].

many studies have established a neurobiological
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The involvement of monoamines in depression was attempt to explain the mechanisms involved in the
also proposed after the observation that some substances
capable of inducing their depletion resulted the
development of depressive symptoms [10]. In addition,
depression may be associated with alterations in the
cerebral production of serotonin (5-HT), noradrenalin
(NA) and dopamin (DA) [11-13]. Reduced concentrations
of NA and 5-HT were observed in the cerebrospinal fluid
of depressed patients [14-16].

The relationship between the immune system and
depression has been a number of studies showing that
depression was associated with impaired functioning of
the immune system [17-19]. In vitro it has been shown
that this immunosuppression was characterized by a
reduction in the proliferation of T and B lymphocytes as
well as the NK cell activity [18, 20]. In addition, it has been
observed an increased plasma production of inflammatory
cytokines: IL-1â, IL-2, IL-6, IL-10 and IFN-gamma [21, 22]
and that increased concentrations of IL-1â and IL-6 in the
cerebrospinal fluid of patients with depressive disorders
[23]. This strong cytokine production correlates with the
severity of mood disorders. It has been suggested that
activation of the immune system may be involved in the
pathogenesis of major depression [24-26]. In addition, the
observation that a third of patients with cancer or
hepatitis C and subjected to immunotherapy develop
mood disorders, supports the theory of a relationship
between cytokines and depression [27, 28].

Under certain conditions such as infection or in
chronic conditions including an inflammatory component,
or experimental inoculation of bacteria
(lipopolysaccharide: LPS, AIF, or BCG) activation of the
immune system can lead to the development of disorders
mood [29]. Clinical data show that the intensity of mood
disorders frequently observed in the administration of
therapeutic inflammatory cytokines is correlated to the
decrease of circulating levels of the amino acid precursor
of serotonin, tryptophan (Trp) [27, 28].

From all the data, we opted for an experimental
approach based on activation of the immune system in
rats with injured sciatic nerve and explore the
gonadotropic axis in order to achieve the following
objectives:

try to show that there are links between the immune
system and the neuroendocrine system through
measures of some neurobiological parameters (time
swimming, climbing and immobility in the forced
swimming test) and hormonal (testosterone and
oestradiol),

onset of mood disorders in ligated animals (injury
sciatica) and treated with BCG.

MATERIAL AND METHODS

Biological Material: Our biological material is male Wistar
rat aged  about  six (06) months and average weight of
250g± 10g purchased from the Pasteur Institute of Algiers.

The animals were raised in polyethylene cages. They
underwent an adjustment period of four (04) weeks in the
environmental conditions of the experiment room (natural
photoperiod, humidity, temperature, etc...). Their food
consisted of corn, barley, milk and vitamin supplements.
Drinking water is served ad libitum.

The rats were subjected to natural photoperiodic
regime. Because of the extreme susceptibility to stress
response systems to all kinds of aggression, we attached
great importance to the conditions of daily manipulation
and the environment where the noise is reduced. The
animals were handled by the same experimenters. The rats
were randomly divided into four (04) groups: control
(n=8), sciatic nerve ligation group (Lig) (n=8), sciatic
nerve ligation treated with BCG (Lig+BCG) (n=8) and
sciatic nerve ligation treated with BCG+cyclosporin
(Lig+BCG+CsA) (n=8).

Sciatic Nerve Ligation  sciatic Nerve Injury : The rat
model Ratus ratus Wistar strain underwent ligature of the
sciatic nerve while the sural nerve left intact. The results
lesions of hypersensitivity is marked in the lateral region
of the leg that is innervated by the sural nerve was
spared. The non-operated side of the rat was used as
control.

The rats suffered surgery "sciatic nerve
ligation"(sciatic nerve injury). Following this operation,
the subjects received a treatment with anti-Cyclin at a
dose of 0.3 ml per day for five (05) days by intraperitoneal
injection, after a period of complete rest for ten (10) days
(including days of treatment antibiotic) before restarting
a second battery of tests similar to the previous one. At
the end of the second battery, the rats were injected with
0.02 ml of BCG and experimental protocol resulted with a
third and final set of tests.

Experimental Protocol
Anesthesia:

Rats anesthetized by intraperitoneal injection of a
ketamine 0.3ml / 100g + a drop orally Largactil
(chlorpromazin).
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Animals placed in a calm and quiet place until fully Post-surgery Period:
anesthetized.
Verification of rats reflexes by pinching the tip of the Verification of the sufficiency of eye ointment.
tail and legs with a pair of tweezers to ensure the Rat placed in a clean cage under a paper towel in a
immobility of animals before any surgery. comfortable posture to room temperature.
Shaving drapes (using an electric razor) slightly Water and food are easily accessible for the animal
below the knee area to the hip area. operated.
Application of an ophthalmic ointment to the eyes of Intra-peritoneal injection of the antibiotic in a 0.3ml
animals using a cotton swab. dose for five (05) days after surgery.
The animal was placed on its right side (or left) and Conduct a battery of behavioral tests (neuropathic
placement of the left hind limb (or right) on a small pain and anxiety and depression measures) after ten
platform in order to keep it high. Leg fixation with (10) days of the surgery.
tape.
Disinfection of the operative field with alternating Application of Treatments
scrubs of ethanol and betadine outside the surgical Treatments bacillus Calmette Guerin (BCG): The freeze-
site. dried BCG vaccine comes from the cultivation of sub-

Surgery: attenuated strain of Mycobacterium bovis suspended in

Location knee with the thumb of the left hand and Sauton growth medium, then mixed with the lyophilized
use a scalpel to make an application. A few cm monosodium glutamate. BCG cultures are viable upon
incision in the proximal longitudinal direction of the reconstitution. BCG vaccine is provided as a multi-dose
knee. vials together with a diluent consisting of sterile saline
Open the skin by blunt dissection using the tip of a buffered with phosphate containing 0.025% polysorbate
pair of sterilized scissors. 80. The concentration of the reconstituted vaccine is 8 x
Separation of the muscular layer by dissection just 105-32 x 105 colony forming units (CFU) per adult dose of
next to the clearly visible blood vessel, close to the 0.1 mL (= 0.1 mg BCG), equivalent to 4 x 105-16 x 105 CFU
femur (thigh bone). The muscle layers are easily per child dose of 0.05 ml (= 0.5 mg BCG).
separated without bleeding, revealing the sciatic The dose of BCG (10 CFU / rat) was selected
nerve right or left below the muscle. according to the indications given by Moreau et al.,

It should be noted that in case of bleeding due to (ID) in a volume of 0.02 ml / rat. Control rats received no
damage of a blood vessel near the knee, they must be injection.
sterilized using a cotton bud body to absorb the blood by
pressing until the bleeding stops. Treatment  with  Cyclosporine  (CsA):  Cyclosporine is

Rat under a stereo microscope to gently separate the in  the  early  1980s,  enabled  a  boom  in  the  field of
muscles with a pair of tweezers sterilized to clearly organ transplantation by preventing acute allograft
visualize the sciatic nerve. rejection.
Identification of the area and the collateral Today it is widely used in transplantation (skin,
saphenous branches of the sciatic nerve knowing heart, kidney, lung, pancreas, bone marrow and small
that the sural nerve is the smallest of the three intestine), though challenged by newer molecules.
branches. Cyclosporine A is the main form of the drug. It is a cyclic
Creation of a surgical tight knot around the sciatic peptide of eleven (11) amino acids synthesized by a
nerve. If the first node is a member of the  tight microscopic fungus, Tolypocladium niveum (= T.
contractions will be observed. inflatum) W. Gams. It contains amino acids dextrogyrous
Cut the suture ends with a pair of micro scissors and zarely encountered in nature.
gently closing the muscle layer. Adding a drop of Cyclosporine was administered intradermally (ID) in
lidocaine on the wound and suture with surgical a volume of 0.02 ml / rat and, after 24 hours of injection of
knots. BCG.

strain of the bacillus Calmette Guerin Connaught, an

monosodium glutamate. BCG cultures were spread on

7

(2008) [37]. The vaccine was administered intradermally

an   immunosuppressive   agent whose   therapeutic  use
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Fig. 1: Schematic illustration of the experiment

Forced Swimming Test: The forced swim test [31-33] is a at 5000 rpm to be used for hormone assays of
behavioral test of inducing despair in rats by placing the testosterone and oestradiol, which measured these levels
animal 15min in a glass aquarium 54 cm height (34 × by the BIOTECH conventional ELISA test kit, with a
60cm) . This dimension ensures that the rat can´t escape TECAN ELISA reader equipped with Magellan computer
by climbing to the edges of the device. The aquarium is software that automatically calculates the standard range
filled with water (26 C) to a height of 40 cm, in order to and provides the value of the hormone to the desired unit
ensure that the rat will not use his legs to keep the surface directly.
and thus force him to swim. The procedure of forced
swimming (FST) in rats occurs in two phases: the pre-test Statistical    Analysis:     Data     are     presented as
and test, separated by an interval of 24 hours. During the mean ± SEM. Data were analyzed by one-way ANOVA
pre-test, the rat was placed for 15 min. At the end of and Newman and Keuls or Benferroni as the post hoc test.
session, the animal is immobile. The next day, the animal Results were considered significant at p <0.05. Graph Pad
plunged into the aquarium for 5 min. The swimming Prism 5 for windows version 5.01 was used to do the
session on each day was videotaped for behavioral analysis.
analysis. The time of immobility, swimming and climbing
are calculated. RESULTS

Blood Sample Collection and Hormanal Assays Evolution of Forced Swimming Test Parameters:
(Testosterone and Oestradiol): Retro-orbital blood Immobility time (sec), Swimming time (sec) and climbing
samples were collected. Blood samples were centrifuged time (sec) in control, LIG and LIG+BCG groups: 
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Fig. 2: Evolution of forced swimming test parameters: Immobility time (A)(sec), Swimming time (sec)(B) and climbing
time (sec)(C) in control, LIG and LIG+BCG groups (*p<0.05, ** p <0.01, *** p <0.001).
The  ANOVA1  for  the  immobility  time (C) reported a significant effect of ligation and treatment (F = 3.671;
R squared = 0.186; p <0.0048). The Newman-Keuls test indicated a significant increase in immobility time in
LIG01 vs BCG01 (q = 5.759, p <0.05).
ANOVA  1  for  swimming  time  (A)  reported   a   significant   effect   of   ligation   and  treatment (F = 18.16;
R squared = 0.531; p <0.0001). The Newman-Keuls test indicated a significant increase in swimming time in
LIG01+BCG vs LIG01 (q = 5.996, p <0.05).
The  ANOVA1  for  climbing  time  (B)  reported  a  significant  effect  of  ligation  and   treatment  (F = 4.114;
R squared = 0.189; p <0.0021). The Newman-Keuls test indicated a significant decrease in climbing time in LIG02
vs controls (q = 4.776, p <0.05); LIG+BCG02 vs control (q = 3.963, p <0.05). 

Variation of testosterone (ng/ml) and oestradiol (ng/ml) levels in control, LIG and LIG+BCG groups

Fig. 3: Variation of testosterone (ng/ml) and oestradiol (ng/ml) levels in control, LIG and LIG+BCG groups (*p <0.05,
**p <0.01, ***p <0.001).
ANOVA 1 for testosterone reported a significant effect of ligation and treatment (F = 16.8; R squared = 0.657;
p <0.0001). The Newman-Keuls test indicated a significant increase in testosterone levels in LIG vs LIG+BCG
(q = 10.27, p <0.05); by cons there is a significant decrease in LIG+BCG + CsA vs LIG+BCG (q = 6.791, p <0.05).
ANOVA 1 for oestradiol levels reported a significant effect of ligation and treatment (F = 26.73; R squared =
0.810; p <0.0001). The Newman-Keuls test indicated a significant decrease in oestradiol levels LIG+BCG vs
control (q = 13.20, p <0.05); LIG+BCG+ CsA vs control (q = 8.86, p <0.05), by cons there is a significant increase
in lots: LIG+BCG vs LIG+BCG+CsA (q = 4.337, p <0.05).
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DISCUSSION reduced the immobility by increased climbing time and

Activation of the immune system in patients is time by increasing the swimming time [33, 38].
associated with an increased prevalence of symptoms of Steroid hormones, specifically testosterone and
depression [33]. In this study, we used the BCG oestradiol, may also be involved in these behavioral
inoculation to induce chronic activation of the immune disturbances. The results (Figs. 5,6) show that BCG leads
system. to increased serum testosterone levels associated with

As such, we analyzed the neuropharmacological decreased levels of oestradiol. Similar trends were
effects, the test level forced swim or FST (Forced Swiming obtained following treatment with Incomplete Freund's
Test). The FST is an animal model of depression which Adjuvant (IFA). This leads us to think that it is rather
represents an aversive stressful situation where rats can non-specific immunity which is called to mind in these
not escape and produces a stillness, that is to say, a neurophysiological mechanisms causing degradation and
behavioral despair [33, 34]. The antidepressant drug / or repair. This is supported by the fact that treatment
profile can be examined using an FST, which is one of the with an immunosuppressant (cyclosporin: CsA)
most commonly used tests to evaluate antidepressant counteracts the effects of BCG.
activity because it is sensitive to all major classes of We may also report a hormonal conversion problem
antidepressant drugs [35]. In the FST, rats show active inter-steroid under the effect of activation of the immune
behavior, that is to say, swimming and climbing, as well as system (Figs 5, 6) where the treatment with BCG (immune
passive, that is to say still. Molecules which decrease the activation) causes an increase of testosterone and a
duration of immobility in the FST are considered effective decrease in oestradiol. Unlike the cyclosporin treatment
antidepressants [33, 35]. (immunosuppression SI) results in a decrease in

In our results concerning the FST we found that after testosterone associated with an increase of oestradiol.
30 days (post ligation) lesion of sciatica causes an
antidepressant effect expressed by the decrease in the CONCLUSION
immobility time. The combination of BCG (immune
stimulation) in neuropathic pain (sciatic injury) shows that In our study, we tried to show that there are
BCG causes spatiotemporal evolution of the forced neuroanatomical mechanisms, multiple hormonal and
swimming parameters, with a depressant-like effect during molecular, through which the central nervous system
the first phase (10 days post BCG) then the opposite communicates with the immune system and, in particular,
effect antidepressant-like (after 20 days post BCG). These with lymphocytes. Disturbances in the major
findings clearly show that BCG is acting in two phases: an neurotransmission systems of the Central Nervous
early first phase (deleterious depressinogène-like System (dopamine, norepinephrine, serotonin) and the
according to FST) and a second late phase (restorative HPA axis, as observed in cases of psychiatric disorders,
antidepressant). are dependent on changes in the functions and

It has been shown that inoculation of BCG causes metabolism lymphocytes.
persistent activation of IDO (Indoleamine-pyrrole 2,3- These  changes are very sensitive to the expression
dioxygenase) enzyme responsible for the degradation of of  the neuroactive  peptides  such  as  neurotrophins
tryptophan, the peripheral and brain level in rats up to (allo-pregnanolone),  hormones   and   many  cytokines
three weeks, resulting in reduced levels of tryptophan and and  their receptors  and   their   genes.   The  similarities
thus 5HT (serotonin) [36, 37]. This activation is mediated in  the  properties  of  receptors  and  transduction
primarily by interferon gamma (IFN-ã) [38], which once process  of  lymphocytes and CNS suggest that cells
again confirms the spatiotemporal evolution of the forced could be used as basic tools (biomarkers) essential to
swimming. research on CNS pathology in cases of psychiatric

In our results (Figs 2,3,4), we found that the disorders.
reduction in the immobility time of the ligated rats treated Specific molecular methods to the analysis of gene
with BCG is in favor of an increase in swimming time. This expression in immune cells would allow us to study the
difference is very important since neuropharmacological interactions neuroimmunological in cases of psychiatric
theoretically during the FST, producing a noradrenergic disorders and provide us with useful information about
antidepressants or dopaminergic predominant elevation, the potential of these cells.

those that produce serotonin elevation reduce immobility
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