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Abstract 34 

In this study, the nutraceutical potential of Capparis spinosa L. for the treatment 35 

of hyperglycemic states has been thoroughly investigated. A series of in vivo and in vitro 36 

tests have been conducted on fresh leaf, buds and salty buds (24 h desalted) processed 37 

to dry powder. 60% MeOH/H2O extracts were obtained for HPLC analysis and for α-38 

amylase and α-glucosidase inhibition tests. To estimate the in vivo anti-diabetic effect, 39 

dry powders of C. spinosa leaf and buds were orally administered to streptozocin-40 

induced diabetic rats over a period of 28 days. At the end of the experiment, animals 41 

were sacrificed, blood taken for assessment of lipid profile and liver/kidney 42 

biochemistry while section of the pancreas, liver and kidneys were processed for 43 

general histology. Results showed that the regular administration of C. spinosa leaf or 44 

buds normalized all the biochemical parameters and reversed the liver/kidney injury 45 

with variable degrees of organ protection.  46 

Keywords: -amylase; -glucosidase; nutraceuticals; HPLC; polyphenols; flavonoids; 47 

Capparis spinosa L.; diabetes. 48 
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1.  Introduction 51 

Herbs, herbal extracts, or phytochemicals are broadly used as foods, dietary 52 

supplements and drugs (orthodox or traditional medicines) (Nasri, Baradaran, Shirzad, 53 

& Rafieian-Kopaei, 2015; Santini & Novellino, 2014). A number of these herbs have been 54 

marketed for their health-promoting effects with multiple biological activities related to 55 

their traditional uses. In some cases, the claimed bio-activities are not always 56 

scientifically demonstrated therefore their utilities largely rely on the history and 57 

ethnopharmacological prospects (Lapenna, Gemen, Wollgast, Worth, Maragkoudakis,  58 

Caldeira, 2015; Mocan et al., 2016).  59 

Capparis spinosa L. (Capparaceae) belongs to the genus Capparis, which is made 60 

up of 250 different species. It is one of the most economically important and well-61 

known member of the genus (Anwar et al., 2016; Tlili, Khaldi, Triki, & Munné-Bosch, 62 

2010). C. spinosa is widely distributed in different parts of the globe, in drylands, deserts 63 

and rocky areas of the Mediterranean environment, Crimea, Armenia, Iran, as well as 64 

India and Pakistan (Anwar et al., 2016). The plant is well known for its showy-white or 65 

pinkish-white, hermaphrodite flowers or its fleshy alternate or rarely opposite leaves 66 

(Anwar et al., 2016; Rahnavard & Razavi, 2016). 67 

Over the last decades attention was given to determining the chemical 68 

composition of C spinosa which resulted in the discovery of a number of bioactive 69 

compounds, mostly polyphenols. Recently studies have reported its efficacy as a 70 

nutraceutical agent due to the antioxidant, antimicrobial, anticancer, antiallergic and 71 

hepatoprotective effects (Anwar et al., 2016; Eddouks, Lemhadri, & Michel, 2005; 72 

Rahnavard & Razavi, 2016). Traditionally, different parts of the Caper-plant are used in 73 

the management of various ailments. The leaves, roots and buds for the treatment of 74 

gastrointestinal disorders, skin diseases, earache, kidney and liver diseases amongst the 75 
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Arabs, while its fruits to treat diabetes, headache, fever and rheumatism. Furthermore C. 76 

spinosa has many culinary uses and it is consumed as a source of healthy food 77 

worldwide. Buds, unripe or ripe fruits, and young shoots are pickled and added as 78 

condiment in salads or in different foods in the Mediterranean region. 79 

Diabetes mellitus (DM) is a group of metabolic disorders characterized by 80 

hyperglycemia, resulting from either an absolute or relative lack of insulin or insulin 81 

resistance, complicated in a number of cases by microangiopathies and end organ 82 

damage. Obesity,  poor diet and sedentary life style which are major components of  the 83 

metabolic syndrome, have been named as the principal causative factors for the 84 

prevalence of this disease. Metabolic syndrome is defined as a progressive 85 

pathophysiological state, clinically manifested by a cluster of interrelated risk factors 86 

(abdominal obesity, dyslipidemia, hypertension and insulin resistance) and it is 87 

associated with an increased risk for diabetes mellitus (Huang, Teoh, Lin, Lin, & 88 

Roufogalis, 2009; Sperling et al., 2015; Waltenberger, Mocan, Šmejkal, Heiss, & 89 

Atanasov, 2016). Worldwide, diabetes mellitus is considered one of the most common 90 

non communicable chronic diseases (A. Onaolapo, Onaolapo, & Adewole, 2011). Based 91 

on the projections of the International Diabetes Federation and World Health 92 

Organization (WHO), the prevalence of diabetes mellitus amongst adults  (20-79 years) 93 

will increase from 285 million in 2010 to 439 million by 2030 (Shaw, Sicree, & Zimmet, 94 

2010; Waltenberger et al., 2016; Xiao, 2014). These predictions suggest a growing 95 

burden of diabetes, necessitating research in to newer, more affordable and less toxic 96 

medications for its management, hence this study. 97 

The rationale is based on the imperative necessity to investigate the effects of C. 98 

spinosa leaf/bud powders as a viable nutraceutical in the management of diabetes 99 

mellitus. This was with the aim of: i) determining the phytochemical constituents and 100 



6 
 

in-vitro anti-diabetic potential of C. spinosa leaf and bud extracts; ii) assessing in-vivo the 101 

effects of C. spinose leaf and bud powders on body weight, blood glucose estimations, 102 

lipid profile, biochemical markers of liver and kidney injury and liver, kidney and 103 

pancreatic morphology in experimental diabetes.  We tested the hypothesis that 104 

administration of C. spinosa leaf or bud powders can significantly reduce blood sugar, 105 

restore plasma lipid balance, and mitigate biochemical and morphologic evidences of 106 

renal pancreas and hepatic damages in streptozocin induced diabetes rats.    107 

 108 

2. Materials and methods 109 

2.1    Chemicals and drugs 110 

All analytical standards (gallic acid, catechin, chlorogenic acid, p-hydroxy-111 

benzoic acid, vanillic acid, epicatechin, syringic acid, 3-hydroxy-benzoic acid, 3-hydroxy-112 

4-methoxybenzaldehyde, p-coumaric acid, rutin, sinapinic acid, t-ferulic acid, naringin, 113 

2,3-dimethoxy-benzoic acid, benzoic acid, o-coumaric acid, quercetin dihydrate, t-114 

cinnamic acid, naringenin (all purity 98%)) were purchased from Sigma Aldrich (Milan, 115 

Italy).  116 

The standards mix stock solution was prepared by dissolving 1 mg of the 117 

compound in 1 mL of methanol (1:1, solid: solvent ratio) and no solubility problems are 118 

observed. Working solutions at different concentration levels were daily prepared by 119 

appropriate dilution in water. HPLC-grade methanol and acetonitrile were purchased 120 

from Sigma-Aldrich (Milan, Italy). For sample analysis, deionized water purified with a 121 

Milli-Q system (Millipore, Bedford, USA) was used. 122 

Normal saline, ethanol, Streptozotocin (STZ), α-glucosidase from Saccharomyces 123 

cerevisiae (EC 3.2.1.20) and α-amylase from porcine pancreas (E.C. 3.2.1.1) were 124 

purchased from Sigma Chemical Co. (Sigma St. Louis, USA). Metformin was obtained 125 
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from Bristol-Myers Squibb (UK). All other chemicals and solvents were of analytical 126 

grade. 127 

2.2 Plant Material 128 

Capparis spinosa L. samples were collected in July from Lipari Isle, in the Aeolian 129 

Archipelago (Italy), and provided to us by Capersud Manufacture. The leaf, fresh buds 130 

and salty buds (24 h desalted) were freeze-dried by a VirTis lyophilizer and then 131 

powdered. 132 

2.3 Preliminary phytochemical screening of plant fraction 133 

C. spinosa samples (500 g) were extracted by three different techniques: 134 

microwave extraction, soxhlet extraction and decoction by 60% MeOH/H2O. The 135 

extracts were subjected to lyophilization. The dry extract obtained was analyzed by 136 

HPLC and tested for enzymatic assays 137 

2.3.1 HPLC analysis 138 

Extracts of C. spinosa were analyzed for the quantitative and qualitative 139 

determination of polyphenols and flavonoids, which were performed by means of HPLC-140 

PDA reported in literature (Zengin et al., 2016, Locatelli et al., 2017). Analyses were 141 

carried out by using a Waters liquid chromatograph equipped with a photodiode array 142 

detector, a C18 reversed-phase column (Prodigy ODS-3, 4.6x150 mm, 5 µm; 143 

Phemomenex, Torrance, CA), an on-line degasser, a column oven set at 30°C (±1°C). The 144 

gradient elution was achieved by a solution of water-acetonitrile (93:7 ratios, with 3% 145 

of acetic acid) as initial settings. The complete separation was achieved in 60 minutes. 146 

No matrix interferences were observed for the  147 

2.4. In vitro enzyme inhibition assays 148 

α-Amylase inhibitory activity was performed using Caraway-Somogyi 149 

iodine/potassium iodide (IKI) method (Zengin, 2016). Sample solution (25 µL, 2 150 
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mg/mL) was mixed with α-amylase solution (porcine pancreas, EC 3.2.1.1, Sigma, Saint 151 

Louis, Mo., USA) (50 µL) in phosphate buffer (pH 6.9 with 6 mM sodium chloride) in a 152 

96-well microplate and incubated for 10 min at 37°C. After pre-incubation, the reaction 153 

was initiated with the addition of starch solution (50 µL, 0.05%). Similarly, a blank was 154 

prepared by adding sample solution to all reaction reagents without enzyme solution. 155 

The reaction mixture was incubated 10 min at 37°C then stopped by adding HCl (25 µL, 156 

1 M). This is followed by the addition of the iodine-potassium iodide solution (100 µL). 157 

The sample and blank absorbances were recorded at 630 nm. The absorbance of the 158 

blank was subtracted from that of the sample and the α-amylase inhibitory activity was 159 

expressed as millimoles of acarbose equivalents (mmol ACE/g extract). 160 

α-Glucosidase inhibitory activity was performed as previously described by Zengin 161 

(2016). Sample solution (50 µL) was mixed with glutathione (50 µL, 2 mg/mL), 50 µL α-162 

glucosidase solution (from Saccharomyces cerevisiae, EC 3.2.1.20, Sigma) in phosphate 163 

buffer (pH 6.8), and 50 µL of 10 mM PNPG (4-N-trophenyl--D-glucopyranoside) 164 

(Sigma-Aldrich, Darmstadt, Germany) solution in a 96-well microplate and incubated 165 

for 15 min at 37°C. Similarly, a blank was prepared by adding sample solution to all 166 

reaction reagents without enzyme solution. The reaction was stopped with the addition 167 

of sodium carbonate (50 µL, 0.2 M). The sample and blank absorbances were recorded 168 

at 400 nm. The absorbance of the blank was subtracted from that of the sample and the 169 

α-glucosidase inhibitory activity was expressed as millimoles of acarbose equivalents 170 

(mmol ACE/g extract). 171 

2.5 Animals  172 

  Healthy male Wistar rats from Empire Breeders, Osogbo, Osun State, Nigeria 173 

were used. Rats were housed in plastic cages measuring 24 x 18 x 12 inches (6 rats in 174 

each cage). General housing is a temperature-controlled (22.5°C ±2.5°C) quarters with 175 
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12 hours of light. Animals had free access to food and water. All animals were fed 176 

commercial standard chow (calories: 29% protein, 13% fat, 58% carbohydrate). All 177 

procedures were conducted in accordance with the approved institutional protocols 178 

and within the provisions for animal care and use prescribed in the scientific 179 

procedures on living animals, European Council Directive (EU2010/63).  180 

2.6 Acute Toxicity Test 181 

Acute oral toxicity studies were conducted using the Organization for Economic 182 

Co-operation and Development (OECD) guidelines (2008) (Oecd, 2008). 183 

2.7 Induction of diabetes mellitus  184 

Diabetes mellitus was experimentally induced in the animals by a single 185 

intraperitoneal injection of 70 mg/kg/body weight of streptozotocin (STZ), dissolved in 186 

ice-cold physiologic saline and given at a volume of 2 mL/kg. The non-diabetic control 187 

animals were injected intraperitoneally with an equivalent volume of cold saline 188 

(vehicle).  Rats were fasted overnight prior to administration of STZ or vehicle. 72 hours 189 

following STZ injection, the rats were fasted for 8 hours and blood taken from the tail 190 

veins for glucose estimation. Rats having hyperglycemia (that is, with blood glucose of ≥ 191 

10.56 mmol/L) were considered diabetic and included in the diabetic experimental 192 

groups.  193 

2.8 Experimental methodology 194 

Fifty-four, male, 3-month old Wistar rats weighing between 80 and 100 g each 195 

were randomly assigned into nine groups of six rats each. Animals received vehicle, 196 

distilled water at 10 mL/kg [non-diabetic control (VEH) and diabetes control (STZ)], 197 

metformin (MET), a standard antihyperglycaemic agent at 1.8 mg/kg and one of three 198 

doses of C. spinosa leaf (L) or bud (B) at 100, 200 and 400 mg/kg. Vehicle, standard drug 199 

or herbs were administered daily by gavage starting at 9.00 am; gavage was used as 200 
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method of drug delivery to simulate administration in humans. Animals were weighed 201 

weekly. All treatments were administered for a period of 28 days. Blood samples from 202 

the tail vein were taken weekly after an overnight fast for glucose estimation by the 203 

glucose oxidase method. At the end of the experimental period (day 28) animals were 204 

fasted overnight and serum used for estimation of lipid profile, cholesterol and 205 

biochemical parameters of liver/renal injury.  206 

2.8.1 Sacrifice of animals  207 

At the end of the experimental period, rats were observed for changes in their 208 

physical characteristics, and then sacrificed by decapitation following anaesthesia with 209 

diethyl-ether. Pancreas liver and kidneys were dissected out, observed grossly and fixed 210 

in 10% neutral buffered formalin. Sections of the pancreas, liver and kidney were 211 

processed for paraffin-embedding, cut at 5 µm and stained with haematoxylin and eosin 212 

for general histological study. 213 

2.8.2 Biochemical assays 214 

Blood was collected from each rat on the 28th day via intracardiac puncture after 215 

an overnight fast. Samples were collected into lithium heparinized bottles, blood was 216 

allowed to clot and serum separated by centrifugation at 3,500 rpm for 10 minutes 217 

using a general centrifuge (Uniscope SM112, Surgifriend Medicals, England). The serum 218 

was assayed either immediately or stored at -20°C.  219 

 Alanine transaminase (ALT) and aspartate transaminase (AST) levels were 220 

determined according to the spectrophotometric method described using appropriate 221 

assay kits. Serum creatinine and Urea levels were determined by a colorimetric reaction 222 

(Jaffe’s Method), and (DAM Method) respectively using an autoanalyser (Astra 8 223 

autoanalyzer; Beckman Instruments, Fullerton, CA) (A. Onaolapo & Onaolapo, 2012; A. 224 

Y. Onaolapo, Onaolapo, & Adewole, 2012). Total cholesterol, triglycerides, HDL-C, LDL-C, 225 
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and VLDL-C in serum were analyzed using commercially available kits following the 226 

instructions of the manufacturer. 227 

2.9 Photomicrography  228 

Sections of the pancreas were examined using a Sellon-Olympus trinocular 229 

microscope (XSZ-107E, China) with a digital camera (Canon Powershot 2500) attached, 230 

and photomicrographs taken.  231 

2.10 Statistical analysis 232 

Data was analysed using Chris Rorden’s ezANOVA for windows. Hypothesis was 233 

tested using analysis of variance (ANOVA). We tested the hypothesis that oral 234 

administration of C. spinosa leaf or bud significantly alter body weight, blood sugar, lipid 235 

profile, biochemical parameters of hepatic and renal function and morphology of the 236 

pancreas, liver and kidneys in streptozocin induced diabetic rats. Two factor ANOVA was 237 

used to test effects of C. spinosa dose and repeated administration on body weight, and 238 

glucose control, while one factor ANOVA was used to assess the effect of C. spinosa on 239 

lipid profile and liver/kidney biochemistry. Tukey (HSD) test was used for within and 240 

between group comparisons. Results were expressed as mean ± S.E.M, and p< 0.05 241 

considered significant. 242 

3. Results  243 

3.1. Phytochemical composition and in vitro enzyme inhibitory effects of Capparis 244 

spinosa  245 

The extracts of C. spinosa have revealed a large amount of flavonoids and other 246 

important bioactive compounds.  Particularly, rutin was determined as major flavonoid 247 

in the analyzed extracts (Table 1). In accordance with our results, rutin was detected 248 

also as predominant phenolic compound in C. spinosa harvested from different areas 249 

(Siracusa et al., 2011; Tlili et al., 2010). Another major constituent is p-coumaric acid, 250 
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which is present in all examined extracts. From multi-component analyses it can be 251 

observed that soxhlet procedure extracts more components than the other techniques, 252 

while microwave is a valid methodology to obtain catechin and epicatechin, two 253 

compounds not detected in the other extracts. As reported in Table 1, gallic acid can be 254 

found only when fresh buds were analyzed, furthermore the total quantities (g/mg) of 255 

the herein considered phenolic components are higher in leaf extracts than in the 256 

commercial salted buds. 257 

The enzyme inhibition assays have shown a strong inhibition activity on α-258 

amylase and α-glucosidase which are involved in glucose metabolism (Table 2). Fresh 259 

buds’ decoction and salted buds microwave extracts revealed the greatest inhibitory 260 

effect on α-amylase and α-glucosidase, respectively. The observed remarkable enzyme 261 

inhibitory effects may be explained with the higher levels of rutin. These findings were 262 

supported by some researchers; for example, Fernandes et al. (2010) suggested that 263 

rutin could be a valuable agent for preventing diabetes mellitus. Rutin may be useful as 264 

an antidiabetic modulator in streptozotocin-induced diabetic rats. In this direction, our 265 

findings could provide a precious contribution in the connection of rutin and diabetes 266 

mellitus. 267 

3.2.  Acute toxicity test of Capparis spinosa  268 

Acute toxicity studies of powdered leaf and bud of C. spinosa were carried out in 269 

rats by using the Organization for Economic Co-operation and Development (OECD) 270 

(2008) guideline. Rats were tested up to a dose of 5000 mg/kg body weight. Then they 271 

were observed for general behavioral changes, symptoms of toxicity and mortality after 272 

treatment for the first four (critical) hours, then over a period of 24 hours, and 273 

thereafter for 14 days. There were no mortalities, or observable evidence of behavioural 274 

or tissue toxicity. 275 
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3.3.  Effects of Capparis spinosa on body weight 276 

 Figure 1C represents the effect of C. spinosa on body weight. Two factor ANOVA 277 

with repeated measures assessing the effect of treatment on initial (taken on day 1) and 278 

final (taken on day 28) body weight revealed a significant main effect of treatment 279 

(F(8,40) = 10.4 p<0.001), and  body weight (F(1,5) = 55.6 p<0.006), with significant 280 

interactions between treatment x body weight (F(8,40) = 13.1 p<0.001). Pairwise 281 

comparisons of diabetic-control (STZ), metformin (MET) or C. spinosa and vehicle (non 282 

diabetic-control) revealed a significant decrease in body weight with STZ (p<0.001, 283 

p<0001), MET (p<0.001, p<0.001) and with C. spinosa leaf at 100 (p<0.003, p<0.002), 284 

200 (p<0.045, p<0.001) and 400 mg/kg (p<0.001, p<0.001) and C. spinosa bud at 100 285 

(p<0.001, p<0.002), 200 (p<0.004, p<0.002) and 400mg/kg (p<0.001, p<0.003) 286 

compared to vehicle with either initial or final body weight readings. Comparisons 287 

between MET, C. spinosa leaf/bud and diabetic-control (STZ) revealed no significant 288 

difference in body weight with either MET, C. spinosa leaf or bud with initial body weight 289 

reading, while with the final body weight readings, there was a significant increase in 290 

body weight with MET (p<0.001, p<0.001), C. spinosa leaf and bud at 100 (p<0.001, 291 

p<0.001), 200 (p<0.001, p<0.001) and 400 mg/kg (p<0.002, p<0.001) respectively. 292 

Comparisons between C. spinosa leaf or bud and MET revealed no significant difference 293 

in body weight at any of the doses of C. spinosa leaf or bud with the initial body weight 294 

readings while with the final body weight readings there was a significant increase in 295 

weight with C. spinosa leaf at 100 (p<0.002) and 200 mg/kg (p<0.045) and with C. 296 

spinosa bud at 200 mg/kg (p<0.045).  297 

3.4.  Effect of Capparis spinosa on blood glucose levels  298 

 Figure 1A represents the effect of C. spinosa body glucose levels in diabetic rats. 299 
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Two factor ANOVA with repeated measures assessing the effect of treatment on initial 300 

(taken on day 1) and final (taken on day 28) blood glucose levels revealed a significant 301 

main effect of treatment (F(8, 40) = 20.2, p<0.001), and blood glucose (F(1,5) = 1336 302 

p<0.001), with significant interactions between treatment x blood glucose (F(8, 40) = 303 

18.3 p<0.001). Pairwise comparisons of diabetic-control (STZ), metformin (MET) or C. 304 

spinosa and vehicle (non diabetic-control) revealed a significant increase in blood 305 

glucose  with STZ (p<0.001, p<0001) with initial and final blood glucose readings 306 

respectively, a significant increase in blood glucose was seen with MET (p<0.001), C. 307 

spinosa leaf and bud at 100 (p<0.001, p<0.001), 200 (p<0.001, p<0.001) and 400 mg/kg 308 

(p<0.001, p<0.001) respectively with initial blood glucose readings, while with respect 309 

to the final blood glucose readings no significant difference was seen compared to 310 

vehicle.  Comparisons between MET, C. spinosa leaf or bud and diabetic-control (STZ) 311 

revealed no significant difference in blood glucose levels with either MET, C. spinosa leaf 312 

or bud with initial blood glucose reading, while with the final blood glucose readings, 313 

there was a significant decrease in blood glucose with MET (p<0.001), C. spinosa leaf and 314 

bud at 100 (p<0.001, p<0.001), 200 (p<0.001, p<0.001) and 400 mg/kg (p<0.001, 315 

p<0.001) respectively. Comparisons between C. spinosa leaf or bud and MET revealed no 316 

significant difference in blood glucose levels at any of the doses of C. spinosa leaf or bud 317 

with the initial blood glucose estimation while with the final blood glucose values there 318 

was a significant decrease in blood glucose with C. spinosa leaf at 200 (p<0.027). 319 

3.5. Effect of Capparis spinosa on liver enzymes 320 

Figure 1B shows the effect of C. spinosa on liver enzymes in diabetic rats. 321 

Aspartate transaminase (AST) levels increased significantly (F(8,45) = 71.2, p<0.001) in 322 

the diabetic control (STZ) and with C. spinosa leaf at 100, 200 and  400 mg/kg  323 

compared to non diabetic-control (vehicle), while there was a significant decrease in 324 
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AST levels with metformin (MET), a standard antihyperglycaemic agent. Compared to 325 

STZ group there was a significant decrease in AST with MET, C. spinosa leaf and bud at 326 

100, 200 and 400mg/kg respectively. While compared to MET group administration of 327 

C. spinosa bud resulted in a significant increase in AST levels at 100, 200 and 400mg/kg.  328 

Alanine transaminase levels (ALT) increased significantly (F(8,45) = 25.3, 329 

p<0.001) with STZ compared to vehicle while with MET, C. spinosa leaf or bud no 330 

significant difference was seen. Compared to the STZ group there was a significant 331 

decrease in ALT levels with MET and with C. spinosa leaf and bud at 100, 200 and 400 332 

mg/kg respectively, whilst compared to MET there was no significant difference in ALT 333 

levels with C. spinosa leaf or bud.  334 

3.6.  Effect of Capparis spinosa on kidney function tests 335 

Table 3 shows the effect of C. spinosa leaf or bud on urea and creatinine levels in 336 

STZ-induced diabetic rats. There was a significant increase in urea levels (F(8,45) = 146, 337 

p<0.001) in the STZ group. Compared to STZ group there was a significant decrease in 338 

urea levels with MET and C. spinosa leaf and bud at 100, 200 and 400 mg/kg 339 

respectively.  Compared to MET, no significant difference was seen in urea levels with C. 340 

spinosa leaf or bud. 341 

Creatinine levels increased significantly (F(8,45) = 46.3, p<0.001) in the STZ 342 

group compared to vehicle. Compared to the STZ group there was a significant decrease 343 

in creatinine with metformin and C. spinosa leaf and bud at 100, 200 and 400 mg/kg 344 

respectively. Compared to metformin, a significant increase in creatinine was seen with 345 

C. spinosa leaf at 200 and 400 mg/kg and bud at 100, 200 and 400 mg/kg. 346 

3.7.  Effect of Capparis spinosa on lipid profile  347 

Table 3 also shows the effect of C. spinosa on lipid profile in diabetic rats. Total 348 

cholesterol (TC) increased significantly (F(8,45) = 40.9 p<0.001) in the STZ group and 349 
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with C. spinosa leaf at 100 mg/kg, and decreased with metformin compared to vehicle. 350 

Compared to STZ group there was a significant decrease in TC with metformin and C. 351 

spinosa leaf and bud at 100, 200 and 400 mg/kg respectively. Compared to metformin, 352 

TC increased significantly with C. spinosa leaf at 100, 200 and 400 mg/kg.  353 

Triglyceride (Tg) levels increased significantly (F(8,45) = 74.3, p<0.001) in the 354 

STZ group and with C. spinosa leaf at 400 mg/kg and decreased significantly with 355 

metformin compared vehicle. Compared to the STZ group Tg decreased significantly 356 

with metformin and with C. spinosa leaf and bud at 100, 200 and 400 mg/kg 357 

respectively. Compared to metformin there was a significant increase in Tg with 358 

administration of C. spinosa leaf at 200 and 400 mg/kg and bud at 100, 200 and 400 359 

mg/kg.  360 

High density lipoprotein (HDL) levels decreased significantly (F(8,45) = 5.48, 361 

p<0.007) in the STZ group and increased significantly with capparis spinosa bud at 100, 362 

200 and 400 mg/kg compared to vehicle. Compared to the STZ group there was 363 

significant increase in HDL with metformin and with C. spinosa leaf and bud at 100, 200 364 

and 400 mg/kg respectively. Compared to metformin, HDL levels increased significantly 365 

with C. spinosa bud at 100, 200 and 400mg/kg.  366 

Low density lipoprotein (HDL) levels increased significantly (F(8,45) = 132, 367 

p<0.001) in the STZ group, and with C. spinosa leaf at 100 and 200 mg/kg, and 368 

decreased significantly with metformin and with C. spinosa bud at 200 and 400 mg/kg 369 

compared to vehicle. Compared to the STZ group, LDL levels decreased significantly 370 

with metformin and with C. spinosa leaf and bud at 100, 200 and 400 mg/kg 371 

respectively. Compared to metformin, LDL levels increased significantly with C. spinosa 372 

leaf at 100, 200 and 400 mg/kg and a significant decrease with bud at 200 and 400 373 

mg/kg. 374 
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3.8.  Effect of Capparis spinosa on the morphology of the pancreas 375 

Figure 2 and 3 show representative photomicrographs of hematoxylin and eosin 376 

stained sections of the pancreas in normal and STZ-induced diabetic Wistar rats 377 

administered increasing doses of C. spinosa leaf (Figure 2 a-e) or bud powder (Figure 3 378 

a-e). Examination of slides from rats that received vehicle (Figure 2a, 3a) revealed 379 

normal pancreatic islet cells with deeply staining nuclei, normal sized blood vessels and 380 

pancreatic ducts. The exocrine pancreas also showed normal glandular cells with deeply 381 

staining nuclei. Slides from the STZ control groups (Figure 2b, 3b) of rats showed 382 

oedematous pancreatic tissue with widening of the interglandular spaces and engorged 383 

blood vessels. The islets of Langerhans appeared shrunken with numerous pale staining 384 

nuclei. In groups administered Metformin (Figure 2c, 3c) a standard antihyperglycaemic 385 

agent, there was minimal swelling of the pancreatic tissue evidenced by decrease in the 386 

spaces between individual glands. The pancreatic duct showed some dilation while only 387 

a few engorged blood vessels were seen.  In groups administered C. spinosa leaf powder 388 

at 100 (Figure 2d), 200 (Figure 2e) and 400 mg/kg (Figure 2f), a dose related effect was 389 

seen as evidenced by oedematous pancreatic tissue and minimally engorged blood 390 

vessels, shrunken islet of Langerhans cells with a mixture of pale and deeply staining 391 

nuclei at 100 (Figure 2d) and 200 mg/kg (Figure 2e) while at 400 mg/kg (Figure 2f) the 392 

pancreatic islet cells appear almost normal with deeply staining nuclei and very few 393 

pale staining nuclei. The blood vessels are not engorged and the pancreatic ducts are 394 

not dilated. In groups administered C. spinosa bud powder at 100 (Figure 3d), 200 395 

(Figure 3e) and 400 mg/kg (Figure 3f) a dose related effect was also seen, similar to the 396 

effects seen with C. spinosa leaves although oedema at 100 (Figure 3d) and 200 mg/kg 397 

(Figure 3e) are markedly reduced and the engorgement of blood vessels was minimal. 398 

The islet of Langerhans cells were shrunken with numerous pale and few deeply 399 
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staining nuclei at 100 mg/kg while at 200 mg/kg, the pancreatic islet of Langerhans had 400 

numerous deeply staining nuclei and very few pale staining nuclei. At 400 mg/kg 401 

(Figure 3f) the pancreatic islet of Langerhans was not as well preserved as seen with the 402 

leaf powder.         403 

3.9.  Effect of Capparis spinosa on the morphology of the liver 404 

 Examination of haematoxylin and eosin-stained sections of the liver in rats that 405 

were administered vehicle (Figure 4a, 5a, see Supporting Information) revealed sheets of 406 

radially-arranged hepatocytes around the central vein, with sinusoidal spaces 407 

demarcating cords of hepatocytes. Also obvious were deeply-staining hepatocyte nuclei 408 

and nuclei of a few Kupffer cells scattered surrounding the central vein; these features are 409 

in keeping with normal histology. Slides from sections of the liver of the STZ group 410 

(Figure 4b, 5b see Supporting Information) showed marked disruption of hepatocyte 411 

parenchyma, with loss of intervening sinusoidal spaces and swollen hepatocytes; with 412 

numerous pale-staining shrunken hepatocyte nuclei and numerous Kupffer cells were 413 

scattered throughout the hepatic parenchyma. Also obvious is a marked dilated central 414 

vein, these features are in keeping with hepatic injury. Examination of liver slides from 415 

the metformin group (Figure 4c, 5c see Supporting Information) revealed sheets of 416 

radially-arranged hepatocytes with intervening sinusoids and a mixture of deeply-417 

staining nuclei and few pale staining shrunken hepatocyte nuclei. Numerous 418 

inflammatory cells and/or kupfer cells are seen scattered around a dilated central vein 419 

and hepatic vein; overall features are in keeping with some protection against liver injury. 420 

In the groups administered C. spinosa leaf and bud at 100, 200 and 400 mg/kg 421 

respectively, varying degrees of protection from liver injury are seen, as evidenced by 422 

mild to moderate loss of normal liver architecture with some radially-arranged cords of 423 
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hepatocytes and normal nuclei interspersed between normal hepatocytes with deeply 424 

staining hepatocyte nuclei and a few hepatocytes with pale staining shrunken nuclei and a 425 

few kupfer cells. A mildly dilated central vein is seen with C. spinosa leaf at 100 (Figure 4d 426 

see Supporting Information), 200 (Figure 4e see Supporting Information) and 400 mg/kg 427 

(Figure 4f see Supporting Information) and C. spinosa bud at 100 (Figure 5d see 428 

Supporting Information) and 200 (Figure 5e see Supporting Information). C. spinosa bud 429 

at 400 mg/kg showed normal sized central vein with liver protection approaching normal 430 

histology.  431 

3.10.   Effect of Capparis spinosa on the morphology of the kidney 432 

 Examination of slides taken from sections of the right kidney of animals 433 

administered vehicle (Figure 6a, 7a see Supporting Information) revealed well 434 

demarcated cortex and medulla. Glomeruli, Bowman’s capsule, Bowman’s space, 435 

proximal and distal renal tubules and blood vessels all appear normal. Deeply staining-436 

nuclei of the glomeruli and tubular epithelium were seen. Examination of slides of the 437 

STZ group (Figure 6b, 7b see Supporting Information) showed disruption of normal 438 

kidney architecture with markedly contracted renal glomeruli, degenerating crumpled 439 

glomeruli, widening of the Bowman’s space and swollen renal tubules. Nuclei of the 440 

glomeruli and renal tubular epithelial cells ranged from numerous pale-staining 441 

shrunken renal cell nuclei to a few deeply staining normal renal cell nuclei, numerous 442 

inflammatory cells were seen scattered all over the renal parenchyma. In animals 443 

administered metformin (Figure 6c, 7c see Supporting Information), swelling of the 444 

renal glomeruli, with dilation of the Bowman’s space. Also obvious was swelling of the 445 

renal tubules, as evidenced by constriction of lumen of both the proximal and distal 446 

tubules. The nuclei of the renal glomeruli and renal tubular epithelium were a mixture 447 

of both deeply and pale-staining; features in keeping with some protection from kidney 448 
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injury. The groups administered C. spinosa leaf and bud at 100 (Figure 6d, 7d see 449 

Supporting Information), 200 (Figure 6e, 7e see Supporting Information) and 400 450 

mg/kg Figure 6, 7f see Supporting Information) respectively showed varying levels of 451 

protection from kidney injury. Administration of C. spinosa leaf at 100 (Figure 6d), 200 452 

(Figure 6e) and 400 mg/kg (Figure 6f) showed loss of normal renal architecture, with 453 

very few degenerating or shrunken renal cell nuclei, and mild to moderate swelling of 454 

the tubules. Bowman’s space was minimally dilated, with CS bud at 100 (Figure 7d), 200 455 

(Figure 7e) and 400 mg/kg (Figure 7f) preservation of the renal parenchyma is almost 456 

total with numerous deeply staining nuclei with their respective nucleoli, very few of 457 

the swollen renal glomeruli are seen, renal tubules are normal-sized, and nuclei of the 458 

renal tubular epithelial cells are deeply-staining.  459 

4. Discussion 460 

A number of studies have been conducted to investigate the antidiabetic 461 

potential of various extracts of C. spinosa (Eddouks, Lemhadri, & Michel, 2004; Eddouks 462 

et al., 2005; Kazemian, Abad, reza Haeri, Ebrahimi, & Heidari, 2015; Mohammadi, 463 

Mirzaei, Delaviz, & Mohammadi, 2012). In this study, we set out to assess (possibly for 464 

the first time) the effects of C. spinosa leaf/bud powders as a potential nutraceutical in 465 

the management of diabetes mellitus. The antidiabetic potential of C. spinosa leaf/bud 466 

was examined both in vitro and in vivo. In vitro analysis of plant samples revealed large 467 

quantities of phenolics and flavonoids, especially quercetin-3-O-rutinoside (rutin) 468 

which is a glycoside of the flavonoid quercetin. Rutin was the predominant flavonoid, in 469 

accordance with the already published literature (Siracusa et al., 2011; Tlili et al., 2010).  470 

Moreover, rutin has been associated with health-promoting effects; studies have shown 471 

that rutin inhibits aldose reductase activity (Reddy, Muthenna, Akileshwari, Saraswat, & 472 

Petrash, 2011), preventing the deposition of sorbitol, which has been associated with 473 

https://en.wikipedia.org/wiki/Flavonoid
https://en.wikipedia.org/wiki/Aldose_reductase
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diabetic end–organ injury. Rutin possess significant antioxidant potential in preventing 474 

oxidative stress, a major component of diabetes related end organ damage 475 

(Kamalakkannan & Prince, 2006). The results of the enzyme inhibition assays 476 

demonstrated strong inhibition of α-amylase and α-glucosidase, in particular by the 477 

bud. α-Amylase and α-glucosidase are key enzymes in carbohydrate metabolism. 478 

Inhibition of these enzymes have been associated with regulation of blood glucose level 479 

following a carbohydrate meal, which is an important component of diabetes 480 

management. The observed enzyme inhibitory effects have been attributed to the 481 

presence of a number of phytochemical constituents like hydrolysable tannins, 482 

flavonoids, xanthones, fatty acids, terpenoids, procyanidins and caffeoylquinic acid 483 

derivatives (Chang et al., 2013). In this case, the presence of flavonoids, especially a high 484 

content of rutin might be responsible for the enzyme inhibitory effects reported 485 

(Fernandes et al., 2010) . 486 

In vivo studies were performed to test the effect of C. spinosa leaf or bud powder 487 

on blood glucose, lipid profile, biochemical/morphological indicators of liver and kidney 488 

injury, and morphological changes in the pancreas in streptozotocin induced diabetes in 489 

Wistar rats. These changes were compared against the effects of a standard 490 

antihyperglycaemic agent (Metformin). The results showed that administration of 491 

increasing doses of C. spinosa leaf or bud resulted in 1) a reversal of diabetes-induced 492 

weight loss 2) significant reduction in blood glucose 3) reversal of diabetes induced 493 

dyslipidaemia and biochemical parameters of liver and kidney injury 4) varying levels 494 

of protection of renal, hepatic and pancreatic tissues against the deleterious effects of 495 

diabetes mellitus. 496 

In this study experimentally induced diabetes was associated with significant 497 

weight loss compared to non-diabetic controls, this is consistent with the results of 498 
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other studies (A. Onaolapo et al., 2011; Patel & Sharma, 2015; Zafar & Naqvi, 2010) that 499 

have reported weight changes with experimental diabetes. Weight loss in diabetic 500 

animals have been attributed to breakdown of tissue proteins. Metformin 501 

administration  resulted in lesser weight gain compared to C. spinosa in agreement with 502 

studies in either experimental animals  (A. Onaolapo & Onaolapo, 2012; Pournaghi, 503 

Sadrkhanlou, Hasanzadeh, & Foroughi, 2012; Yanardag, Ozsoy-Sacan, Bolkent, Orak, & 504 

Karabulut-Bulan, 2005) or humans that have reported reduced weight gain or weight 505 

loss with metformin use. Metformin’s  effect on body weight have been linked to its 506 

ability to reduce adipose tissue mass (Bailey & Turner, 1996). Treatment with C. spinosa 507 

resulted in a dose-related weight gain compared to both metformin and diabetic 508 

control, with leaf powder showing greater weight gain compared to buds. Studies using 509 

extracts of different parts of the C. spinosa plant have also reported weight gain in 510 

diabetic animals (Kazemian et al., 2015; Patel & Sharma, 2015). 511 

Glycaemic control is the cardinal goal for the management of diabetes mellitus. 512 

In the present study, both plant parts were able to control blood glucose after daily 513 

administration; although, glycaemic control after administration of leaf powder 514 

appeared to be better, when compared to that of powdered-bud.  Blood glucose control 515 

following treatment with C. spinosa has been attributed to the effects of a number of its 516 

biologially active constituents.  Phytochemicals identified from C. spinosa  leaves or buds 517 

include lipids, alkaloids, Quercetin-3-rutinoside (rutin), glucocapperin, polyphenols, 518 

phenolic acids and flavonoids (Manikandaselvi & Brindha, 2014). Extracts of different 519 

parts of the C. spinosa plant have been reported to be highly effective in the control of 520 

blood glucose (Eddouks et al., 2004, 2005; Kazemian et al., 2015; Mohammadi et al., 521 

2012; Patel & Sharma, 2015; Rahmani, Mahmoodi, & Salehi, 2013) in experimental 522 

diabetes. Its antihyperglycemic potential has been linked to the ability to slow down 523 
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digestion and absorption of carbohydrate, thereby preventing a sudden rise in blood 524 

glucose after food intake (Eddouks et al., 2004). Eddouks et al. (2004) also reported that 525 

C. spinosa’s antihyperglycemic activity was insulin independent. The results of the in 526 

vitro enzyme analysis suggest that the glucose lowering effect is related to the presence 527 

of large quantities of flavonoids like quercetin and/or rutin which could inhibit 528 

intestinal brush-border α-glucosidase and pancreatic α-amylase. 529 

Rutin is a powerful antioxidant which may help in the control of blood sugar via 530 

the preservation of pancreatic beta cells (as was seen with pancreatic morphology in 531 

this study) from oxidative damage, thereby ensuring continued secretion of insulin.  C. 532 

spinosa leaf at 200 and 400 mg/kg/day and buds at 400 mg/kg /day reduced blood 533 

glucose significantly more than metformin. Metformin lowers blood glucose primarily 534 

by suppressing hepatic gluconeogenesis (Kirpichnikov, McFarlane, & Sowers, 2002), 535 

which is markedly increased with diabetes and by activating adenosine monophospate–536 

activated protein kinase (AMPK), which is an insulin-signal for the maintenance of 537 

energy balance, glucose and fats metabolism (Towler & Hardie, 2007). At higher doses, 538 

C. spinosa may have effects that are similar to that seen with metformin. 539 

Control of plasma lipids levels and maintaining a balance in their relative 540 

composition are goals of management of diabetes mellitus. Diabetes mellitus is 541 

associated with dyslipidaemia, which is a sequelae of mobilization of free fatty acids 542 

from the peripheral fat stores (Ahmed, Lakhani, Gillett, John, & Raza, 2001). 543 

Derangement in blood glucose is usually accompanied by dyslipidaemia (rise in plasma 544 

cholesterol, triglycerides and LDL and reduction in HDL levels), these have been 545 

attributed to the activation of hormone sensitive-lipases which release free fatty acids 546 

from adipose tissue following insulin deficiency. In this study, induction of diabetes 547 

resulted in derangement of the blood lipid profile which was reversed by metformin 548 
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and increasing doses of C. spinosa leaf and bud. The lipid lowering effect of capparis 549 

powder are similar to that seen with studies that utilised extracts of plant parts 550 

(Eddouks et al., 2005; Kazemian et al., 2015).  551 

C. spinosa contains high quantities of phytosterols which have been reported to 552 

mediate the reduction in cholesterol levels. It has been suggested that it exerts 553 

antilipidaemic effects by decreasing intestinal absorption of cholesterol acting on bile 554 

acids; decreasing cholesterol biosynthesis by reducing the activity of 3-hydroxy-3-555 

methyl-glutaryl coenzyme A reductase (Sharma, Nasir, Prabhu, Murthy, & Dev, 2003). It 556 

could also enhance uptake of low density lipoproteins by increasing the activity of 557 

lecithin cholesterol acyl transferase (LCAT) which may contribute to the regulation of 558 

blood lipids. LCAT aids the incorporation of free cholesterol into HDL which may be 559 

responsible for increase in HDL levels seen with C. spinosa bud more than leaf.  560 

Hyperglycemia and hyperlipidemia resulting in the formation of advanced 561 

glycation, lipoxidation end products, increased production of free radicals and 562 

reduction in antioxidant activity  have been implicated in the pathogenesis of diabetes–563 

induced end-organ damage (Cheville, 2000; Robertson, Harmon, Tran, & Poitout, 2004). 564 

Histological examination of the pancreas, liver and kidneys in diabetic rats showed 565 

features that were consistent with organ injury in the diabetes control, which was 566 

similar to those reported in a number of other studies (Mohammadi et al., 2012; A. 567 

Onaolapo & Onaolapo, 2012; A. Y. Onaolapo et al., 2012). This was ameliorated to 568 

varying degrees with metformin or increasing doses of C. spinosa leaf or bud.   569 

Biochemical parameters of liver (ALT and AST) and kidney (urea and creatinine) 570 

injury were also markedly elevated in the diabetic control, but showed significant 571 

reduction with treatment (Metformin or C. spinosa). Administration of C. spinosa 572 

resulted in dose dependent decrease in ALT, AST levels, urea and creatinine, with bud 573 
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powder showing better results than leaf.   The effects of C. spinosa leaf and bud on the 574 

pancreas, liver and kidneys can be attributed to the presence of flavonoids like 575 

quercetin and rutin which have antioxidant properties (Manikandaselvi & Brindha, 576 

2014) and help to either reduce oxidative damage in the pancreas and liver or prevent 577 

the formation of glycation products in the kidneys. Phytosterols prevent fatty liver, 578 

metabolism of cholesterol and triglycerides reducing hyperlipidaemia and the 579 

formation of free radicals. 580 

Conclusions 581 

This study shows that C. spinosa fresh leaf and buds powders (deriving from the 582 

commercial salted buds), contain phytochemicals useful in the management of 583 

experimental diabetes mellitus in rats. In particular, rutin is the major flavonoids in all 584 

three preparations of leaves and buds. Enzymatic inhibition tests performed on -585 

glucosidase and -amylase support the existence of a molecular basis for the activity of 586 

the herb, which may be related to the rutin content. In vivo administration of C. spinosa 587 

leaf or buds revealed the normalization of all the biochemical parameters and reversed 588 

the liver/kidney injury with variable degrees of organ protection.  Therefore, it could be 589 

a potentially-viable adjunct in the day to day management of humans with diabetes 590 

mellitus and in the prevention of the raising of prediabetes by the systematic use of C. 591 

spinosa in the diet.  592 
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Table 1. Phenolic components of Capparis spinosa (µg/mg extract) * 709 

Compounds C. spinosa leaf extracts C. spinosa commercial salted buds 

extracts 

C. spinosa fresh buds extracts 

 Soxhlet Decoction Microwave Soxhlet Decoction Microwave Soxhlet Decoction Microwave 

Gallic acid nd nd nd nd nd nd 0.20±0.05 0.14±0.02 0.15±0.03 

Catechin 0.14±0.02 nd 2.75±0.37 nd nd 1.98±0.24 0.47±0.06 nd nd 

Chlorogenic acid 0.34±0.04 nd 1.01±0.21 nd nd nd nd nd nd 

p-OH benzoic acid 0.24±0.07 0.10±0.04 nd 0.76±0.12 0.35±0.05 nd 0.27±0.02 0.27±0.03 0.27±0.02 

Vanillic acid 0.19±0.05 nd 0.14±0.01 0.13±0.02 nd nd nd nd nd 

Epicatechin nd nd 0.36±0.05 nd nd 3.87±0.41 nd 0.11±0.01 0.12±0.02 

Syringic acid nd nd nd nd nd nd nd nd nd 

3-OH benzoic acid nd nd nd 0.13±0.01 nd nd 0.19±0.01 0.39±0.04 0.44±0.02 

3-OH-4-MeO benzaldehyde nd nd nd 0.39±0.05 0.08±0.01 0.72±0.12 0.07±0.01 0.10±0.01 0.08±0.01 

p-coumaric acid 0.39±0.03 0.12±0.02 0.17±0.02 0.41±0.06 0.21±0.06 0.09±0.01 nd nd 0.09±0.01 

Rutin 32.32±5.45 19.93±2.02 37.69±4.25 17.00±1.98 26.23±3.21 1.96±0.23 15.81±1.87 18.92±1.54 18.73±1.28 

Sinapic acid 0.07±0.01 nd nd 0.08±0.01 nd nd 0.09±0.01 0.10±0.02 nd 

t-Ferulic acid nd nd nd nd nd nd nd nd nd 

Naringin 0.49±0.09 0.34±0.04 0.59±0.06 0.42±0.05 nd 0.07±0.01 nd 0.17±0.01 0.17±0.02 



32 
 

2,3-diMeO benzoic acid 1.09±0.14 0.39±0.03 0.63±0.09 nd 0.52±0.07 nd 0.41±0.03 0.24±0.04 0.21±0.02 

Benzoic acid nd nd nd nd nd nd nd nd nd 

o-Coumaric acid nd nd nd nd nd nd nd nd nd 

Quercetin  0.40±0.11 0.15±0.02 0.13±0.03 nd nd nd nd nd nd 

t-Cinnamic acid 0.18±0.08 nd nd 0.22±0.06 nd 0.14±0.01 0.15±0.02 0.17±0.03 0.15±0.01 

Naringenin nd nd nd nd nd nd nd nd nd 

Total (g/mg extract) 35.85 21.03 43.46 19.53 27.37 8.82 17.69 20.61 20.41 

nd: not detected; *Values expressed are means ±SD of three experiments 710 

 711 

 712 

 713 

 714 

 715 

 716 

 717 

 718 

 719 

 720 
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Table 2. Enzyme inhibitory potentials of Capparis spinosa extracts 721 

Samples Amylase Inhibition (mmolACAE/g extract) Glucosidase Inhibition (mmolACAE/g 

extract) 

Fresh buds decoction 0.210±0.01* 2.63±0.07 

Fresh buds soxhlet 0.171±0.01 10.31±0.36 

Fresh buds MW 0.190±0.01 1.31±0.12 

Leaf decoction 0.190±0.01 2.76±0.10 

Leaf soxhlet 0.155±0.01 12.57±0.45 

Leaf MW 0.170±0.01 1.76±0.05 

Salted buds Decoction 0.102±0.01 11.89±0.22 

Salted buds soxhlet 0.161±0.01 19.53±0.16 

Salted buds MW 0.116±0.01 21.09±0.48 

* Values expressed are means ±SD of three experiments. ACAE: acarbose equivalents. 722 

 723 

 724 

 725 

 726 
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Table 3. Urea and creatinine levels, lipid profile parameters.  727 

     Groups       Urea (mmol/L)     Creatinine (μmol/L) TC (mmol/L) Tg (mmol/L) HDL (mmol/L) LDL (mmol/L) 

VEH 4.48±0.15 52.00±1.83 4.14±0.15 1.78±0.12 1.20±0.17 2.74±0.20 

STZ 19.27±0.17* 173.17±1.72* 10.61±0.15* 11.89±0.10* 0.38±0.05* 12.83±0.34* 

MET 6.55±0.21# 43.33±1.38# 2.58±0.15*# 1.04±0.15# 0.80±0.17# 1.01±0.10*# 

100L 4.06±0.08# 53.17±1.41# 5.37±0.52*#μ 2.05±0.43# 0.95±0.06# 3.77±0.28*#μ 

200L 6.250.09# 68.67±1.81#μ 4.99±0.35#μ 3.09±0.64#μ 1.13±0.07# 3.82±0.26*#μ 

400L 5.42±0.19# 68.00±1.58#μ 3.97±0.59#μ 3.58±0.42*#μ 1.15±0.11# 3.48±0.28#μ 

100B 7.00±0.18# 67.17±1.26#μ 3.86±0.27# 2.32±0.31#μ 1.96±0.14*#μ 2.24±0.43#μ 

200B 6.59±0.16# 73.00±1.30#μ 3.51±0.36# 2.74±0.45#μ 1.91±0.11*#μ 1.61±0.20# 

400B 5.9±0.11# 74.67±1.68#μ 3.58±0.29# 2.22±0.40#μ 1.93±0.13*#μ 1.69±0.11# 

Mean ±SE.M. Comparisons are: *p < 0.05 versus VEH, #p < 0.05 versus STZ, μp < 0.05 versus MET VEH: Vehicle, STZ: Streptozocin, MET: Metformin, 728 

TC: Total cholesterol, Tg: Triglyceride, HGS: High density lipoprotein, LDL: Low density lipoprotein, L: C. spinosa leaf, B: C. spinosa bud, number of 729 

animals per group=6.  730 
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 732 

Figure 1. (A) Effect of C. spinosa on body glucose in streptozocin-induced diabetic rats. Each bar represents Mean ±S.E.M, Differences between 733 

experimental groups (STZ, MET, L or B) and normal control (VEH) marked by * (post hoc test: p < 0.05), differences between MET, L or B and STZ 734 

marked by # (p < 0.05), differences between L or B and MET marked by µ (p<0.05), number of rats per treatment group = 6; VEH: Vehicle, STZ: 735 

Streptozocin, MET: Metformin, L: C. spinosa  leaf, B: C. spinosa bud. (B) Effect of C. spinosa on liver enzymes in streptozocin-induced diabetic rats. 736 

Each bar represents Mean ±S.E.M, Differences between experimental groups (STZ, MET, L or B) and normal control (VEH) marked by * (post hoc 737 

test: p < 0.05), differences between MET, L or B and STZ marked by # (p < 0.05), differences between L or B and MET marked by µ (p<0.05), number 738 

of rats per treatment group = 6; VEH: Vehicle, STZ: Streptozocin, MET: Metformin, L: C. spinosa leaf, B: C. spinosa bud. (C): Effect of C. spinosa on body 739 

weight in streptozocin-induced diabetic rats. Each bar represents Mean ±S.E.M, Differences between experimental groups (STZ, MET, L or B) and 740 

normal control (VEH) marked by * (post hoc test: p < 0.05), differences between MET, L or B and STZ marked by # (p < 0.05), differences between L 741 

or B and MET marked by µ (p<0.05), number of rats per treatment group = 6; VEH: Vehicle, STZ: Streptozocin, MET: Metformin, L: C. spinosa leaf, B: 742 

C. spinosa bud. 743 

 744 

 745 

 746 
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 747 

Figure 2a-f.  Pancreas of rats showing islet of Langerhans (Islet) with deep staining nuclei (ICN), exocrine pancreas (EP), blood vessels (BV), and 748 

pancreatic duct (PD), C. spinosa leaf (L), H&E x160, Scale bar- 29µm.  749 

 750 

 751 
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 752 

Figure 3a-f. Pancreas of rats in the C. spinosa bud group, showing islet of Langerhans (Islet) with shrunken pale staining nuclei (ICN) exocrine 753 

pancreas (EP), engorged blood vessels (BV) and pancreatic duct (PD), C. spinosa bud (B) H&E x160, Scale bar- 29µm. 754 

 755 


