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Abstract 

Diabetic neuropathy (DN) is the most common diabetes complication. This study aimed to investigate the possible 

neuroprotective effects of the n-BuOH extract of Capparis spinosa (BECS) against DM-neuropathy induced with 

streptozotocin (STZ) and explore its phytoconstituents. From our results, BECS showed no toxicity against C6 brain cancer 

cell lines. The treatment of male Swiss albino rats with BECS (200 mg/kg) for a period of 28 days significantly attenuated the 

adverse effects of STZ-induced diabetes (60 mg/kg). A decrease in blood glucose was noted in the BECS-STZ group, 

associated with a significant (p<0.01) improvement in serum and brain insulin levels. The BECS- treated group showed a 

significant (p<0.01) improvement in serum C-peptide, serum AGE and serum CK-BB levels. BECS was also successful in 

restricting HbA1c in STZ-treated rats. Furthermore, a resurrection of neuronal membrane integrity was manifested in the 

BECS+STZ group, as evidenced by increased brain LDH activity and reduced brain MDA level. Treatment of STZ-treated rat 

with BECS was also able to significantly (p<0.01) regulate markers of brain dysfunction (AChE and BChE activities and 

glutamate ,dopamine levels). Additionally, treatment of rats with BECS efficacy restored the GSH level and GSH-system 

enzymes towards normal levels. Regarding the levels of (IL-6, TNF-α, and NO) produced by diabetogenic effects of STZ, the 

BECS successfully regulated these inflammatory mediators. From all these results, the neuroprotective effect of BECS could 

be due to its richness in polyphenols identified by LC-MS/MS (both positive and negative modes) analysis, mainly 

chlorogenic acid and rutin, as well as the synergistic interactions of all contents. 

Keywords: Diabetic Neuropathy, Sreptozotocin, Capparis spinosa, LC-MS/MS analysis, Oxidative stress, Inflammation.

1. Introduction 
Diabetes mellitus (DM) is now the biggest health 

problem in the world despite the understanding of the 

pathogenesis of DM, existing drugs have only a 

temporary antidiabetic effect and have failed to 

completely prevent the progression of these 

anomalies [1]. Diabetes mellitus is caused by the 

breakdown of carbohydrates, proteins and lipids, 

characterized by increased blood glucose levels, 

resulting from inadequate or insufficient production 

of insulin [2]. Diabetic neuropathy (DN) is the most 

common diabetes complication and its prevalence 

ranges from 40 % to 50 % of patients with diabetes 

[3]. Previous studies have shown that uncontrolled 

blood sugar in long-standing diabetes leads to 

astroglial abnormalities in certain brain regions that 

decrease cognitive function, anxiety, memory 

impairment, and depression [4, 5]. Insulin resistance 

in the brain can trigger key pathophysiological events 

of neurodegenerative disorders such as oxidative 

stress [6], neuro-inflammation [7], Glycation End 

Products (AGE) [8], CK-BB release [9], increased C-

reactive peptide [10], changes in neurotransmitters 

and impaired brain repair processes [11].Clinical 

approaches have been studied to combat diabetes. 

Among the most available diabetes medications are 

the sulfonylurea, metformin and meglitinides, 

glipizide, rosiglitazone and glimepiride [12]. 

Unfortunately, the consumption of these synthetic 

agents could lead to various side effects [13]. These 

are therefore, bring to the new insights on using the 

natural plant as a remedy for the cognitive 

impairment due to diabetes that were safer, and more 

effective for treating and managing diabetes 
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complications, especially in long-term therapy 

[14].Indeed, the inhabitants of the world, including 

the Algerians, believed that eating and consuming 

fresh medicinal plants could cure diseases and 

ailments; among these plants was Capparis spinosa, 

which belongs to the family Capparidaceae [15]. 

Different parts of Capparis spinosa are used in the 

management of various conditions and have been 

shown to have a wide range of biological activities 

such as antioxidants [16], and anti-inflammatories 

[17, 18]. Several experimental and clinical studies 

have investigated the antidiabetic effects [19-21], and 

have referred C. spinosa as an improvement cognitive 

impairment agent [22, 23]. The body of data collected 

over the past decades on the chemical composition of  

C. spinosa has led to evidence that the plant is a 

rich source of bioactive compounds, mainly 

polyphenolic compounds [24]. However, it has been 

reported that a difference between these levels of 

chemical compounds may be related to different 

geographical locations which may vary the profile of 

bioactives associated with caper functionalities [25]. 

Taking into account that leaves and flowers of n-

BuOH fraction from C. spinosa (BECS) grown in 

East of Algeria have never been screened for diabetic 

neuropathy, the present study investigated whether C. 

spinosa attenuates  

DM-induced neurodegeneration, and explored its 

possible underlying mechanisms, particularly, the 

possible involvement of anti-inflammatory and 

antioxidant properties. The present study is also an 

attempt to identify and enrich the knowledge on the 

variation in the chemical composition of C. spinosa 

(MILA region; Algeria) by using 

LC-MS/MS analyses.  

2. Materials and methods 
2.1. Chemicals 

Streptozotocin (STZ), Aluminium chloride 

(AlCl3), Folin-Ciocalteus’s phenol reagent, quercetin, 

sodium carbonate (Na2CO3), thiobarbituric acid 

(TBA), high glucose Dulbecco’s Modified Eagle’s 

medium (DMEM), trypsin, sulforhodamine B (SRB), 

rat TNF-α, rat IL-6, ELISA kits were purchased from 

eBioscience (San Diego, CA USA), reduced 

glutathione (GSH), glutathione reductase (GR),  

5,5-dithiobis-2-nitrobenzoic (DTNB) and 1-

chloro-2,4-dinitrobenzene (CDNB), acetylthiocholine 

iodide (ATCI), Glutamine/Glutamate Determination 

Kit, Human haemolysate [glycated haemoglobin 

(HbA [sub]1c )] Kit. Standards for LC-MS/MS 

analysis (chlorogenic acid, p-hydroxybenzoic acid, 

kaempferol, gentisic acid, gallic acid, rosmarinic 

acid, cichoric acid, caffeic acid, 4-

hydroxybenzaldehyde, and rutin), were purchased 

from Extrasynthese (Genay, France). The solvents 

and/or reagents were purchased from Sigma 

Chemical Co. (St. Louis, MO, USA). 

2.2. Plant material and extract preparation 

Aerial parts of C. spinosa (Capparidaceae) were 

collected in the flowering stage from the area of Mila 

region; Algeria and authenticated on the basis of 

Quézel et al. [26]. Air-dried aerial parts (leaves and 

flowers, 500 g) of C. spinosa were macerated at room 

temperature with MeOH–H2O (80:20, v/v) three 

times (24 hours for each time). The filtrates were 

combined, concentrated under reduced pressure, 

diluted in H2O (1000 mL). After filtration, the 

resulting solution was successively extracted with 

solvents with increasing polarities: chloroform 

(CHCl3), ethyl acetate (EtOAc) and  

n-butanol (n-BuOH). The organic layers were 

dried with anhydrous Na2SO4, filtered and 

concentrated under vacuum at room temperature [27] 

to obtain CHCl3 (0.20 g), EtOAc (1.3 g) and n-

BuOH (7.71 g) extracts. A part of n-BuOH extract of 

C. spinosa (BECS) was used for the neuroprotective 

study (This extraction was repeated as needed). 

 

2.3. Phytochemical screening 

2.3.1. Phytochemical screening of n-BuOH extract of 

C. spinosa aerial parts 

    Aerial part of C. spinosa was subjected to 

qualitative tests in order to characterize several 

chemical groups using standard procedures [28, 29]. 

 

2.3.2.Estimation of total phenolic compounds (TPC) 

   TPC was determined with the Folin–Ciocalteu 

reagent following the method of Wolfe et al. [30], 

with a slight modification using Gallic acid as 

standard. Results were expressed as micrograms of 

Gallic acid equivalents per milligrams of extract (µg 

GAE/mg). 

 

2.3.3. Determination of total flavonoid content (TFC) 

The concentration of flavonoids was achieved using 

the method described by Ordonez et al. [31], by using 

the aluminium chloride reagent Results were 

expressed as µg quercetin equivalents (QE)/ mg 

extract. 

 

2.3.4.Liquid-chromatography tandem mass 

spectrometry (LC-MS/MS) 

The LC-MS/MS was used for analysis and for 

indicating the profile of chemical constituents present 

in the n-BouH extract and quantified their 

concentrations in milligrams. For quantitative 

analysis, a Thermo Scientific Dionex Ultimate 3000 -

TSQ Quantum with a Thermo ODS Hypersil column 

The injection volume was 20 µL, where water with 

0.1% formic acid and methanol were used in mobile 

phase as eluent A & B respectively. At 40 °C, the 
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flow rate was 0.7 mL/min.  The gradient program 

was fixed as follow: 0-1 min, 100 % A, 5-20 min, 95 

% A, 1-22 min, 5 % A, 25 min, 5 % A, 30 min 0 % 

A. Plant extract was prepared and analyzed at a 

concentration of 1 mg/mL, while the entire time 

procedure took 30 min. For each component, the 

correlation between peak area and concentration was 

found to be linear from 0.5 to 10 mg/L and the 

linearity was determined using 6 points linear 

regression analysis. Three replicates are used per 

point in a linear plot. The correlation coefficients (R2 

values) for all studies were found to be ≥0.99. For 

ionization of the substances, electrospray ionization 

(ESI) source of the mass spectrometer was operated 

in both positive and negative modes.  The spray 

voltages for positive and negative polarities were 

4000 and 2500 V, respectively. Compound limit of 

detection (LOD) and limit of quantification (LOQ) 

values are determined using the LC-MS/MS 

technique. According to Eurachem Guide (Second 

Edition, 2014), LOD and LOQ were obtained by 

measuring reagent blanks spiked with low 

concentrations of analyte. A 0.1 ppm spike was added 

to blank solution. The standards used for LC-MS/MS 

analysis were chlorogenic acid, sisoric acid, p-

hydroxybenzoic acid, kaempferol, gentisic acid, 

quercetin, gallic acid, rosmarinic acid, caffeic acid 

and rutin. 

 

2.4.Cytotoxicity assay 

 

-Sulforhodamine B (SRB assay) 

The human brain cancer cells (C6) was used for the 

cytotoxicity studies, C6 astroglial cell line was 

obtained from the American Type Culture. The 

procedures described by Vichai and kirtikara [32] 

were followed. The method described here has been 

optimized for the toxicity screening of extract to 

adherent cells in 96 well formats. After an incubation 

period, cell monolayer is fixed with 10 % (wt/vol) 

TCA and stained for 30 min, after which the excess 

dye is removed by washing repeatedly with 1 % 

(vol/vol) acetic acid. The protein-bound dye is 

dissolved in 10 mM Tris base solution for OD 

determination 510 nm using a microplate reader. The 

results are linear over a 20-fold range of cell numbers 

and the sensitivity is comparable to those of 

fluorometric methods. IC50 values can be derived 

using curve-fitting methods with statistical analysis 

software or IC50 calculation software. 

 

2.5. Antidiabetic studies 

 

Animals and experimental design 

Sixty male Swiss albino rats weighing 180-210 g 

obtained from the Animal Research and Service 

Centre, Brothers Mentouri University, Constantine, 

were used in the study. All the animals were kept 

under standard laboratory conditions (temperature 25 

± 2 °C and 12 h light/12 h dark cycle). They were fed 

with standard rodent pellet diet and water ad libitum. 

The in vivo experimental protocol was approved by 

the Institutional Project Committee 

(D01N01UN250120190002). The experimental 

procedures adopted in this study were in strict 

compliance with the Guidelines for Reporting 

Animal Research [33]. 

 

2.5.1.Induction of diabetes mellitus 

      Development of diabetes was confirmed by 

polydipsia, polyuria and by determining glucose 

concentrations three days after intraperitoneal (ip) 

injection of STZ (dissolved in 0.1 M citrate buffer, 

pH 4.5) at a dose of 60 mg/Kg [34]. Rats with a 

blood glucose level of 250 mg/dL or above were 

considered to be diabetic; the diabetes was confirmed 

by measuring fasting blood glucose levels from a tail 

vein using an Accu-Chek Glucometer. 

The rats were divided into five groups comprising 

twelve animals in each group as follows: 

Group 1 (control-group): served as control, received 

an ip injection of an equal volume of citrate buffer, 

after two hours, the rats were administered with 4 

mL/Kg of distilled water, once daily for 28 days, 

continuously. 

Group 2 (BECS-group) treated orally with BECS 

(200 mg/kg b.w.28 days), after vehicle injection. 

Group 3 (diabetic-group): diabetic rats, received 4 

mL/Kg of distilled water, once a day for 28 days, 

continuously 

Group 4 (STZ+metformin-group): diabetic rats, 

administered orally with metformin (200 mg/kg 

b.w.), once daily for 28 days, continuously. 

Group 5 (STZ+BECS-group): diabetic rats, orally 

administered with BECS (200 mg/kg b.w.), once 

daily for 28 days, continuously. 

At the end of the experimental period, the rats were 

euthanized by decapitation for brain tissue collection. 

Their brains were quickly removed out on an ice-cold 

plate, washed with ice cold phosphate-buffered saline 

solution (pH 7.4), weighed and stored at -80 °C until 

further biochemical studies. The blood sample was 

centrifuged 3000 x g for 15 minute at 4 °C, serum 

was collected and stored at until analyses. 

 

2.5.2. Assay of Advanced Glycation End Products 

(AGE) in serum 

      The amount of blood plasma AGEs was 

determined following the method described by Putta 

and Kilari [35]. Plasma was diluted in a 1:50 ratio 

with PBS (pH 7.4). Bovine serum albumin 

preparation (1 mg/mL of 0.1 N NaOH) was used as a 

standard. The level of AGEs in plasma was 

determined by measuring the fluorescence at an 

excitation wavelength of 370 nm and emission 

wavelength of 440 nm. The fluorescence intensity of 

the samples was expressed as AU per mg of protein. 
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2.5.3. Biochemical diabetic parameters 

     Glycation of haemoglobin (GlycHb), serum 

insulin, brain insulin, plasma C-peptide, plasma CK-

BB levels, TNF-α, IL-6, were evaluated using 

Enzyme Immunoassay Kit, according to the 

manufacturer’s instructions. 

 

2.5.4. Effect of BECS on diabetic neuropathy  

 

       - Brain homogenate preparation  

An aliquot of brain tissue was homogenized in 0.1 

M phosphate buffered saline (pH 7.4) containing KCl 

(1.15 %) to give a final concentration of 10 % 

weight/volume (w/v). The homogenate was first 

centrifuged first at 800 × g for 5 min at 4 °C, and 

then at 10,000 × g for further 10 min at 4 °C to 

estimate antioxidant status and LDH activity. 

 

2.5.4.1. Measurement of brain malondialdehyde 

(MDA) level 

The levels of MDA were measured 

spectrophotometrically at 535 nm using the method 

of Ohkawa et al. [36]. The amount of MDA was 

calculated using a molar extinction coefficient of 1.56 

x 105 M-1cm-1. The results were expressed as 

nmol/mg protein. 

 

2.5.4.2. Determination of LDH activity in rat brain  

      The total reaction mixture (3 mL) contained 1mL 

of 200 mM Tris-HCl buffer (pH 7.4), 0.15 mL of 

100mM KCl, 0.15 mL of 50 mM sodium pyruvate, 

0.20 mL of 2.4 mM NADH and supernatant of 

homogenate. A decrease in extinction (6220 M-1cm-

1) at λmax = 340 nm for 2 min at 25°C was measured 

and result was expressed in U/mg protein (U: µM 

NADH oxidized/min/mg protein) [37]. 

 

2.5.5. Effect of BECS on neurochemical markers 

 

2.5.5.1. Determination of acetylcholinesterase 

(AChE) and butyrylcholinesterase (BChE) activities 

In the STZ-rat brain, AChE activity was 

determined based on the methods of Ellman et al. 

[38] adapted for a microtiter plate format. Briefly, for 

each assay data point, 50 µL of 3 mM DTNB, 50 µL 

rat brain homogenate, 35 µL of 50 mM Tris/HCl pH 

8.0. The assay was initiated by the addition of 25 µL 

of 15 mM ATCI, with production of 5-thio-2-

nitrobenzoate anion read at 412 nm every 30 sec for 

10 min using a microplate reader AChE activity was 

calculated using molar extinction coefficient of 

chromophore (1.36 x 104 M-1cm-1). Results were 

expressed as µmol /mg protein, while the activities of 

BChE in the brain were analyzed following a method 

described by Jońca et al. [39]. 

 

2.5.5.2. Estimation of dopamine content 

The quantitative determination of dopamine levels 

was carried out fluorometrically according to the 

method of Ciarlone [40]. Apart of the frozen brain 

samples were taken out and thawed on the day of 

experiment. An aliquot of brain tissues was 

homogenized with acidified n-butanol to give 10 % 

weight/volume (w/v) homogenate. The method is 

based on estimation of dopamine fluorophors formed 

after oxidation by iodine at excitation/emission wave 

lengths of 320/375 nm. The results were expressed as 

ng/mg tissue. 

 

2.5.5.3. Determination of L-glutamate content 

Equal volumes of brain homogenate and 1.2 M 

perchloric acid were mixed, centrifuged at 600 × g at 

4 °C for 15 min. The supernatant was used according 

to Lund [41]. Glutamine/glutamate determination Kit 

was used for spectrophotometric measurement of L-

glutamate via enzymatic deamination of L-glutamine 

and dehydrogenation of L-glutamate with conversion 

of NAD+ to NADH. Spectrophotometric assessment 

was done at 340 nm and results were expressed in 

nmoL/mg tissue. 

 

2.6. Measurement of glutathione-metabolizing 

enzymes 

Reduced glutathione (GSH) levels estimation was 

based on the GSH reaction with DTNB producing a 

yellow colored complex estimated at 412 nm 

according to the method of Sedlak and Hanus [42]. 

The GSH levels were calculated using an extinction 

coefficient of 13600 moL/cm, the values were 

expressed as nmoL/mg protein. Glutathione-S-

transferase (GST) activity was assayed by 

quantifying the conjugate glutathione resulting from 

the conjugation of CDNB with GSH following the 

method of Habig et al. [43]. GST activity was 

monitored at 340 nm for 3 min. The enzyme activity 

was expressed as units/mg protein; one unit of GST 

activity was defined as µmoles CDNB conjugate 

formed/min/mg protein using a molar extinction 

coefficient of 9.6x103 M-1cm-1. Glutathione 

peroxidase (GPx) activity was determined by the 

method of Rotruck et al. [44] based on the 

degradation of H2O2 in the presence of GSH. 

Enzyme activity was expressed as units/mg protein; 

one unit of GPx activity was defined as nmoles 

GSH/mg protein. Glutathione reductase (GR) activity 

was tested by measuring NADPH oxidation at 340 

nm using oxidized glutathione as a substrate [45]. GR 

was estimated, and the results were expressed as 

units/mg protein (U: µmol NADPH oxidized/min). 

The protein estimation in brain tissue was assayed by 

Lowry method [46] using bovine serum albumin as 

standard. 

2.7. Measurement of nitrite content in rat brain 

A mixture of 0.5 mL of Greiss reagent (equal 

volumes of 1% sulphanilamide in 3 M HCl and 0.1% 
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N° Name

MS/MS Ions studied

LOD LOQ RT

mg 

phenolic/Kg 

Extract

Parent Produ

ct

CE Polarity

1 p-Hydroxybenzoic acid 137,9
66,6 38 - 0,243 0,51

9

14,6

4

313,392

94,6 17 -

2 Gentisic acid 153,7 109,5 21 - 0,026 0,03

9

13,8

7

150,402

3 Gallic acid 169,7
80,5 25 - 0,058 0,09

1

10,1 132,519

126,2 16 -

4 Cafeicacid 179,7
135,2 27 - 0,042 0,05

8

15,2

6

159,115

136,2 18 -

5 Kaempferol 286,97
153 33 + 0,188 0,44

7

21,9

2

36,519

165 28 +

6 Quercetin
301 152,1 23 - 0,141 0,18

1

20,5

1

487,543

179,9 20 -

7 Chlorogenic acid
353,4 86,5 43 - 0,051 0,07

2

14,2

5

5659,158

192,1 21 -

8 Rosmarinic acid
359,18 134,3 44 - 0,029 0,05

0

17,8

6

25,049

162,2 20 -

9
Sisoric acid

473,1 136,3 48 - 0,090 0,23

7

15,2 278,486

180,1 29 -

10 Rutin
609,37 300,6 38 - 0,022 0,03

4

18,0

4

2037,19 

301,7 34 -

N-1-Napthyl ethylene diamine dihydrochloridein 

water) and 0.1 mL supernatant was incubated at room 

temperature in the dark for 10 min, and absorbance 

was measured at 548 nm. Total nitrite content 

(µM/mg of protein) was determined from standard 

curve of sodium nitrite (10-100 uM) [47]. 

 

2.8. Statistical analysis 

Results were expressed as the mean ± standard 

deviation (SD). Data were analyzed using a one -way 

analysis of the variance test (One-way ANOVA) 

followed by Honest significant difference test (HSD) 

of Tukey used as post hoc test to compare 

significance between groups at p<0.05 and p<0.01, 

using Open stat 2014 program. n=12 for in vivo 

studies. Values of p<0.05 was regarded as significant. 

3. Results and Discussion 
3.1. Phytochemical studies 

3.1.1. Preliminary phytochemical screening of n-

BuOH extract of Capparis spinosa aerial parts 

Preliminary phytochemical screening of aerial part 

of C. spinosa revealed the presence of a wide range 

of natural compounds such as alkaloids, saponins, 

terpenoids, phenolic compounds, anthocyanins , 

flavonoids, Glycosides, tannins and sterols (Table 1). 

Our findings are in agreement with those reported by 

Yang et al. [48] and Rajesh et al. [49]. 

Table 1  
Phytochemical profile of n-BuOH extract of 

Capparis spinosa aerial parts (BECS) 

Chemical 

groups 

Aeria

l parts 
Chemical 

groups 
Aeri

al parts 
Alkaloids + Anthocyani

ns 
+ 

Glycoside

s 

+ Phenolic 

compounds 

+ 

Terpenoid

s 

+ Flavonoids + 

sterols + Saponins + 
  Tannins + 
“+” Presence 

 

3.1.2.Polyphenol and flavonoid contents 

  

Table 2.  

Polyphenol and flavonoid contents of  n- BuOH 

extract of Capparis spinosa aerial part (BECS) 

Extract 
TPC (µg GAE/ mg 

extract) 

TFC (µg QE/ mg 

extract 

BECS 1000.44±6.48 568.27±5.80 

BECS : n- BuOH extract of Capparis spinosa.  

Results are expressed as means± SD deviation of 

three measures. Total phenolics (TPC) is expressed as 

µg Gallic acid equivalents/mg of extract; Total 

flavonoids (TFC) are expressed as µg Quercetin 

equivalents/ mg of extract. 

 

 

Total phenol content varies with different plant 

types and parts, growth condition and stage, 

extraction method, and other factors [50]. C. spinosa 

has been reported for its richness in secondary 

metabolites, in particular flavonoids and phenolic 

acids [24]. Despite that, C. spinosa has been 

previously studied with an exclusive attention to 

ethanolic, hydro-ethanolic, methanolic, chloroform, 

ethyl acetate and aqueous extracts [51-56], no studies 

have been carried out on the n-BuOH fraction. In the 

present results, phenolic and flavonoid contents were 

recorded in n-BuOH plant extract from C. spinosa 

with values of 1000.44±6.48 µg GAE/mg extract of 

TP and 568.27±5.80 µg QE /mg extract of TF (Table 

2), which seems ranged between (140.86 ± 0.62 to 

1670.1 ± 62.2 µg GA-Eq/g of TP and 230.50 ± 0.76 

µg Q-Eq/g to 530.8 ± 8.9 µg Eq Rutin/g of TF when 

recorded in different fractions of Algerian C. spinosa 

[16, 57]. In fact, the variation between TP and TF 

results could be due to many factors such as harvest 

time and place, climate, geographical conditions, 

plant organ used, extraction method, solubility and 

the degree of plant maturation [50, 58]. 

 

3.1.3. LC-MS/MS analysis 

 

 

Figure 1: LC-MS/MS profile of n-BuOH extract of 

Capparis spinosa aerial parts (BECS) 

 

Table 3. 

LC-MS/MS analysis of the phenolic constituents 

of n-BuOH extract of Capparis spinosa (BECS). 
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Several phytochemical studies that were 

performed on BECS, revealed differences, among 

phenolic contents. In our results, the LC-MS/MS 

profile of BECS is illustrated in (Table 3 and Figure 

1). Several compounds were detected; only ten 

phenolic compounds were identified in the BECS by 

comparing their retention times with those of 

available commercial standards. The most abundant 

was chlorogenic acid (5659.158 mg/kg extract) and 

rutin (2037.19 mg/Kg), followed by quercetin 

(487.543 mg/Kg), p-hydroxy benzoïc acid (313.392 

mg/Kg), sisoric acid (278.486 mg/Kg), cafeic acid 

(159.115), gentisic acid (150.402 mg/Kg), gallic acid 

(132.519 mg/Kg), kaempferol (36.519 mg/Kg) and 

rosmarinic acid (25.05 mg/Kg). In agreement with 

our findings, several studies have noted that rutin is 

the most abundant in C. spinosa. Our results 

corroborate those obtained by Boudries et al. [51], 

reported the presence of five common products and 

other different compounds in which rutin had the 

highest concentration in the ethanol extract from 

flower buds of C. spinosa (Bejaia region; North 

Algeria). Mollica et al. [20] reported that methanolic 

extract from the leaf and buds of C. spinosa contains 

a large amount of flavonoids in which rutin has been 

determined as a major flavonoid along with other 

different compounds. On the other hand, Stefanucci 

et al. [25] and Mollica et al. [59] also found that rutin 

was as predominant phenolic compound in C. 

spinosa buds harvested from different areas. In 

general, different compounds such as quercetin, 

kaempferol, rutin (quercetin-3-O-rhamnoglucoside), 

kaempferol-3-O-β-rutinoside (kaempferol-3-

Orhamnoglucoside), kaempferol-3-rhamnosyl-

rutinoside, have been reported in many parts of the C. 

spinosa plant, such as leaves, seeds, berries and 

flower buds [60-63] at different concentrations. 

Despite the fact that C. spinosa are generally known 

for their richness in rutin, the specific phenolic 

composition of C. spinosa extracts is dependent on 

several factors, which may be due to the used 

technique, the type of solvents, and the origin of 

samples, as has been previously reported for many 

species [56, 62, 63]. 

 

3.2. Cytotoxicity assay 

 
Figure 2: The cytotoxicity of the n-BuOH extract 

of Capparis spinosa aerial parts (BECS) against 

human brain cancer cell lines C6 (SRB assay). 

 

This is just a preliminary toxicity testing of the 

studied BECS. The cytotoxicity of the BECS was 

performed against human brain cancer cell lines C6, 

(Figure2). From the results, it is clear that BECS 

showed no toxicity against C6 brain cancer cell lines. 

Several data are currently available regarding the 

potential adverse effects of C. spinosa. Literature 

reports suggested that C. spinosa was safe, in a 2-

month clinical trial; diabetic patients given C. 

spinosa fruit extract (400 mg three times a day) 

showed no signs of adverse effects [64]. An acute in 

vivo toxicity study of methanolic extracts of fruits 

and root barks of C. spinosa at oral doses ranging 

from 500 to 5000 mg/kg body weight showed no 

renal or hepatic toxicity[65].These finding were in 

agreement with those found by Karanayil et 

al.[66],who reported an LD50 superior to 5000 

mg/kg for C. spinosa. 

 

3.3. Antidiabetic studies  

 

Table 4. 

Effect of n-BuOH extract of Capparis spinosa aerial 

parts (BECS) on diabetic parameters in brain of STZ- 

treated rats 

 
Values are mean ± SD, (n = 12),  

*: Comparison of groups vis controls; (ns: no 

significant); (*p<0.05); (**p<0.01). 

¥: Comparison of groups vis BECS; (¥p<0.05); 

(¥¥p<0.01). 
£: Comparison of groups vis STZ-group; (£p<0.05); 

(££p<0.01). 

§: Comparison between STZ + Met-group and STZ + 

BECS-group; (§p<0.05); (§§p<0.01). 
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Values in parentheses indicate percent protection. 

The % of protection is calculated as: 100 x (values of 

STZ)-values of samples/ (values of STZ)-values of 

control. 

 

3.3.1. Effect of BECS on blood glucose level in 

diabetic rats 

In our study, the induction of diabetes was 

confirmed by elevated fasting blood glucose levels 

[67]. The level of blood glucose of STZ-rats reached 

368.75±10 mg/dL throughout the 28 days 

experimental period, compared to the control group 

(98.75±5 mg/dL) (Table 4). The results of the current 

study indicated that the administration of BECS (200 

mg/kg b.w.) for a period of 28 days significantly 

alleviated (69.83 %) the adverse effects of STZ-

induced diabetes. The decrease in blood glucose of 

BECS was similar to that of standard antidiabetic 

drug metformin, (74.98 %). In experimental diabetes, 

different parts of the C. spinosa plant have been 

shown to be very effective in controlling blood 

glucose [54, 68]. The possible mechanism by which 

BECS mediates its antihyperglycemic action may be 

through potentiation of pancreatic insulin secretion 

from islet β cells or through enhancement of blood 

glucose transport to peripheral tissue [69]. 

3.3.2. Effect of BECS on serum and brain insulin 

levels and plasma C-peptide level    

STZ has been used as an inducing agent to induce 

diabetes mellitus by causing selective damage to 

pancreatic insulin-generating β cells [70]. In the 

central nervous system (CNS), insulin is involved not 

only in regulating glucose output, but also in 

maintaining neuronal survival and development [71]. 

Disorders of the insulin signaling pathway in the 

periphery and brain have been implicated in diabetes 

[72]. Therefore, insulin deficiency may play a driving 

role in the development of diabetic encephalopathy in 

the STZ-induced animal model. In the present study, 

induction of diabetes with STZ, resulted in 

approximately 1.67-fold reduction in serum insulin 

level (39.33±3.18 pg/dL; p<0.01) and in brain insulin 

(42.3±3.8 pg/dL; p<0.01) compared to control rats 

(65.75±4.3 pg/dL; p<0.01) and (59.6±4.2 pg/dL; 

p<0.01) respectively (Table 4). C. spinosa treated -

group showed a significant (p<0.01) improvement in 

the serum and brain insulin (73.16 %; 74.56 %; 

p<0.01) respectively, similar to that of metformin 

(78.61 %; 79.76 %; p<0.01) respectively (Table 4). In 

STZ diabetic-group, the induced pathological lesion 

in islets of langerhans of pancreas was resulted in low 

insulin secretion from β cells in comparison to that of 

the normal control group. Insulin has been reported to 

have the ability to cross the blood-brain barrier and is 

abundantly detected in the brain [73]. It should be 

mentioned that the amount of insulin in the CSN is 

much lower than the amount of insulin in the serum; 

although their levels are correlated, we therefore 

know that the most important source of insulin to the 

brain is its transport across the blood-brain barrier 

[74]. Long-term DM can disrupt the structure of the 

blood-brain barrier resulting in vascular damage [75]. 

From the current study we speculate that C. spinosa 

treatment look like the effect of metformin that may 

crosses the blood-brain barrier fast [76]. C-peptide 

which secreted by pancreatic cells [77] is one of the 

factors reflecting insulin deficiency [78]. The lower 

levels of C-peptide and decreased beta cell function 

have been linked to greater levels of glucose 

variability [79], therefore, C-peptide is a useful for 

assessing pancreatic beta cells function [80, 81]. As 

shown in (Table 4), induction of diabetes with STZ 

resulted in approximately 2.15-fold reduction in 

serum C-peptide level (0.53±0.01ng/mL) compared 

to control rats (1.14±0.25 ng/mL). Serum C-peptide 

levels reflect the absolute amount of endogenous 

insulin secretion [82]. The BECS-treated group 

showed significant (p<0.01) improvement in the 

serum C-peptide (60.65 %) as compared to 

metformin-treated rats with (80.32 %) (Table 

4).Preliminary phytochemical screening of aerial part 

of C. spinosa revealed the presence of a wide range 

of natural compounds such as alkaloids, saponins that 

have been mentioned as ant diabetic agents, in 

diabetic rats or clinical trials [83, 84].Interestingly, 

the possible synergistic interactions of the phenolic 

compounds contained in BECS, mainly quercetin, 

rutin, 4-hydroxybenzoic, and chlorogenic acid may 

be beneficial [85]. 

 

3.3.3. Effect BECS on AGEs and HbA1c levels 

AGEs and glycated hemoglobin are other markers 

of oxidative stress and subsequent protein damage 

under DM conditions. Excess glucose availability 

promotes increased production of AGEs [86]. AGEs 

which have been considered as possible biomarkers 

for diagnosing diabetes complications, are generated 

by a non-enzymatic reaction of glucose using amino 

groups on protein amino acids during diabetes [87]. 

Hyperglycemia which is a clinical feature of poorly 

controlled diabetes mellitus, results in increased 

protein glycation resulting in structural and 

functional alteration of proteins, including 

hemoglobin [88]. In our study, we observed an 

increase (2.11±0.1AU/ mg protein) in the AGEs level 

under the STZ-treatment compared with the control 

group (1.09±0.01 AU/ mg protein) (Table 4). BECS 

showed a significant (p<0.01) improvement in the 

serum AGE levels (75.49 %) as compared to 

metformin (89.21 %). The amount of glycated 

haemoglobin (% GHb) was also increased (14.23±1.8 

%; 4.06-fold) compared with the control group 

(3.5±0.8 %). In the present study, the HbA1c level 

was significantly elevated in diabetic rats, which is in 

agreement with previous studies [89, 90]. 

Nonetheless, BECS significantly lowered (69.65 %; 

p<0.05) HbA1c compared to metformin (75.43 %; 

p<0.05). The high level of HbA1c is due to the 
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persistently high blood glucose level, which leads to 

hemoglobin glycation [91]. These results suggest that 

BECS may prevent formation of Amadori products 

[92] that can lead to protein oxidation and indicate 

that the overall blood glucose level is controlled, 

which must be due to improvement in insulin 

secretion as noted above, Moreover, BECS could 

directly decrease the formation of glycated 

hemoglobin, possibly due to antioxidant activity [93]. 

These finding are also, alongside the study Huseini et 

al. [64] reported that patients who took 1200 mg C. 

spinosa fruit extracts daily for 2 months had a 

significantly lower glycosylated hemoglobin levels. 

Interestingly, the anti-AGE effect of BECS could be 

due to its richness in polyphenols identified by LC-

MS/MS analysis, in particular the most abundant and 

potent agents reported; chlorogenic acid and rutin 

which have all been reported to significantly inhibit 

glucose-mediated protein modification, the primary 

inhibitors of AGEs [94, 95]. 

 

3.4. Effect of BECS on neurodegeneration 

 

3.4.1. Effects of BECS on LDH activity, on MDA and 

CK-BB Levels. 

 

Figure 3: The effect of n-BuOH extract of Capparis 

spinosa aerial parts (BECS) (200 mg/Kg) on MDA 

level in the brain of STZ treated -group. 

Values are mean ± SD, (n = 12), 

*: Comparison of groups vis controls; (ns: no 

significant); (*p<0.05); (**p<0.01). 

¥: Comparison of groups vis BECS; (¥p<0.05); 

(¥¥p<0.01). 
£: Comparison of groups vis STZ-group; (£p<0.05); 

(££p<0.01). 

§: Comparison between STZ + Met-group and STZ + 

BECS-group; (§p<0.05); (§§p<0.01). 

Values in box indicate percent protection. The % of 

protection is calculated as: 100 x (values of STZ)-

values of samples/ (values of STZ)-values of control. 

Figure 4: The effect of n-BuOH extract of Capparis 

spinosa aerial parts (BECS)(200 mg/Kg) on CK-BB 

level and LDH activity in the brain of STZ- treated 

group  

Values are mean ± SD, (n = 12),  

*: Comparison of groups vis controls; (ns: no 

significant); (*p<0.05); (**p<0.01). 

¥: Comparison of groups vis BECS; (¥p<0.05); 

(¥¥p<0.01). 
£: Comparison of groups vis STZ-group; (£p<0.05); 

(££p<0.01). 

§: Comparison between STZ + Met-group and STZ + 

BECS-group; (§p<0.05); (§§p<0.01). 

Values in box indicate percent protection. The % of 

protection is calculated as: 100 x (values of STZ)-

values of samples/ (values of STZ)-values of control. 

 

Figure 3, showed that the level of brain MDA was 

significantly (P<0.01) increased in STZ-diabetic rats 

by about 2.44 fold. LDH is associated with adverse 

clinical outcomes of traumatic brain injury. Neurons 

are largely dependent on lactate as the main energy 

substrate which also promotes neuroprotection [96, 

97]. However, LDH activity was decreased 

approximately 2.06 times, compared to healthy rats 

(Figure 4). STZ-treated rats showed a reduction in 

brain LDH activity, which signified a loss of cell 

viability. Our results support the results of Kumar 

and Bansal [98], who found that central 

administration of STZ impaired neural coherence 

evident by increased brain LDH activity. LDH 

leakage may be due to the oxidation of PUFAs 

making them more hydrophilic, which changes the 

structure of the membrane [99]. These PUFAs are 

rich in the brain and cause oxygen free radical origin. 

Increase in ROS level results in elevated MDA level 

causes death of neurons by oxidizing various 

components of the cellular system [100]. Treatment 

with the BECS (200 mg/kg) decreased significantly 

(P<0.01) the level of MDA up to 78.37 %; and 

restored (60.97 %) LDH activity as compared to 

metformin (82.88 %; 72.81 %) respectively (Figure 

3, 4). The increase in brain LDH activity seen in the 

BECS+STZ group may manifest the resurrection of 

neuronal membrane integrity. CK-BB found in 

astrocytes plays a role in energy transfer in tissues 

with high-energy requirement such as brain [101]. As 

shown in Figure 4, induction of diabetes with STZ 

resulted in approximately 3.05-fold reduction in 

serum CK-BB level compared to control rats, C. 

spinosa-treated group showed significant 

improvement (p<0.01) serum CK-BB (79.47%) 

compared to metformin (83.82%) (Figure 4). It has 

been reported that serum CK-BB levels can increase 

in various brain injury cases, and trigger 

neurodegenerative events that lead to neuronal losses 

[102, 103]. 
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3.4.2. Effect of BECS on neurochemical markers: 

AChE, BChE, dopamine and glutamate levels 

Figure 5a: The effect of n-BuOH extract of Capparis 

spinosa aerial parts (BECS), (200 mg/Kg) on AchE 

activity and BchE activity in the brain of STZ-treated 

group. 

Values are mean ± SD, (n = 12),  

*: Comparison of groups vis controls; (ns: no 

significant); (*p<0.05); (**p<0.01). 

¥: Comparison of groups vis BECS; (¥p<0.05); 

(¥¥p<0.01). 
£: Comparison of groups vis STZ-group; (£p<0.05); 

(££p<0.01). 

§: Comparison between STZ + Met-group and STZ + 

BECS-group; (§p<0.05); (§§p<0.01). 

Values in box indicate percent protection. The % of 

protection is calculated as: 100 x (values of STZ)-

values of samples/ (values of STZ)-values of control. 

 

   The development of diabetic encephalopathy is 

correlated with persistent hyperglycemia and 

generation of ROS, which cause cerebral angiopathy 

as well which cause cerebral angiopathy as well as 

neuron and glial cell abnormalities in brain tissue 

[104]. The manifestations of these disorders in 

diabetic patients include; alterations in 

neurotransmission and cognitive deficit [105]. Insulin 

has been reported to exert some effects on several 

neurotransmitters involved in memory formation, 

such as the acetylcholine line [106]. AChE and BChE 

are two major forms of cholinesterase implicated in 

the pathogenesis of neurological disorders [107]. In 

the present study, no significant change (p>0.05) was 

noted when compare to the normal control, BECS 

and metformin groups in the BChE and AChE 

activities, STZ administration to rat induced marked 

brain impairment, as evidenced by significant 

(p<0.01) elevation of AChE (28±3.2 µmoL/mg 

protein) and BChE (18.6±4.3 µmoL/mg protein) 

levels and in the cerebral tissue of STZ-group, when 

compared to the control group (13.35±1.2 µmoL/mg 

protein; 7.99±0.8 µmoL/mg protein) respectively. 

BECS treatment (200 mg/kg) or metformin treatment 

(200 mg/kg) daily for 28 days, significantly (p<0.01) 

inhibited (63.18 % or 83.27 %) the BChE and AChE 

(76.70 % or 86.19 %) activities in the brain 

respectively, (Figure 5a). As mentioned above in this 

study, STZ exhibited an insulin deficiency, therefore, 

the stimulatory effect of insulin actions on protein 

synthesis may be disrupted, thus leading to 

neurological disorders associated with cognitive 

dysfunction [108]. The STZ gives rise to a significant 

increase in the AChE activity, an indicative of 

declining cholinergic system. Our conclusion above 

confirms the hypothesis of Suzuki and Clayton [109], 

mentioning that oxidative brain damage is a long-

term complication, therefore it could lead to a 

decrease in the efficiency of cholinergic 

neurotransmission, due to the decrease levels of 

acetylcholine in the synaptic cleft of diabetic rats 

brain. High cholinesterase activity leads to non-

degradation of ACh; a neurotransmitter that improves 

cognitive functions and strengthens nerve and gland 

cells in the brain [10]. The observed cholinesterase 

inhibition exhibited by BECS or metformin could 

prevent the rapid breakdown of ACh, making it more 

available for transmission of nerve impulses through 

neurons. A study by Mollica et al. [59] revealed the 

in vitro cholinesterase inhibitory activities of 

Capparis. In accordance with our hypothesis, some 

researchers have reported that rutin is an effective 

AChE and BChE inhibitor [110, 111]. 

 

 

Figure 5b: The effect of n-BuOH extract of 

Capparis spinosa aerial parts (BECS),(200 mg/Kg) 

on Dopamin and Glutamate levels in the brain of 

STZ-treated group.  

Values are mean ± SD, (n = 12),  

*: Comparison of groups vis controls; (ns: no 

significant); (*p<0.05); (**p<0.01). 

¥: Comparison of groups vis BECS; (¥p<0.05); 

(¥¥p<0.01). 
£: Comparison of groups vis STZ-group; (£p<0.05); 

(££p<0.01). 

§: Comparison between STZ + Met-group and STZ + 

BECS-group; (§p<0.05); (§§p<0.01). 

Values in box indicate percent protection. The % of 

protection is calculated as: 100 x (values of STZ)-

values of samples/ (values of STZ)-values of control. 

 

An earlier study had shown that MAO is a major 

source of oxidative stress and that its increased 
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activity causes dopamine deficiency in the brain 

[112]. Dopamine is an important neurotransmitter 

that is widely distributed in the central nervous 

system and has been explored as a biomarker in 

metabolic and neurological disorders [113]. 

Glutamate is a major cause of neuronal cell death in a 

number of different neurodegenerative diseases 

[114]. Changes in glutamic acid concentrations seem 

to be of interest, as this amino acid plays a role as a 

neurotransmitter in the brain and is involved in the 

brain pathogenesis [115]. A contributing factor in 

many such conditions is excessive glutamate release, 

and subsequent glutamatergic neuronal stimulation, 

which leads to increased ROS production, 

excitotoxicity and neuronal damage [116]. In the 

present study, we noticed that STZ treatment depleted 

the level of cerebral DA (35.91±4.2 ng/mg tissue); 

(P<0.01) compared to control group (55.81±6.5 

ng/mg tissue) (Figure5, b), but increased the 

glutamate level (202.8±10.6 nmol/mg tissue; 

(P<0.01) in cerebral tissues at the end of the study, as 

compared with control group (88.33±5.4 nmol/mg 

tissue) (Figure,5 b). Treatment with BECS resulted in 

significant increase in DA level (67.73 % P<0.01) 

and decrease in glutamate (63.94 %; P<0.01), 

metfromin-treatment resulted in similar effects (71.3 

%; 83.95 %) respectively (Figure, 5 b). The increased 

inhibition of AChE and BChE activities, increased 

DA level and decreased glutamate after treatment 

with 200 mg/kg BECS extract, could be attributed to 

the significant amounts of its phytochemical 

composition, especially polyphenolic compounds 

(Table 2), which have been reported to exhibit 

cholinesterase inhibiting activities. This is consistent 

with the report by Rahimi et al. [22] which shows C. 

spinosa (100 and 300 mg/kg) as a modulator of 

behavioral and biochemical parameters, Mohebali et 

al. [23] demonstrated the effects of C. spinosa on 

amyloidogenesis-related genes in Aß-injected rat, 

Turgut et al. [117] showed that 100 and 200 mg/kg of 

C. spinosa improve cognitive impairments by D-

galactose. 

 

3.5. Effect of BECS on Glutathione and Glutathione-

metabolizing enzymes in STZ–animals 

 

 

 

 

Figure 6: The effect of n-BuOH extract of Capparis 

spinosa aerial parts (BECS)(200 mg/Kg) on 

Glutathione-metabolizing enzymes in the brain of 

STZ-treated group. 

 Values are mean ± SD, (n = 12),  

*: Comparison of groups vis controls; (ns: no 

significant); (*p<0.05); (**p<0.01). 

¥: Comparison of groups vis BECS; (¥p<0.05); 

(¥¥p<0.01). 
£: Comparison of groups vis STZ-group; (£p<0.05); 

(££p<0.01). 

§: Comparison between STZ + Met-group and STZ + 

BECS-group; (§p<0.05); (§§p<0.01). 

Values in box indicate percent protection. The % of 

protection is calculated as: 100 x (values of STZ)-

values of samples/ (values of STZ)-values of control. 

 

Streptozotocin is an unstable molecule that 

accumulates in pancreatic β-cells and breaks down 

into carbonium radicals; highly reactive carboxylic 

radicals produce direct and indirect toxic effects on 

pancreatic islet cells by increasing the ROS formation 

[118]. Several investigations have shown that STZ 

enters the pancreatic β-cells by glucose protein-2 

transporter and disrupts the balance between 

antioxidant and oxidant systems damaging the 

insulin-producing islet β-cells and inducing the 

progression of diabetes [119, 120]. Reduction of 

endogenous antioxidant defense system can promote 

free radical formation, degradation of GSH-

dependent antioxidant defense system and sequential 

alteration of cellular redox balance [121]. In the 

current study, STZ-treatment clearly depleted brain 

GSH level and reduced the GSH-related enzymes as 

evidenced by the decline in the GSH, GST, GR, and 

GPx levels ((Figure 6). Treatment of rats with 200 

mg/kg of BECS efficacy restored the GSH level and 

GSH-system enzymes towards normal levels. A 

marked response (61.66 %) of GSH was observed in 

the brain of BECS-STZ treated rats as compared to 

metformin treatment (70.07 %). Treatment with C. 

spinosa reversed (60.61 %) GPx, (78.57 %) GST, and 

GR (74.30 %) levels. The efficacy of BECS was 

comparable to that of metformin in restoring GPx (73 

%), GST (81.10 %) and GR (79.64 %) (Figure 6). 

Glutathione which is a tripeptide of glutamate, 

cysteine and glycine, occurring in neurons at 

concentrations of 0.2–2 mM [122], is a major 

antioxidant and redox regulator in cells [123]. In 

addition to its essential roles in redox homeostasis, it 

functions as cofactors for a multitude of enzymes 

[124]. Persson et al. [125] showed that glutathione 

synthesis was directly related to microglial glutamate 

uptake and the release of glutamate metabolites. 

Barger et al. [126] showed that the depletion of 

glutathione levels due to oxidative stress is linked to 

microglial glutamate release. And that in addition to 
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its support of antioxidant function, the glutathione 

cycle also serves as a reservoir of intracellular neural 

glutamate [127]. Several studies have hypothesized 

that glutathione synthesis is directly dependent on 

glucose metabolism, which is correlates with a 

decrease in the content of glutamate precursor of 

glutathione precursor [128, 129]. Another possible 

explanation for the loss of brain GSH, is that 

glutamate affects its level, where the high 

extracellular concentration of glutamate blocks the 

uptake of cysteine (an essential amino acid for 

sustained glutathione synthesis). Consequently, this 

blockade eventually decreases glutathione 

concentration [130]. Our above findings on glutamate 

levels under STZ treatment, confirm that depletion of 

glutathione levels under oxidative stress may be 

related to microglial glutamate release. The 

restoration effect of the BECS on the glutathione, and 

glutathione-metabolizing enzymes, could be due to 

the antioxidant properties of the compounds 

contained in BECS that enhance the ROS 

elimination. The over expression of the brain 

glutathione antioxidant system in BECS-treated rats 

suggests that this potential antioxidant defense may 

be reactivated by Plant phenolic compounds such as 

flavonoid [131]. The whole body of data collected in 

the past decades on the chemical composition of C. 

spinosa, has led to evidence that the plant is a rich 

source of bioactive compounds, mostly polyphenolic 

compounds [21]. Moreover, as mentioned above in 

the current study from the LC-MS/MS data, BECS is 

rich in many different phenolic antioxidants, among 

which the most abundant are; chlorogenic acid, rutin 

and a small amount of other compounds (quercetin, 

p-hydroxy benzoïc acid, caffeic acid, gentisic acid, 

gallic acid, kaempferol and rosmarinic acid; which 

have property of antioxidant activities [132-134]. 

 

 

3.6. Effect of BECS on NO and pro-inflammatory 

cytokines in the brain 

 

Figure 7: The effect of n-BuOH extract of Capparis 

spinosa aerial parts (BECS)(200 mg/Kg) on 

inflammatory parameters in the brain of STZ-treated 

group.  

 Values are mean ± SD, (n = 12),  

*: Comparison of groups vis controls; (ns: no 

significant); (*p<0.05); (**p<0.01). 

¥: Comparison of groups vis BECS; (¥p<0.05); 

(¥¥p<0.01). 
£: Comparison of groups vis STZ-group; (£p<0.05); 

(££p<0.01). 

§: Comparison between STZ + Met-group and STZ + 

BECS-group; (§p<0.05); (§§p<0.01). 

Values in box indicate percent protection. The % of 

protection is calculated as: 100 x (values of STZ)-

values of samples/ (values of STZ)-values of control. 

 

DM propagation is associated with a chain of 

molecular events, including inflammation which has 

been shown to be a key factor in this disease [135]. 

Chronic hyperglycemic conditions could affect the 

neuronal metabolism of astrocytes and microglia 

which have been shown to elaborate inflammatory 

cytokines in the brain [136]. The diabetogenic and 

cytotoxic effects of STZ are associated with the 

production of free radicals causing oxidative damage 

to cells and also coupled with propagation of 

diabetes-linked autoimmunity [137, 138]. High 

reactivity of ROS exerts toxic effects on pancreatic 

acinar cells and is linked to the production of 

inflammatory mediators [139]. There is a strong body 

of evidence that hyperglycemia induces the activation 

of microglia and astrocyte which correlates with 

increased expression of inflammatory and oxidative 

stress markers such as TNF-α, INOS, ROS, and other 

pro-inflammatory cytokines [140].  

TNF-α is one of the first pro-inflammatory 

biomarkers to be associated with the pathogenesis of 

insulin resistance and T2D-related glucose 

abnormalities and plays an important role in ROS 

production [141]. IL-6 is also produced in microglia, 

astrocytes and neurons, and it plays a pivotal role in 

various CNS functions such as induction and 

modulation of astrocyte reactivation, pathological 

inflammation and neuroprotection [142]. To examine 

if the BECS treatment exerted an anti-inflammatory 

effect, we analyzed the relative abundance of some 

pro-inflammatory cytokines such as IL-6 and  

TNF-α, (Figure 7). Regarding the levels of IL-6 and 

TNF-α, it was found that the STZ-group had a 

significantly (p<0.01) high level (149.8±7.1; 

91.41±6.8 pg/mL) compared to normal control levels 

(p<0.01) 52.6±4.8; 33.38±3.1 pg/mL; p<0.01) 

respectively (Figure 7). Meanwhile, treatment of 

diabetic rats with BECS or metformin significantly 

(p<0.01), reduced IL-6 (70.57 %) and TNF-α, (74.11 

%) levels as compared to metformin-rats (73.97 

%;83.76 %; p< 0.01) respectively. Our results 

corroborate those mentioned, increased of IL-6, TNF-

α have been reported in T2DM [143, 144]. In 

addition to the mechanisms mentioned above, another 

important mechanism by which β cells are partially 

destroyed is the formation of nitric oxide free radicals 

[145].It has been proposed that the NO molecule 
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contributes to STZ-induced DNA damage and causes 

excess NO production through the pathological 

activation of iNOS which results in 

neurodegeneration and memory loss [146]. The 

treatment of diabetic rats with either BECS or 

metformin significantly (p<0.01), reduced NO (77.51 

%; 71.49 %) levels respectively. Nevertheless, 

excessive nitrite levels in brain leads to 

neurodegeneration [147] and it also potentiates NO 

production in astrocytes [145]. Interestingly, our 

findings showed that the groups receiving the 200 

mg/kg dose of BECS extract had lower levels of 

inflammatory cytokines (IL-6 and TNF-α) throughout 

the brain. In this regard, C. spinosa has been reported 

to be used as therapeutic traditional medicine to 

relieve various ailments [148, 149] such as 

rheumatism, rheumatoid arthritis and gout 

[150].These results were consistent with other studies 

related to the anti-inflammatory effect of different 

types of C. spinosa, Moutia et al. [151] showed that 

aerial part of C. spinosa (100 and 300 mg/kg) up-

regulates the gene expression of an anti-inflammatory 

cytokine interleukin (IL)-4, Mohebali et al. [23] 

revealed that C. spinosa down-regulated the genes 

involved in inflammation. In the current study, the 

anti-inflammatory effect of BECS could be due to its 

richness in polyphenols identified by LC-MS/MS 

analysis. The most abundant and potent agents 

reported were chlorogenic acid and rutin, have been 

reported to be the major anti-inflammatory agents 

[152]. Possible synergistic interactions of all 

contained phenolic compounds have shown anti-

inflammatory properties. 

 

Conclusion 
Altogether, the results presented here demonstrate, 

for the first time, that treatment with n-BuOH extract 

of Capparis spinosa (BECS) can prevent the DM-

neuropathy induced with STZ ,that could be mostly 

attributed to different mechanisms, such as reducing 

the blood glucose, improvement in the serum and 

brain insulin, the serum C-peptide, and the serum 

CK-BB levels. BECS was also successful in 

restricting HbA1c, resurrection of neuronal 

membrane integrity through restoration of LDH, 

attenuation of markers of brain dysfunction (AChE 

and BChE activities; glutamate level) and increased 

dopamine level. Moreover, the effectiveness of the 

BECS treatment restored GSH level and GSH-system 

enzymes. And successfully regulated the 

diabetogenic production of the inflammatory 

mediators IL-6, TNF-α, NO and MPO. From all of 

these results, the neuro-protective effect of BECS 

could be due to its richness in polyphenols identified 

by LC-MS/MS analysis, mainly chlorogenic acid and 

rutin, as well as the synergistic interactions of all the 

constituents. 
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