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ABSTRACT

Coadminisration of an immunosuppressive cyclosporine A (CSA) and nonesteriodal antiinfilammatory drug (NSAID), sodium diclofenac (SD) increases the efficacy for relief pain for patients with rheumatoid arthritis. However, clinical studies showed enhancement of cyclosporine toxicity upon this combination. Neurotoxicity is one of the most significant side effects of CSA toxicity.  To characterized biochemical parameters of neurotoxicity, the study was assessed the effect of CSA (10mg/kg) alone or in combination with SD ( 10 mg/kg) for 6weeks on energy metabolism (ATP and glucose metabolism), oxidative stress [ MDA (end product of lipid peroxides), NO (nitric oxides, as total nitrate), GSH (reduced glutathione), LDH (lactic dehydrogenase enzyme)], and monoamines [dopamine (DA), noradrenalin (NA) and serotonin (SR)] in five different brain areas (cerebral cortex, cerebellum, Striatum, pons, and thalamus & hypothalamus) of adult albino rats.  CSA alone inhibited energy production (ATP and glucose metabolism), alternated oxidative stress through increasing levels of MDA and LDH, and decreasing levels of GSH and NO in blood and tested brain areas tissues as well as it inhibited neurotransmitters releases. When SD combined with CSA, it enhanced CSA-induced inhibition of mitochondrial energy, inhibition of neuroamines release and increase oxidative stress alternations. The study also extended to evaluate and compare the protective effect of taurine (a major intracellular free ß-amino acid and potent endogenous antioxidant) with bismuth subnitrate (BSN), an antiulcer drug and a specific inducer of metalothionine (MT) in infected tissues, against neurotoxicity induced by concurrent administration of CSA and SD. BSN co-administration could somewhat reduced CSA-induced neurotoxicity only through ameliorated oxidative stress state by showing significant increase in the level of GSH,  and  significant reduction in the level of MDA and LDH activity. Whereas the co-administration of the potent cytoprotective antioxidant, taurine, antagonized all CSA negative effects, by ameliorating CSA-induced mitochondrial dysfunction, improvement oxidative stress and modulated neurotransmitters. [Nature and Science. 2009;7(10):37-48]. (ISSN: 1545-0740).
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INTRODUCTION

       Cyclosporine A is an immunosuppressive undecapeptide drug, which is most frequently used in transplant surgery and in the treatment of autoimmune disease (Allison, 2000). The adverse effects of CSA include acute and chronic nephrotoxicity, neurotoxicity, hypertension, and new-onset diabetes (Kozlowska et al, 2006). Cyclosporine is a calcineurin inhibitor that inhibit nuclear factor of activated T cells results in inhibition of interleukin 2 production in the T cells. The most limiting side effects of calcineurin inhibitors is nephrotoxicity (Dunn et al, 2001) followed by neurotoxicity (Wijdreks, 2001). Even though nephrotoxicity remain the biggest problem with CSA treatment, CSA dependent neurotoxicity occurs up to 60% of organ transplant patients and also can lead to serious life-threatening condition and to withdrawal of CSA from patient’s regimen (Helderman et al, 2003). CSA-induced neurotoxicity was reported in stem cell transplant recipient (Raza et al, 2007), in hematopoeitic malignancies after allogenic bone marrow transplantation (Bartynski et al, 2005). Brain is the organ with the highest demand for oxygen and oxidative energy production. The central intermediate substance of oxidative metabolism is acetyl–coenzyme A, which can originate from carbohydrates, fatty acids, or amino acids. Brain, in contrast to other organs, utilizes only glucose to produce ATP and lacks the enzyme for ß-oxidation of fatty acids. (Serkova et al, 2004). Mitochondrial encephalopathies (ME) are a heterogeneous group of metabolic diseases characterized by mitochondrial malfunction that leads to cellular energy failure and cells damage (Serkova et al, 2004).

     Although CSA has been shown in a series of controlled trails to be of benefit, patients continue to require NSAID, as Sodium diclofenac (SD), for relief of joint pain and stiffness (Rossi, 2006). SD is a NSAID, taken to reduce inflammation and an analgesic reducing pain in condition such as in arthritis or acute injury (Rossi, 2006).The adverse effects of SD include, gastrointestinal complaints, liver damages, acute and chronic nephrotoxicity, heart attack, bone marrow depression (Brater, 2002; Rossi 2006 and Solomon et al, 2006), and develop neurological side effects such as; confusion, depression, dizziness, headache, sedation, sleep disturbance, somnolence (Slagle, 2001). In experimental animals, SD was found to decrease neuron number of the rat hippocampus (Gokcimen et al, 2007). 
     Long term treatment of NSAID leaded to ulceration and gastrointestinal bleeding. Hence most patients must receive ulcer-protection drugs as bismuth subnitrate (BSN) during long term treatment with SD. Many studies showed that BSN can protect tissues against toxicity by inducing metalothionine in these tissues (Kondo et al, 2004).
    Taurine is sulfur containing ß-amino acid; it was found to play an important role in the field of cytoprotective through its antioxidant effect (Erdem et al, 2000). Taurine was found to have a modulated action against neurotoxicity (Louzada, 2004).

    Based on these observations, the study aimed to study the positive or negative effects upon drug interaction for patients receiving CSA, SD. and BSN, upon neurotoxicity induced by CSA. Also the study extended to compare and through light on the possible ameliorative effect of the potent cytoprotective antioxidant taurine as well as BSN, against neurotoxicity induced by concurrent administration of CSA and SD.
MATERIALS AND METHODS

Animals

     A total number of 56 female albino rats weighing 120±20g B.wt were used. The animals were brought from laboratory animal breeding of National Organization for Drug Control and Research (NODCAR), Giza, Egypt. They were kept under strictly hygienic conditions. They were put on a standard basal diet and allowed free access to drinking water.
Materials

-Bismuth subnitrate, taurine and cyclosporine A were purchased from Sigma Co. USA.

-Sodium Diclofenac was purchased from Egyptian market pharmacy, ADWIC. 
The tested drug doses were equivalent to the daily human doses, freshly prepared before administration, dissolved in water except BSN dissolved in citrate solution, and given orally. 
Experimental design
Rats were classified into 7 equal groups each comprises 8 rats and treated daily for 6 weeks, as follow:

G1; Control group (CN), fed on basal diet and orally administered citrate solution as vehicle.

G2; Taurine control group (T), orally administrated 500 mg/kg of taurine.

G3; BSN control group (B), orally administrated 15 mg/kg of BSN. 

G4; Cyclosporine A group (CSA), orally administrated 10 mg/kg of CSA

G5; Combined treated group (CSA+SD), orally administrated 10 mg/kg of CSA plus 10 mg/kg of sodium diclofenac.

G6; Taurine treated group (T+C), treated as in G5 and supplemented with 500 mg/kg of taurine.

G7; Bismuth treated group (B+C), treated as in G5 and supplemented with 15 mg/kg of BSN.
At the end of the treatment schedule, blood samples were taken from each rat and then they were sacrificed, brain tissues were removed, some subjected to histopathological examinations as described by Bancrofet et al. (1996), the others were homogenated in 4 different areas ( cerebral cortex, cerebellum, pons, and thalamus & hypothalamus) in iced 10% KOH. Separated sera and supernatant of homogenate tissues were processed for the biochemical analysis; ATP was determined by the method of (Zhang et al, 2000), blood glucose by (Trinder 1969), oxidative stress (MDA, NO, as total nitrate and GSH were determined by HPLC methods of Karatepe (2004); Everett et al, (1995); Jayatilleke & Shaw (1993) respectively. LDH, were determined by the commercial kits of (Buhl and Jackson, 1978).

 Monoamines; DA, NA and SR were measured by HPLC chromatography according to the methods of Pagel et al, (2000).
Statistical analysis, were done using SPSS ANOVA test version 11.5, P≤0.05 was considered significant.
RESULTS AND DISCUSSION
        Neurotoxicity is one of the most significant clinical side effects of the immunosuppressive undecapeptide cyclosporine A, CSA, occurring at some degree in up to 60% of transplant patients. The clinical mechanisms of CSA-induced neurotoxicity remain controversial and poorly understood. It was found that the clinical symptoms of CSA neurotoxicity mimic those of mitochondrial encephalopathy (ME) (Beal, 1998; Serkova et al, 2004). ME are a heterogeneous group of metabolic diseases characterized by mitochondrial malfunction that leads to cellular energy failure with increased lactate production through increasing activity of LDH release (Serkova et al, 2004).
Table (1): The effect of taurine and BSN against CSA and SD on the levels of ATP (nmol/gm) in different brain areas after 6 weeks of treatment.
	Groups

(n=8)
	Cerebral

cortex
	Cerebellum


	Striatum


	Pons


	Thalamus&

hypothalamus

	CN
	1.494 ±  0.047
	1.460 ±  0.058
	1.391±  0.043
	1.354 ±  0.027
	1.250 ±  0.047

	T
	1.515 ±  0.073
	1.467 ±  0.063
	1.414 ± 0.065
	1.346 ±  0.040
	1.247 ±  0.044

	B
	1.482 ±  0.052
	1.499 ±  0.073
	1.380 ± 0.047
	1.349 ±  0.031
	1.269 ±  0.070

	CSA
	1.316 ± 0.031*
	1.392 ±  0.066
	1.278 ± 0.039*
	1.310 ±  0.044
	1.135 ± 0.031*

	CSA+SD
	1.233 ± 0.032*,a
	1.417 ±  0.034
	1.158±0.044*,a
	1.266 ± 0.017*
	0.934±0.045*,a

	T+C
	1.379 ±0.038*,b,c
	1.426 ±  0.035
	1.348± 0.033b,c
	1.350 ± 0.029b
	1.166±0.034b,c

	B+C
	1.231 ± 0.051*,a
	1.428 ±  0.053
	1.190 ± 0.063*
	1.335 ±  0.022
	1.00 ±  0.056*


 - Significant difference vs. CN: *P<0.05, between CSA & CSA+SD: aP<0.05, between CSA+SD and treated groups:  bP<0.05,   between T+C & B+C: cP<0.05. 
Confirming with the recent study of Leu et al, (2008) who demonstrated sever CSA neurotoxicity including chondoriod encephalopathy, seizures, paralysis, coma, and cerebella ataxia. The brain, in contrast to the other organ utilizes only glucose to produce ATP and lack the enzyme for B-oxidation of fatty acids, Metabolism of one molecule of glucose produces thirty-six molecules ATP: Two ATP through cytosolic glycolysis, two ATP via the mitochondrial Krebs cycle, and thirty-two molecules through mitochondrial oxidative phosphorylation.  It should be obvious that disturbances in mitochondrial glucose metabolism would lead to a considerable decrease in energy production, which, in the brain, cannot be compensated by ß-oxidation of fatty acids (Serkova et al, 2004).  These later observations were in good keeping with the present study that showed treatment rats with CSA (10 mg/kg/day for 6 weeks), exhibit a significant (P<0.05) decrease in ATP concentrations (Table1), accompanied by significant increase (P<0.05) in the levels of blood glucose concentrations (Table 3& Figure A).
Table (2.I): The effect of taurine and BSN against CSA and SD on the levels of MDA (nmol/gm) in different brain areas after 6 weeks of treatment.
	Groups


	Cerebral cortex
	Cerebellum


	Striatum
	Pons
	Thalamus&

Hypothalamus

	CN
	39.43 ± 0.92
	40.87 ±1.12
	41.18 ±11.14
	51.60 ±0.97
	44.18 ± 0.97

	T
	37.21 ± 1.11
	39.43 ± 0.37
	40.22 ± 13.01
	52.90 ± 0.90
	42.19 ± 1.12

	B
	38.80 ± 0.89
	38.60 ± 1.00
	42.17 ± 1.06
	49.09 ±1.27
	42.50 ± 0.72

	CSA
	39.37 ± 0.63
	50.04 ± 0.82*
	61.49 ± 1.13*
	63.09 ± 0.37*
	43.01 ± 1.06

	CSA+SD
	47.27 ± 1.09*,a
	48.95 ± 0.76*
	59.58 ± 0.72*
	63.01 ± 0.92*
	45.39 ± 0.67

	T+C
	30.68 ± 0.97b,c
	35.11 ± 1.09b,c
	41.08 ± 0.86b,c
	52.94 ± 1.01b
	42.39 ± 0.80

	B+C
	40.58 ± 1.15b
	42.40 ± 1.23b
	47.60 ± 1.10b
	54.91 ± 1.27b
	43.84 ± 0.68


- Significant difference vs. CN: *P<0.05, between CSA & CSA+SD: aP<0.05, between CSA+SD and treated groups: bP<0.05,       
    between T+C & B+C: cP<0.05. 
        This interpreted the finding of earlier investigators who demonstrated that the cerebral energy metabolism is the most sensitive indicator of CSA neurotoxicity in vitro, even 100 ng/ml CSA added to incubation medium or perfusate reduces high-energy phosphate (ATP) concentrations by 20% (Serkova et al, 1999). Inhibition of mitochondrial glucose metabolism (the Krebs cycle and oxidative phosphorylation) was accompanied by increased reactive oxygen species (ROS) production (Christian, 2004) that it considered to be another responsible factor for CSA-induced neurotoxicty. The same pattern of metabolic changes was found in the present study, that showed significant increasing (P<0.05) in the level of serum and brain MDA (end product of lipid peroxides),    accompanied    by   significant 
decrease (P<0.05) in the level of non enzymatic antioxidant reduced glutathione vs. non treated control (Table2I, II & 3,)
Table (2.II): The effect of taurine and BSN against CSA and SD on the levels of GSH (umol/gm) in different brain areas after 6 weeks of treatment.
	Groups

(n=8)
	Cerebral

cortex
	Cerebellum


	Striatum
	Pons


	Thalamus&

Hypothalamus

	CN
	3.94 ± 0.09
	4.07 ± 0.06
	3.82 ± 0.07
	4.60 ± 0.07
	4.84 ± 0.09

	T
	3.97 ± 1.11
	4.14 ± 0.37
	4.01 ± 0.14
	4.59 ± 0.09
	4.90 ± 0.11

	B
	3.88 ±  0.09
	3.86 ± 0.14
	3.89 ± 0.06
	4.79 ± 1.27
	4.69 ± 0.07

	CSA
	3.67 ± 0.05*
	3.21 ± 0.08*
	3.04 ± 0.09*
	3.09 ± 0.17*
	4.41 ± 0.06*

	CSA+SD
	3.07 ± 0.09*,a
	3.12 ± 0.07*
	2.88 ± 0.22*
	3.01 ± 0.09*
	4.33 ± 0.07*

	T+C
	3.68 ± 0.07*,b,c
	3.59 ± 0.09*,b
	4.08 ± 0.09b,c
	3.94 ± 0.06*,b,c
	4.79 ± 0.10b

	B+C
	3.41 ± 0.05*,b
	3.43 ± 0.11*,b
	3.55 ± 0.10*,b
	3.45 ± 0.07*,b
	4.58 ± 0.09b


- Significant difference vs. CN: *P<0.05, between CSA & CSA+SD: aP<0.05, between CSA+SD and treated groups: bP<0.05,       

    between T+C & B+C: cP<0.05. 
Table (2.III): The effect of taurine and BSN against CSA and SD on the levels of NO as total nitrate   (nmol/gm) in different brain areas after 6 weeks of treatment.
	Groups

(n=8)
	Cerebral

cortex
	Cerebellum


	Striatum
	Pons

 
	Thalamus&

hypothalamus

	CN
	51.75 ± 1.66
	45.50 ± 1.02
	62.11 ± 1.22
	55.41 ± 2.11
	43.45 ± 0.77

	T
	47.89 ± 1.93
	45.87 ± 1.04
	65.22 ± 1.91
	57.85 ± 1.98
	41.74 ± 0.79

	B
	53.74 ± 2.20
	44.78 ±1.11
	61.52 ± 2.12
	59.00 ± 2.22
	45.98 ± 0.02

	CSA
	43.14 ± 1.64*
	36.37 ± 1.41*
	51.11 ± 0.99*
	50.87 ± 1.14*
	36.74 ± 1.01*

	CSA+SD
	32.04 ± 1.79*,a
	34.99 ± 1.41*
	49.74 ± 0.88*
	46.46 ± 1.11*,a
	37.00 ± 0.87*

	T+C
	41.88 ± 1.12*,b,c
	42.18 ± 1.71b,c
	56.15 ± 1.94b,c
	53.22 ± 0.95b
	44.41 ±1.21b

	B+C
	34.11± 1.15*,a
	37.01 ± 1.54*
	47.33 ± 1.01*
	48.73 ± 1.17*
	39.69 ± 1.94


- Significant difference vs. CN: *P<0.05, between CSA & CSA+SD: aP<0.05, between CSA+SD and treated groups: bP<0.05,       

       between T+C & B+C: cP<0.05.
Treatment with CSA has been shown to increase O.-2, H2O 2 and OH. – radicals production (Hagar, 2004). The main detoxifying system for lipid peroxides is GSH. The decrease in GSH following CSA observed in this study greatly supported the role of ROS in CSA neurotoxicity. Cyclosporine is a calcineurin inhibitor, the most limiting side effects of calcineurin inhibitors is inhibition of NO production, through a calcinurin-regulating eNOS dephosphorylation (Kou et al, 2002)., which lead to vasoconstriction (Gitanbeek et al, 1999). So it was postulated that CSA can induce neurotoxicity indirectly through its vasoconstriction (Serkova et al, 2004). Another side effect of calcineurin inhibitors is increased activity of LDH and lactate accumulation (Higginson et al, 2002). 
 Table (3):The effect of taurine and BSN against CSA and SD on the levels of serum MDA (umol/ml), GSH (nmol/dL), NO (nmol/ml), LDH (umol/ml) and glucose (mg/dL) after 6 weeks of treatment.

	Groups

(n=8)
	MDA

(umol/ml)
	GSH

(nmol/dL)
	Nitric oxide

(NO2&NO3)

(nmol/ml)
	LDH

(umol/ml)
	Glucose

(mg/dl)

	CN
	0.73 ± 0.014
	85.50 ± 3.42
	32.11 ±1.52
	168.25 ± 6.54
	87.33 ± 2.87

	T
	0.68 ± 0.018
	85.87± 2.04
	29.82 ±1.41
	170.88 ± 6.69
	91.22 ± 1.98

	B
	0.76 ± 0.040
	84.18 ± 4.11
	31.52 ±1.12
	171.33 ± 4.79
	92.11 ± 2.72

	CSA
	1.33 ± 0.030*
	73.87 ± 4.41*
	25.21 ±1.99*
	243.88 ± 5.87*
	114.13 ± 3.08*

	CSA+SD
	1.62 ± 0.047*,a
	64.99 ± 2.41*,a
	21.87±1.18*
	335.88 ± 7.05*,a
	121.78±3.11*,a

	T+C
	0.97 ± 0.049b,c
	79.18 ± 2.77b
	29.15 ± 1.44b
	214.13 ± 6.76*,b
	93.78 ± 3.04b

	B+C
	1.13 ± 0.057b
	77.01 ± 4.54b
	23.33 ±1.81
	212.13 ± 5.56*,b
	95.56 ± 3.17b


- Significant difference vs. CN: *P<0.05, between CSA & CSA+SD: aP<0.05, between CSA+SD and treated groups: bP<0.05,       

       between T+C & B+C: cP<0.05.
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Figure (A):  % Changes from control values to show the effect of taurine and BSN against CSA and SD on the levels of serum MDA, GSH, NO, LDH and glucose after 6 weeks of treatment.
These results are in agreement with the data of the present study that revealed a significant decrease in the level NO as well as increase in activity of LDH  release (Table3 & figure A, P<0.05 vs. to untreated control group). In agreement with the earlier studies of Serkova et al, (2001) who found a decrease in ATP concentrations accompanied by increased lactate concentration in blood and rat brain after six day of CSA treatment. Another study in the skeletal muscle cells showed increased activity of LDH after CSA treatment, which was related to calcineurin inhibition by CSA (Higginson et al, 2002).  The data depicted in Table (4I, II, III) showed significant inhibition (P<0.05) of the neurotransmitters (AD, DP & SR)
generation. In agreement, it was found that CSA-induced inhibition of energy  production was accompanied by reduction of glutamate and γ-amino butyric acid (GABA),   neurotransmitters generated from Krebs cycle which identified by MRS in rat brain extract (Serkova et al 2001). This result suggests that CSA induced neurotoxicity through its exictotoxic damage of neuron by inhibiting GABAnergic transmission. The histopathological examination made on the brain of CSA-treated rats, showed structural changes include congestion in choroids, in med brain, in blood capillaries of cerebral cortex, edema of the meninges and hemorrhage in the fissure between the two hemisphere (Fig 2a, b)
Table (4.I): The effect of taurine and BSN against CSA and SD on the levels of NA (ug/gm) in different brain areas after 6 weeks of treatment.
	Group

(n=8)
	Cerebral

cortex
	Cerebellum
	Striatum
	Pons
	Thalamus&

hypothalamus

	CN
	0.483 ± 0.026
	0.643 ± 0.021
	1.450 ± 0.056
	1.127 ± 0.041
	1.311 ± 0.048

	T
	0.465 ± 0.031
	0.639 ± 0.020
	1.425 ± 0.070
	1.136 ± 0.045
	1.305 ± 0.040

	B
	0.458 ± 0.041
	0.658 ± 0.023
	1.471 ± 0.046
	1.193 ± 0.035
	1.278 ± 0.087

	CSA
	0.427 ± 0.025
	0.570 ± 0.029*
	1.275 ± 0.067*
	0.919 ± 0.059*
	1.166 ± 0.052*

	CSA+SD
	0.372 ± 0.030*
	0.498 ± 0.032*,a
	1.198± 0.087*
	0.876 ± 0.046*
	1.145 ± 0.054*

	T+C
	0.458 ± 0.031b,c
	0.589 ± 0.022b,c
	1.363 ± 0.071b
	1.006 ± 0.039b,c
	1.249 ± 0.059

	B+C
	0.380 ± 0.042*
	0.518 ± 0.020*
	1.213 ± 0.058*
	0.889 ± 0.064*
	1.197 ± 0.073


- Significant difference vs. CN: *P<0.05, between CSA & CSA+SD: aP<0.05, between CSA+SD and treated groups: bP<0.05,       

       between T+C & B+C: cP<0.05.

Table (4.II): The effect of taurine and BSN against CSA and SD on the levels of DP ((ug/gm)) in different brain areas after 6 weeks of treatment.
	Group

(n=8)
	Cerebral

cortex
	Cerebellum
	Striatum
	Pons
	Thalamus&

hypothalamus

	CN
	0.574 ± 0.014
	0.994 ± 0.028
	0.925 ± 0.030
	0.789 ± 0.017
	0.855 ± 0.026

	T
	0.549 ± 0.021
	1.007 ± 0.021
	0.918 ± 0.035
	0.778 ± 0.025
	0.903 ± 0.015

	B
	0.557 ± 0.022
	0.992 ± 0.025
	0.911 ± 0.031
	0.792 ± 0.035
	0.836 ± 0.030

	CSA
	0.437 ± 0.014*
	0.721 ± 0.037*
	0.816 ± 0.013*
	0.559 ± 0.036*
	0.797 ± 0.031

	CSA+SD
	0.415 ± 0.018*
	0.682 ± 0.043*,a
	0.732 ± 0.023*,a
	0.594 ± 0.035*
	0.785 ± 0.022*

	T+C
	0.590 ± 0.012b,c
	0.976 ± 0.022b,c
	0.819±0.016*,b,c
	0.651±0.024*,b
	0.891 ± 0.019b,c

	B+C
	0.436 ± 0.014*
	0.715 ± 0.021*
	0.712 ± 0.020*
	0.617 ± 0.024*
	0.769 ± 0.030*


- Significant difference vs. CN: *P<0.05, between CSA & CSA+SD: aP<0.05, between CSA+SD and treated groups: bP<0.05,       

       between T+C & B+C: cP<0.05.

Table (4.III): The effect of taurine and BSN against CSA and SD on the levels of  Serotonin (ug/gm) in different brain areas after 6 weeks of treatment.
	Group

(n=8)
	Cerebral

cortex
	Cerebellum
	Striatum
	Pons
	Thalamus&

hypothalamus

	CN
	0.394 ± 0.017
	0.660 ± 0.018
	0.511 ± 0.018
	0.352 ± 0.011
	0.850 ± 0.027

	T
	0.365 ± 0.013
	0.647 ± 0.023
	0.534 ± 0.021
	0.348 ± 0.010
	0.887 ± 0.020

	B
	0.382 ± 0.022
	0.639 ± 0.023
	0.495 ± 0.007
	0.349 ± 0.013
	0.889 ± 0.020

	CSA
	0.356 ± 0.021
	0.592 ± 0.016*
	0.487 ± 0.009*
	0.350 ± 0.014
	0.855 ± 0.021

	CSA+SD
	0.283 ± 0.012*,a
	0.627 ± 0.024*
	0.454± 0.014*,a
	0.333 ± 0.010
	0.834 ± 0.025

	T+C
	0.379 ± 0.008b,c
	0.666 ± 0.025b,c
	0.488 ±0.009b,c
	0.350 ±0.009
	0.861 ± 0.024

	B+C
	0.301 ± 0.011*
	0.608 ± 0.023*
	0.450 ± 0.013*
	0.330 ± 0.009
	0.815 ± 0.016


- Significant difference vs. CN: *P<0.05, between CSA & CSA+SD: aP<0.05, between CSA+SD and treated groups: bP<0.05,       

       between T+C & B+C: cP<0.05.
Studies demonstrated a correlation between clinical symptoms of CSA-dependent neurotoxicity and morphological changes in the brain, such as hypodensity of white matter, cerebral edema, metabolic encephalopathy, and hypoxic damage (Gopal et al, 1999; Shah, 1999). 
Another principal mechanism for CSA neurotoxicity is that CSA-mediated neurotoxicity caused by a direct effect of CSA on nervous tissue, earlier reports demonstrated that CSA was present in cerebrospinal fluids of patients treated with the drug (Wijdiks, 2001). 
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Fig (1a): Brain of CN group showing the normal histological structure of meninges (M) and the cerebral cortex (CC).                                                                                                                           (H&E X 64). 
Fig (1b): Brain of CN group showing the normal histological structure of the cells in the corpus callosum (CM) of med brain.                                                                                                               (H&E X 64).
Fig (1c):  Brain of CN group showing the normal histological structure of the cerebellum (CL).(H&E X64).
Fig (2a): Brain of CSA group showing congestion in choroids plexus (p) and hemorrhage in the fissure between the two hemisphere (h).                                                                                          (H&E X 64).

Fig (2b): Brain of CSA group showing capillaries congestion with hemorrhage (h) in the two cerebral hemis-phere.                                                                                                                          (H&E X 64).
Fig (3): Brain of T+C group showing congestion in blood vessel of med brain (v).                    (H&E X 64).
Fig (4a): Brain of CSA+SD group showing focal hemorrhage in between degenerated cells of corpus callosum as well as hemorrhage (h) oedema (o) and congested blood capillaries.(CV) in the fissure between corpus callosum and cerebral cortex.                                                                     (H&E X 64).
Fig (4b): Brain of CSA+SD group showing severs dilatation and congestion of the blood vessels (bv) with hemorrhage in the fissure between the cerebral tissue and med brain.                                 (H&E X 64).
Fig (5): Brain of B+C group showing congestion in blood capillaries (v) and oedema (arrow) of the meninges as well as congestion in blood capillaries (cv) of cerebral cortex.                       (H&E X 64).
        In the brain of lung-transplanted monkeys treated with CSA, low CSA concentrations were found in the brainstem (tissue-to-blood partition coefficient: 0.3), cerebellum (0.2), and cerebrum (0.3) (Serkova et al, 2004). Even though distribution of CSA into the brain was less than its distribution into other target organs of CSA toxicity (i.e., kidney; kidney-to-blood distribution coefficient: 4.3), CSA was detected in the brain of each study animal. Finally, studies of Sercova et al, (2002) have shown that in the rat, CSA not only penetrates brain tissue, but the drug is also found in mitochondria isolated from CSA treated brain, in vivo as well as in vitro. These results were in good keeping with the present study which showed that all tested brain areas affected by CSA toxicity and exhibited marked inhibition of mitochondrial energy, inhibition of neuroamines release and generation of free radicals result in increase oxidative stress alternations. The potency of affected brain area were arranged of ordered; cerebral cortex > striatum > cerebellum = pons > thalamus &hypothalamus (Table 5 & Figure B).
Table (5): The percentage differences from the control values to show the potent effected brain areas [Cerebral cortex (CT), Cerebellum (CR), Striatum (ST), Pons (P), and Thalamus & hypothalamus (H)] against CSA and SD-induced neurotoxicity.

	Parameters
	CT
	CR
	ST
	P
	H

	MDA
	↑
	↑
	↑
	↑
	↑

	
	20%
	22%
	45%
	22%
	3%

	GSH
	↓ 22%
	↓ 23%
	↓ 25%
	↓ 35%
	↓ 11%

	NA
	↓  23%
	↓ 23%
	↓ 17%
	↓ 22%
	↓ 13%

	DP
	↓   28%
	↓ 31%
	↓ 21%
	↓ 25%
	  ↓

	
	
	
	
	
	8%



	SR
	↓   28%
	↓
	↓ 11%
	↓ 
	↓ 

	
	
	5%
	
	8%
	2%

	NO
	↓ 38%
	↓ 23%
	↓
	↓ 16%
	↓ 15%

	
	
	
	20%
	
	

	ATP
	↓ 17%
	↓ 
	↓ 17%
	↓
	↓ 25%

	
	
	3%
	
	6%
	

	Average change /area
	25%
	19%
	22%
	19%
	11%
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 Figure (B): The percentage differences from control  
          values to show the potent effected brain areas  

          against CSA&SD-induced neurotoxicity.

          Coadminisration of CSA with the nonesteriodal antiinfilammatory drug (NSAID) sodium diclofenac (SD) increases the incidence of neurotoxicity. The data recorded in the combined treated group (CSA+SD), depicted in tables (1, 2I, II, III & 3), showed significant decrease in ATP, GSH, and NO production in blood and brain tissue (P<0.05 vs. CSA treated alone), increment of both serum and brain MDA, LDH release and increase in blood glucose concentration (P<0.05 vs. CSA treatment). Earlier evidences revealed that SD induced toxicity may involve production of ROS leading to oxidative stress and massive genomic DNA fragmentation and apoptotic cell death (Hickey et al, 2001). In addition, significant increase of brain MDA production accompanied with significant reduction in GSH levels that reflected by significant inhibition of dopanergic neurotransmitter in mice treated with NSAIDs (Salwa et al, 2002). Furthermore, it was found that co-administration of NSAIDs enhanced the excitatory effect of ofloxacin by decreasing the inhibitory amino acid GABA, inhibiting the release of monoamines including NA, DP, and serotonin in rat brain tissue (Nadia et al 2004). It was found that most NSAIDs penetrate poorly into the CNS. However, the cyclooxygenase (COX) enzymes are expressed constitutively in some areas of the CNS, meaning that even limited penetration may cause adverse effects such as somnolence and dizziness (Rossi, 2006). Confirming the biochemical results in present study, histopathological observations in brain tissues of combined treatment showed structural changes in brain more than observed in CSA alone, it showed severs dilatation and congestion of the blood vessels with sever hemorrhage in the two cerebral hemisphere, cerebellum, cerebral tissue, med brain and in the fissure between them in plus to edema of the meninges than that observed in CSA treatment alone (Fig4a,b). The primary mechanism responsible for SD anti-inflammatory/analgesic/antipyretic action is inhibition of prostaglandin synthesis by inhibition of cyclooxygenase (Slagle, 2001) lead to reducing formation of leukotrienes that it might be responsible for its neurotoxicity. It was fount that the decrease in the level of prostaglandin in different tissue might be responsible in the dysfunction of this organ. Decrease prostaglandin in epithelium of stomach cause gastrointestinal bleeding (Rossi 2006). In kidney cause nephrotoxicity (Brater, 2002; Rossi, 2006), in heart cause heart attacks (Solomon et al 2006). Long term treatment of NSAID develop neurological side effects included; confusion, depression, dizziness, headache, sedation, sleep disturbance, somnolence (Slagle, 2001).These neurological side effects might be due to the inhibition of prostaglandin synthesis in neuron tissue. This postulation can confirmed the result of Whelton, (1999) and Huang, (2000) who demonstrated that neurotoxicity of NSAIDs is due to renal insufficiency of prostaglandin that lead to development of CNS toxicity. On the other hand drug interaction between immunosuppressive and NSAIDs increase the level of immunesupp-ressive in blood. Thus coadministration of SD with SCA might responsible in increasing its level in blood and in turn increased the incidence of neurotoxicity of CSA. This postulation was in good keeping with the study of Mignat (1997), which described an increased risk of CNS toxicity following the combined use of NSAID and immunosuppressive drugs. To interpret the latter observations, the present data strongly explored potential drug interactions when CSA co-administered with SD that cause deleterious effects on brain tissue that enhancement inhibition of mitochondrial energy, inhibition of neuroamines release and increase oxidative stress.  

     On other hand, BSN co-administration antagonized to a lesser extends some of CSA & SD-induced neurotoxicity. It has been shown to attenuate the level of GSH, decreased MDA production on both blood and tested brain areas (Table2I, II) as well as reduces serum LDH activity (Table 3). On contrast, BSN have no effect on NO production and could not succeeded to ameliorate CSA-induced inhibition of both mitochondrial energy and neurotransmitters release (Tables1 & 4I, II, III). Furthermore the histopathological changes that induced by CSA & SD treatment were still observed and could not be attenuated by BSN treatment (Fig 5). It was found that Bi can produce neurotoxic effects in both humans and animals under certain dosing condition (a single 2500 mg/ kg i.p.), the pattern of regions and cells with the highest Bi accumulation is very similar to pattern reports for xenobiotic metals (i.e. mercury, silver, gold) and supports the hypothesis that these metals may share some mechanisms for entry, distribution and storage in the brain (Ross et al, 1996) on other hand, Noach, et al, (1995) concluded that the normal use of BSN and bismuth subcitrate does not exhibit clinical neurotoxicity. This later finding was in agreement with the present results, which does not exhibit any neurotoxic symptoms, when rats treated with 15 mg/kg of BSN alone. BSN an antiulcer, used to protect against ulceration produced with long treatment of SD. Many studies showed that BSN can protect renal tissues against drug toxicity by inducing metallothionine (MT) in renal tissues (Kondo et al, 2004). MT is a thiol rich protein contain sulfur group that bind with radical peroxide to protect cell from radicals induced damage. Furthermore BSN found to bind to and induce GSH as similar as MT, as seen by the extended x-ray absorption (Sun et al, 1999). To interpret the latter observations, the present result showed that BSN markedly increase (P<0.05) the lower level of GSH induced by CSA (Table 2I). GSH is an efficient endogenous antioxidant defense system operates to compact free radicals and plays a vital role in protection of cells against oxidative stress and detoxification of xenobiotes including CSA. Thus induction for brain GSH by BSN might be the major role of BSN in, somewhat, protecting brain tissue against CSA-induced oxidative damage and neurotoxicity.

On the other hand, the co-administration of the potent cytoprotective antioxidant, taurine, antagonized (P<0.05) all CSA negative effects, by antagonizing CSA & SD-induced mitochondrial dysfunction showed significant increase in serum and brain ATP, and increase in blood glucose concentration (P<0.05 vs. CSA & SD treated group), improvement oxidative stress by increasing the level of serum and brain GSH & NO and decline of serum and brain MDA product, and decrease activity of LDH release (P<0.05 vs. CSA & SD treated group), as well as modulated neurotransmitters release by increasing the level of NA, DP & serotonin as regarding to the level recorded in CSA&SD treated group (Tables1, 2I, II, III, 3 & 4I II, III). Taurine, a ß-amino acid found at high concentrations in the brain. It was postulated that neuroprotective action of taurine may be through several mechanisms, include; 1) activation of GABA receptors that decreases neural vulnerability to exictotoxic damage (Louzada, 2004) in agreement it was found that CSA-induced exictotoxic damage to neuron through inhibition of glutamate and GABAergic transmission (Serkova et al, 2001) which accompanied by inhibition the release of monoamins (NA, DP & SR).  2) It can interfere with the activity of the renin-angiotensin-aldosterone system and minimized the elevation in serum cytokine, endothelin, and thromboxane B2 and inhibited the proliferation of vascular smooth muscle cells (Hu et al, 2009), in addition it increased serum levels of nitric oxide and nitric oxide synthase (Fennessy et al, 2003; Hager et al, 2006), which all lead to inhibit vasoconstriction induced by CSA and attenuated its neurotoxicity. 3) taurine is a potent antioxidant and may attenuate tissue lipid peroxication either by scavenging a wide variety of oxygen derivative free radicals or by binding Fe2+ like a chelator or forming chloramines with HOCl and HOCl-metalloproteins, or by binding to or complixing the sulfonic acid group (SO3-) to free metal ion species such as Fe2+, Cu+ or oxidant metalloprotein (Erdem et al, 2000). Treatment of rats with taurine attenuated CSA-induced depletion of GSH. It was being found that taurine has the ability to increase intracellular and extracellular GSH; this might be a crucial factor in protecting brain tissue in CSA-induced oxidative damage. Finally, the data presented here suggest that concomitant use of the antioxidant taurine might be useful in reducing CSA-mediated neurotoxicity and also postulated that taurine has a protective action against a variety of toxins where cellular damage is a consequence of ROS. Confirming the biochemical results, histopathological changes that induced by CSA & SD treatment showed marked improvement by taurine treatment, except some congestion in blood vessel of med brain was observed (Fig 3).
     In conclusions, this study indicated that; there was a negative relationship when CSA co-administered with SD and a positive one when co-administered with taurine and to a lesser extend positive relation when combined with BSN against CSA-induced neurotoxicity. 2) Reactive oxygen species (ROS) is one of the most key roles in mediating the negative effects of CSA. 3) Taurine has more potent effect than BSN. 4) Taurine exhibited protective effect against a variety of CSA side effects, the potent of which exist where cellular damage is a consequence of ROS. 5) Histopathological examination done on brain sections reinforced the results obtained.
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