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Objective: The aim of this study is to investigate the phytochemical and the long-term anti-neuropathic 

potentials of Crocus sativus cultivated in the University botanical garden, and explore its most bioactive 

compounds and their underlying mechanisms of action. 

Methods: Phytochemical analysis and bio-guided isolation-procedures including RP-HPLC and 1 H and 13 C 

NMR utilizing biological models of diabetes, inflammation, and diabetic-neuropathy were used. Cultivated 

saffron (S-RCED) and Spanish-saffron stigma (S-SP) alone or in combination with Camellia sinus (CS) were 

investigated. 

Results: The RP-HPLC analyses showed the presence of picrocrocin, crocin I, crocin II, crocin I’, crocin 

II’, and safranal (SAF) in both S-SP and S-RCED extracts with higher-concentrations. It had been shown 

that SAF was the most bioactive-compound in Crocus sativus . Both S-SP and S-RCED possessed significant 

( P < 0.05) anti-diabetic activities in acute (6 h), subchronic (8 d) and chronic (8 weeks) models. S-RCED 

had been proven with more hypoglycemic potentials when compared to S-SP and SAF. S-SP, S-RCED, and 

SAF produced significant anti-inflammatory and anti-nociceptive activities against carrageenan-induced 

inflammatory, hyperalgesic and tactile diabetic-neuropathy models, respectively. S-SP, S-RCED, and SAF 

elevated serum catalase, reduced glutathione, and insulin serum levels, ameliorated lipid peroxidation 

and HbA1c levels, and histopathologically regenerated the pancreatic beta-cells. Combinations with CS 

showed more significant efficacy than the single component. 

Conclusion: The oxidative stress reduction, insulin secretagogue, and pancreatic beta-cells regeneration 

potentials might be responsible for the mechanism underlying the anti-diabetic, anti-inflammatory and 

anti-diabetic neuropathy activities. Thus, the cultivated Crocus sativus might be clinically useful for pro- 

tecting against many serious-disorders. 

© 2019 Tianjin Press of Chinese Herbal Medicines. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

The stigma of Crocus sativus L. (Iridaceae) is one of the most

xpensive natural alternative medications. It is broadly utilized as

 food additive and as anxiolytic, sedative, and as immunomod-

latory drug in the Asian and European traditional medications

 Samarghandian & Borji, 2014 ). One of the main components of es-

ential oil of saffron responsible for its aroma is safranal, which is

n aldehydic monoterpene, formed in saffron by hydrolysis from

icrocrocin ( Sobolev et al., 2014 ). 
∗ Corresponding author. 
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The high cost of C. sativus limited its exploration of its biolog-

cal activities ( Mardani, Sekine, Azizi, Mishyna & Fujii, 2015 ). The

ultivation of C. sativus in research centers might overcome this

conomic burden and facilitate the identification of its most active

hytochemicals as well as their phytotherapeutic effects. 

The inflammatory pain responses are very essential protective

eactions to trauma, noxious-stimuli, or infection. The current syn-

hetic treatments of these responses cause many gastrointestinal

nd neurological side-effects ( Katani ́c et al., 2018 ). Therefore, it is

f high need to focus on finding an effective alternative therapy

ith lesser side effects. 

Diabetes is a major chronic disorder characterized by hyper-

lycemia, hypoinsulinemia and increased oxidative stress, which
his is an open access article under the CC BY-NC-ND license. 
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causes many complications ( Raafat & Omar, 2016 ). Painful diabetic-

neuropathy is one of the major complications of diabetes which

is very difficult to treat, and the available treatments are not

so efficacious and possess many undesirable effects ( Daugherty,

Marquez, Calcutt & Schubert, 2018 ). Oxidative-stress plays a big-

role in the pathogenesis and complications of diabetes and diabetic

neuropathy ( Shakeel, 2015 ). Thus, the exploration of novel effective

anti-nociceptive alternative medications with high antioxidant po-

tentials and long-term neuroprotective effects is of extreme impor-

tance. 

Previous studies concerning C. sativus have focused mainly

on exploring the short-term biological effects on plants that dif-

fer in cultivation, bioactive compound composition and concen-

tration from that cultivated in the University botanical gardens

( Srivastava, Ahmed, Dixit & Dharamveer, 2010 ). Currently, long-

term biological effects of C. sativus are of increasing importance

to study in order to observe the full picture and to ensure its long-

term efficacy. 

Therefore, the aim of this study is to investigate the phytochem-

ical and the anti-neuropathic potentials of C. sativus cultivated in

the University botanical garden long-term effects, and explore its

most bioactive compounds possessing anti-neuropathic potentials

and their underlying mechanisms of action. 

2. Materials and methods 

2.1. Chemicals 

Chemicals, solvents, and standards have been purchased from

Sigma-Aldrich (Germany). 

2.2. Plant materials 

Stigmas of Crocus sativus L. were obtained from the Botani-

cal Garden, Research Center for Environment and Development

(RCED), Beirut Arab University, Bekaa, Lebanon. Another sample of

C. sativus stigmas was a gift from Mrs. D. Kanj, obtained from Spain

(SP). Both specimens (RCED and SP) were identified by compar-

ison with an authentic sample, and reference samples were de-

posited in the Faculty-herbarium with voucher numbers FP17-011

and FP17-012, respectively. 

2.3. Extraction procedures 

The powder of Spanish saffron stigmas (S-SP) and saffron stig-

mas from Research Center for Environment and Development (S-

RCED) were suspended separately in 50% ethanol at 0 °C, vortexed

and filtered. The procedure was repeated four times for each ex-

tract (S-SP or S-RCED). Extracts were dried under vacuum utiliz-

ing Buchi rotary-evaporator (Germany). S-SP and S-RCED were kept

separately at −40 °C until further experimentation in thick-walled

brown glass containers in darkness. 

2.4. Quantitative RP-HPLC phytochemical analysis 

Chromatographic determination of components was op-

erated on an Agilent HPLC system with C 18 RP-column

(4.6 mm × 250 mm, 5 μm), consisting of mobile phase de-

livery module, mobile phase mixing vacuum-degasser, column

oven adjusted at 40 °C, a multiple wavelength DAD-detector

(adjusted at different maxima including 254 nm, 308 nm, 440 nm

for the identification of SAF-picrcrocin-crocins and crocetin, re-

spectively). The peaks have been quantified and identified by

using reference-standards and steeping method utilizing standard

calibration-curves. The flow rate and the injection volume were

1 mL/min and 20 μL, respectively. A gradient mobile-phase was
tilized consisting of a mixture of acetonitrile (A) and double

istilled water (B). First, 10% B for 5 min; increased to 80% in

0 min and held for more than 10 min. 

.5. Bio-guided fractionation procedures 

The S-SP extract has been fractionated utilizing RP-preparative

olumn-chromatography (0.5 m × 3.0 m) with a gradient mobile-

hase mixture of acetonitrile (A) and double distilled water (B).

irst two bed volume (BV) of 90% A, then two BV of 80% B, and fi-

ally two BV of 100% B. During the whole fractionation period, the

ractions were collected by time, then similar fractions were com-

ined and concentrated. Each portion was examined the same-way

s the whole extracts and the most bioactive fraction had been

dentified using 1 H and 

13 C NMR analysis. 

.6. 1 H and 13 C NMR analysis 

NMR-spectra of the saffron extract most bioactive fraction was

easured in CD3OD at 26 °C on a Bruker 300 NMR-spectrometer

orking at a proton-frequency of 300 MHz and operated with a

ruker-multinuclear z-gradient inverse probe-head capable of mak-

ng gradients in the z-direction. 1 H-spectra have been referenced

o the TSP methyl-signal at 0.00 × 10 −6 , whereas 13 C-spectra

ave been referenced to the deuterated methanol CD3 resonance

 δ = 50.0 × 10 −6 ). 

.7. Animals 

Male albino mice (28 −32 g) were accommodated in the faculty

nimal house for one week prior to experimentation and had free

ccess to water and food (unless the contrary is stated). All animal

ests were done according to animal-care regulations and under

AU Institutional Review Board approval (2018A-0057-P-R-0280). 

.8. Acute inflammatory-pain 

The acute inflammatory-pain was induced by injecting 100

L of carrageenan-solution (1%) intraplantarly into the animal

 n = 7/group) left hind-paw ( Boukhary, Raafat, Ghoneim, Aboul-

la & El-Lakany, 2016 ). Ibuprofen 100 mg/kg, utilized as positive-

ontrol, test compounds, or vehicle control were separately ad-

inistered Per-os (P.O.) 0.5 h before carrageenan administra-

ion as described before ( Gardmark, Hoglund & Hammarlund-

denaes, 1998a , 1998b ; Salama, El Gayar, Georgy & Hamza, 2016 ).

ehavioral-measurements have been done 2 h after carrageen-

dministration. 

.9. Diabetes and diabetic neuropathy induction 

Diabetes induction was done by injecting 180 mg/Kg alloxan

n animals for 3 d. The animal blood-glucose levels (BGL) have

een monitored by animal-tail pricking method ( Raafat, 2018 ) uti-

izing Accu-chek glucometers (Germany). The glycated hemoglobin

HbA1c) levels were measured utilizing Analyticon HbA1c kits

Germany). Mice having HbA1c more than 8, BGL more than

00 mg/dL, and serum insulin level less than 0.5 μg/L have been

onsidered diabetic. After 8 weeks of induction of diabetes, dia-

etic neuropathy was confirmed by a basal nociceptive-reaction of

round 2.5 s ( Raafat & Wael, 2018 ; Saleh et al., 2016 ). 

.10. Experimental protocol 

Diabetic mice were randomized to various groups with seven

nimals per group, and subjected to pre-dose and 8 weeks post-

ral treatment evaluation, as follows: 
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- Experimental test groups: The hypoglycemic, anti-

inflammatory, antinociceptive effects of S-SP (15, 200, and

250 mg/kg), S-RCED (150, 200, and 250 mg/kg), SAF (15, 20,

and 25 mg/kg), the first combination of S-SP 150 mg/kg and CS

200 mg/kg, and the second combination of S-RCED 150 mg/kg

and CS 200 mg/kg were evaluated in experimental animals. 

- Positive controls: The consecutive positive-standards were uti-

lized: glibenclamide (5 mg/kg) (GB) in serum insulin and

HbA1c experiments, tramadol (TRA)10 mg/kg in diabetic-

neuropathy investigations, metformin (MTF) 25 mg/kg in the

biochemical analysis, and ibuprofen (Ib) 100 mg/kg in inflam-

matory pain evaluation. 

- Vehicle control (VEH or DIA + VEH): Alloxan-induced vehicle-

treated diabetic/diabetic neuropathy control mice group. 

- Normal control (NORM): Untreated normoglycemic mice group.

.11. Serum-insulin, HbA1c levels, and body-weights 

In order to identify diabetic mice and to recognize the test

ompounds mechanism of hypoglycemia, serum-insulin levels (SIL)

ave been evaluated. After being discovered the diabetic animals,

IL was monitored at pre-dose and eight weeks post-treatment

tilizing HPLC reversed phase method at 40 °C utilizing C 18 end-

apped Lichrospher-column (Merck) with a 1 mL/min flow-rate.

he eluent was composed of TFA (0.1%) in HPLC water (A) and ace-

onitrile (B). The gradient-development-conditions were as follows:

ero min 70% (A), and then 60% (A) at 214 nm after 5 min, as pri-

ry described ( Raafat & Wael, 2018 ; Raafat et al., 2017 ). Further-

ore, the glycated-hemoglobin levels (HbA1c) were carefully eval-

ated utilizing Analyticon HbA1c analytical-columns at pre-dose

nd 8 weeks post-treatment. Additionally, in order to monitor the

melioration of hyperglycemia, animals body weight were recorded

re- and subchronically (1st, 3rd, 5th, and 8th day) post-treatment.

.12. Biochemical oxidative stress analysis 

Estimation of oxidative stress functional markers was deter-

ined by evaluating serum catalase (CAT) levels, lipid peroxidation

ia thiobarbituric acid test (TBARS), and reduced glutathione (GSH)

evels. The CAT levels were determined as kU/L via a method de-

cribed before ( Raafat & El-Lakany, 2017 ). The TBARS levels have

een monitored as nmol/L/100 g through a procedure priory de-

cribed ( Raafat & El-Lakany, 2018 ). Furthermore, GSH content was

lso evaluated as μg/mg by a protocol described in a previous ac-

ount ( Raafat et al., 2017 ). 

.13. Evaluation of diabetic-induced nociception 

After the confirmation of provoking diabetic neuropathy 8

eeks post-alloxination, the sensory nerve function was evaluated

sing tail-flick, hot-plate, and Von-fray tests pre-treatment, and
ig. 1. HPLC-DAD analysis for S-SP and S-RCED. (A) S-SP: ( 1 ) Picrocrocin (8.1%), ( 2 ) Croc

afranal (7.7%). (B) S-RCED: ( 1 ) Picrocrocin (3.1%), ( 2 ) Crocin I (5.2%), ( 3 ) Crocin II (2.6%), 
hronically (1st, 3rd, 5th, and 8th week) post-treatment. The tail-

ick method consisted of a radiant heat manual tail flick analge-

iometer was tested to evaluate reaction latencies with a cut-off

ime of 10 s to avoid tissue-damage ( Raafat & Omar, 2016 ). More-

ver, the hot-plate approach was used by locating the neuropathic

ice on a (52 ± 0.2) °C adjusted heating plate (Germany) to eval-

ate reaction latencies with a 10 s cut off time as reported be-

ore in literature ( Raafat & El-Lakany, 2015 ). Additionally, the Von

ray method was done to evaluate the mechanical thresholds uti-

izing Von fray filaments (Germany). The thresholds were recorded

n grams when the animal hind paw was withdrawn from a par-

icular filament ( Raafat & Hdaib, 2017 ). 

.14. Histopathological assessments 

At the conclusion of this study, all animal groups have been sac-

ificed; The pancreatic-tissues have been harvested and promptly

xed-in formalin (10%) for 2 d. Fixed pancreatic tissue samples

ave been then embedded in paraffin and stained with eosin and

ematoxylin (Brown, 2001). The samples were evaluated utilizing

 compound microscope and photographed using a Nikon digital

amera (Japan). 

.15. Statistical analysis 

All data have been represented as (mean ± S.E.M). Statistical-

ifferences between tests and controls have been evaluated by

ne-way analysis of variance (ANOVA), followed by Fisher post-hoc

est via the “OriginPro” statistic computer software. P < 0.05 have

een considered statistically-significant. 

. Results and discussion 

In order to phytochemically and biologically investigate C.

ativus cultivated in the botanical garden at Beirut Arab University,

ebanon the subsequent outcomes were evaluated. 

.1. Quantitative RP-HPLC phytochemical analysis 

The RP-HPLC analyses of both S-SP and S-RCED extracts showed

he identification of six major peaks with different concentrations.

-SP major peaks identified were ( 1 ) picrocrocin (8.1%), ( 2 ) crocin I

13.5%), ( 3 ) crocin II (11.3%), ( 4 ) crocin I’ (9.0%), ( 5 ) crocin II’ (8.3%),

nd ( 6 ) safranal (7.7%) ( Fig. 1 A), while that of S-RCED were ( 1 ) pi-

rocrocin (3.1%), ( 2 ) crocin I (5.2%), ( 3 ) crocin II (2.6%), ( 4 ) crocin I’

3.7%), ( 5 ) crocin II’ (3.3%), and ( 6 ) safranal (2.5%) ( Fig. 1 B). It was

bserved that S-SP had superiority in the amounts of the six major

eaks identified when compared to those of S-RCED. Safranal was

oticed to be presented in both extracts. 

.2. Bio-guided fractionation procedures 

The bio-guided fractionation and isolation procedures have re-

ulted in the separation of the most active fraction. Based on
in I (13.5%), ( 3 ) Crocin II (11.3%), ( 4 ) Crocin I’ (9.0%), ( 5 ) Crocin II’ (8.3%), and ( 6 ) 

( 4 ) Crocin I’ (3.7%), ( 5 ) Crocin II’ (3.3%), and ( 6 ) Safranal (2.5%). 
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Fig. 3. Effect on acute inflammatory pain (Mean ± SEM, n = 7). ∗P ˂ 0.05 vs vehicle 

control (VEH) group. 
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3

the 1 H NMR and 

13 C NMR evaluations, the most bioactive com-

pound isolated from the most active fraction was characterized

as safranal (SAF) ( Fig. 2 and Table 1 ). Therefore, the isolated SAF

might be considered as the most anti-inflammatory, anti-diabetic,

and anti-nociceptive compound isolated from C. sativus utilizing

carrageenan-induced inflammatory and alloxan-induced diabetes

and diabetic neuropathy models, respectively. 

3.3. Acute inflammatory-pain analysis 

The amelioration of acute inflammatory pain was investigated

after the oral administration of S-SP (150, 200, and 250 mg/kg),

S-RCED (150, 200, and 250 mg/kg), SAF (15, 20, and 25 mg/kg),

combination of S-SP 150 mg/kg and CS 200 mg/kg, combina-

tion of S-RCED 150 mg/kg and CS 200 mg/kg, combination of

SAF 15 mg/kg and CS 200 mg/kg, or positive control, ibuprofen

100 mg/kg ( Fig. 3 ). When correlated to vehicle-control (VEH), S-

SP at 150, 200, and 250 mg/kg demonstrated 1.15, 1.60, and 1.66

folds improvement in the pain paw withdrawal thresholds (PWT),

respectively, while that of S-RCED at 150, 200, and 250 mg/kg

showed 1.09, 1.45, and 1.68 folds, respectively, showing ame-

lioration of PWT. While that of SAF at 15, 20, and 25 mg/kg

confirmed to increase PWT by 1.06, 1.12, and 1.19, respectively.

The combinations of CS 200 with S-SP 150, S-RCED 150, and

SAF 15 mg/kg demonstrated 1.68, 1.71, and 1.28 folds improve-

ment in PWT, respectively. The positive control, Ib showed sig-

nificant improvement of PWT, when compared to VEH, by 1.77

folds. 

Our results showed that S-SP and S-RCED produced significant

anti-inflammatory effects in the carrageenan-induced inflamma-

tory nociception model. Thereby, our results supported that S-SP

and S-RCED might have anti-inflammatory potentials since they

blocked heat and pain, which are essential-signs of inflammation

( Simões et al., 2018 ). SAF had shown significant improvement of

PWT but with comparatively lower magnitude than the whole

extracts, implying that whole extract compounds work in syner-

gism with SAF giving higher analgesic effects than SAF alone, as
Fig. 2. Structure of safranal (SAF). 

Table 1 
1 H and 13 C- NMR data ( δ, ppm) of safranal (SAF). 

Position δC δH ( J in Hz) 

1 146.9 —

2 137.4 —

3 129.9 6.62 (d, J = 10.43) 

4 134.5 6.54 (ddd, J = 10.43, 11.07, 9.31) 

5 41.0 a 2.13 (dd, J = 15.82, 9.31) 

b 2.14 (dd, J = 15.82, 11.07) 

6 32.7 —

7 191.8 9.70 (s) 

8 17.1 2.34 (s) 

9 26.2 1.23 (s) 

10 26.2 1.26 (s) 
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een before with similar compounds ( Raafat, Wurglics & Schubert-

silavecz, 2016 ). Results also showed the superiority in ameliora-

ion of inflammatory pain of the tested compounds when tested in

heir lower doses (IC 50 ) in combination with C. sinus 200 mg/kg.

lthough no serious side-effects were observed from the tested

ompounds throughout the course of the study, decreasing the

ose of C. sativus in the combination has shown many benefits

ike improvement of the efficacy, decrease side-effects, if any, as-

ociated with saffron higher doses, and decreasing the economic

urden by decreasing the concentration of the comparatively ex-

ensive saffron treatment. 

.4. Effect on diabetes and diabetic-induced nociception 

.4.1. Acute, subchronic and chronic effects on diabetes 

In the favor of accessing the antihyperglycemic activity of the

ested compounds, the effect of various doses of the single ex-

ract/SAF or combination with CS were evaluated for their acute

6 h), subchronic (8 d), and chronic (8 weeks) anti-diabetic activi-

ies using Sigma-Performa glucometers (Germany), and HbA1c An-

lyticon micro-columns (Germany) ( Figs. 4 and 5 ). 

In the acute evaluation and after 6 h post-treatment, S-SP (150,

00, and 250 mg/kg) exhibited 21.13%, 27.75%, and 39.10% lowering

n blood glucose levels (BGL), respectively, whereas that of S-RCED

150, 200, and 250 mg/kg) displayed 31.38%, 36.50%, and 40.1%, re-

pectively, reduction in BGL, when compared to diabetic control

DC) ( Fig. 4 ). At the same time, that of SAF (15, 20, and 25 mg/kg)

howed the decrease of BGL by 27.50%, 35.10%, and 37.50%, respec-

ively. The combinations of CS 200 with S-SP 150, S-RCED 150, and

AF 15 mg/Kg showed 46.88%, 45.20%, and 46.00% BGL amelio-

ation, respectively. Glibenclamide (5 mg/kg) (GB) showed signif-

cant declining in BGL, when compared to DC, by 32.50% 6 h post-

reatment ( Fig. 4 ). 

Subchronically (8 d post-oral treatment), S-SP (150, 200, and

50 mg/kg) showed 39.11%, 43.10%, and 45.78% reduction in BGL,

espectively, while that of S-RCED (150, 200, and 250 mg/kg) fea-

ured 41.33%, 42.22%, and 49.34% of BGL reduction, respectively,

hen compared to DC ( Fig. 4 ). Simultaneously, SAF (15, 20, and

5 mg/kg) showed 40.00%, 42.67%, and 43.56% of BGL decrease,

espectively. The combinations of CS 200 with S-SP 150, S-RCED

50, and SAF 15 mg/kg displayed 49.33%, 63.11%, and 55.56% BGL
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Fig. 4. Effect on acute (6 h), subchronic (8th day) and chronic (8th week) blood 

glucose levels (Mean ± SEM, n = 7). ∗P ˂ 0.05 vs diabetic control (DC) group. 

Fig. 5. Effect on HbA1c before giving test compounds (predose) and 8 weeks post- 

dose (Mean ± SEM, n = 7). ∗P ˂ 0.05 vs vehicle control (VEH) group. 
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Fig. 6. Effect on body weight (Mean ± SEM, n = 7). ∗P ˂ 0.05 vs diabetic control 

(DC) group. 
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ormalization, respectively. Moreover, GB showed a significant re-

uction in BGL, when compared to DC, by 40.89% 8 d after oral

dministration ( Fig. 4 ). 

During the subchronic assessment, mice body weights (BW)

ere observed, where the elevation of diabetic mice body-weights

re one of the indicators of alleviation of diabetes symptoms

 Raafat & El-Lakany, 2018 ). S-SP (150, 200, and 250 mg/kg) dis-

layed 25.86%, 27.77%, and 33.10% elevation in BW, respectively,

hile that of S-RCED (150, 200, and 250 mg/kg) featured BW in-

rease of 29.67%, 31.58%, and 35.39%, respectively, when compared

o DC ( Fig. 6 ). SAF (15, 20, and 25 mg/kg) elevated BW by 25.86%,

5.90%, and 33.49%, respectively. The combinations of CS 200 with

-SP 150, S-RCED 150, and SAF 15 mg/kg displayed 35.39%, 37.30%,

nd 33.50% BW elevation, respectively. Additionally, GB displayed

 significant improvement in BW by 14.40% 8 d post-treatment,

hen compared to DC ( Fig. 6 ). 
In the chronic studies (8 weeks post-treatment), S-SP (150,

00, and 250 mg/kg) displayed 47.35%, 51.02%, and 53.06% re-

uction in BGL, respectively, while that of S-RCED (150, 200, and

50 mg/kg) featured 48.98, 52.65, and 54.69%, respectively, BGL re-

uction, when compared to DC ( Fig. 4 ). Concurrently, SAF (15, 20,

nd 25 mg/kg) decreased BGL by 46.94%, 51.02%, and 53.06%, re-

pectively. The combinations of CS 200 with S-SP 150, S-RCED 150,

nd SAF 15 mg/kg displayed 55.10%, 63.27%, and 57.14% BGL ame-

ioration, respectively. Furthermore, GB displayed a significant re-

uction in BGL by 46.94% 8 weeks post-treatment, when compared

o DC ( Fig. 4 ). 

In addition, during the chronic evaluation HbA1c levels were

onitored 8 weeks post-test administration and compared to

ehicle control (VEH) before treatment (predose) ( Fig. 5 ). S-SP

150, 200, and 250 mg/kg) showed 21.36%, 22.48%, and 24.7%

eduction in HbA1c level, respectively, whilst that of S-RCED

150, 200, and 250 mg/kg) displayed 17.99%, 21.36%, and 26.98%

f HbA1c level reduction, respectively, when compared to VEH

 Fig. 5 ). Concomitantly, SAF (15, 20, and 25 mg/kg) decreased

bA1c level by 15.74%, 19.11%, and 21.36%, respectively. The

ombinations of CS 200 with S-SP 150, S-RCED 150, and SAF

5 mg/kg displayed 26.98%, 28.10%, and 22.48% HbA1c level

melioration, respectively. GB displayed significant reduction in

bA1c level by 16.05% 8 weeks post-treatment, when compared to

EH ( Fig. 5 ). 

Our research showed that the oral-administration of S-SP (150,

00, and 250 mg/kg) or S-RCED (150, 200, and 250 mg/kg) pro-

uced a stable, significant, and dose-dependent normalization of

cute, subchronic and chronic models of diabetes, as observed be-

ore with similar compounds ( Raafat & Samy, 2014 ). S-RCED has

roven more hypoglycemic potentials when compared to S-SP and

AF acutely, subchronically and chronically. Moreover, the grad-

al increase in experimental mice body weights and the normal-

zation of HbA1c levels, after treatment with tested compounds,

ndicated the alleviation and long-term management of diabetes

ymptoms and their possible efficacy in amelioration and preven-

ion of diabetes-related complications. The Moreover, the combi-

ation with the EC 50 of S-SP (150 mg/kg), S-RCED (150 mg/kg), or

AF (15 mg/kg) and CS 200 mg/kg have shown superiority over

he highest doses of the single components. This apparent addi-

ive effect between S-SP, S-RCED, or SAF and CS might be bene-
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Fig. 7. Effect on serum insulin before giving test compounds (predose) and 8 weeks 

post-dose (Mean ± SEM, n = 7). ∗P ˂ 0.05 vs vehicle control (VEH) group. 
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ficial therapeutically and economically in the long-term manage-

ment of diabetes, and their potentials in amelioration and preven-

tion of diabetes-related complications. 

To identify the hypoglycemic mechanism of the tested-

compounds, serum insulin levels were monitored. 

3.5. Serum insulin levels 

The serum insulin levels (SIL) were significantly elevated in

mice after treatment with S-SP (150, 200, and 250 mg/kg) display-

ing 4.56, 5.30, and 5.67 folds increase in SIL, respectively, while

that of S-RCED (150, 200, and 250 mg/kg) featured 4.19, 4.93, and

6.41 folds of SIL elevation, respectively, when compared to VEH

( Fig. 7 ). SAF (15, 20, and 25 mg/kg) raised SIL by 1.96, 2.70, and

3.81 folds, respectively. The combinations of CS 200 with S-SP 150,

S-RCED 150, and SAF 15 mg/kg displayed 6.41, 7.15, and 4.56 folds

SIL augmentation, respectively. Furthermore, GB displayed signifi-

cant elevation in SIL by 1.96 folds, 8 weeks post-treatment, when
Fig. 8. Effect on hot plate pain thresholds (A) and tail flick pain threshold
ompared to VEH ( Fig. 7 ). Thus, it is evident that S-SP , S-RCED, and

AF promote insulin release to ameliorate diabetes hyperglycemic

ffects in the diabetic mouse model with superiority when com-

ined with CS. Moreover, a number of studies have regarded that

nsulin-secretagogue therapy, mainly when focused on glucose-

egulation, was a rationale therapeutic path for the diabetic

atients ( Leu et al., 2009 ; Raafat, 2016 ). Therefore, C. sativus pos-

esses an insulin secretagogue mechanism of action throughout the

ong-term amelioration of hyperglycemia. 

.6. Effects on hyperalgesic nociception 

After 8 weeks of induction of diabetes, the results of the hot-

late test showed that the response-latency in the diabetic group

as much lower, by 45.65% than the response latency in the nor-

al animals ( P < 0.05) indicating the provoking of diabetic neu-

opathy ( Fig. 8 A). As shown in Fig. 8 A, 8 weeks post-treatment

ith S-SP (150, 200, and 250 mg/kg) displayed 2.60, 2.90, and 3.24

olds increase in hot plate pain thresholds (HPPT), respectively,

hile that of S-RCED (150, 200, and 250 mg/kg) featured 2.32,

.82, and 3.17 folds of HPPT elevation, respectively, when compared

o DC ( Fig. 8 A). Furthermore, SAF (15, 20, and 25 mg/kg) raised

PPT by 2.40, 2.62, and 2.78 folds, respectively. The combinations

f CS 200 with S-SP 150, S-RCED 150, and SAF 15 mg/kg displayed

.17, 3.21, and 2.83 folds HPPT elevation, respectively. Furthermore,

he positive control, tramadol 10 mg/kg (TRA), displayed significant

aise in HPPT by 3.15 folds, 8 weeks post-treatment, when com-

ared to DC ( Fig. 8 A). 

In addition, the results of tail flick test showed that the

esponse-latency in the diabetic group was 44.18% lower than the

esponse-latency in the normal mice ( P < 0.05), indicating another

roof of stimulation of diabetic neuropathy ( Fig. 8 B). After induc-

ion of diabetic neuropathy and after 8 weeks post-treatment with

-SP (150, 200, and 250 mg/kg) neuropathic mice displayed 1.06,

.33, and 2.28 folds increase in tail flick pain thresholds (TFPT),

espectively, while that of S-RCED (150, 200, and 250 mg/kg) fea-

ured 1.11, 1.72, and 2.22 folds of TFPT elevation, respectively, when

ompared to DC ( Fig. 8 B). Furthermore, SAF (15, 20, and 25 mg/kg)

aised TFPT by 1.27, 1.66, and 1.61 folds, respectively. The combi-

ations of CS 200 with S-SP 150, S-RCED 150, and SAF 15 mg/kg

isplayed 1.89, 2.05, and 1.78 folds of TFPT elevation, respectively.

hen compared to DC, TRA displayed significant raise in TFPT by

.39 folds, 8 weeks post-treatment ( Fig. 8 B). 
s (B) (Mean ± SEM, n = 7). ∗P ˂ 0.05 vs diabetic control (DC) group. 
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After 8 weeks of tested-compounds treatment, HPPT and TFPT

ere significantly elevated in the diabetic animals with clear dom-

nance to S-SP and the combinations with CS, which suggests

heir efficacy towards amelioration of diabetic hyperalgesia noci-

eption, as shown with similar compounds previously ( Raafat &

l-Lakany, 2015 , 2017 ). 

.7. Effects on allodynic nociception 

To determine the anti-allodynic effects of the tested com-

ounds, von Frey filament method was utilized to determine the

aw withdrawal thresholds (PWT), 8 weeks after induction of di-

betes and provoking diabetic neuropathy, all results were com-

ared to DC ( Fig. 9 ). After the chronic administration of S-SP (150,

00, and 250 mg/kg) to neuropathic mice, these animals displayed

.00, 7.10, and 10.33 folds increase in PWT, respectively, while that

f S-RCED (150, 200, and 250 mg/kg) featured 6.88, 6.90, and 10.20

olds of PWT elevation, respectively, when compared to DC ( Fig. 9 ).

urthermore, SAF (15, 20, and 25 mg/kg) raised PWT by 4.50, 5.00,

nd 5.50 folds, respectively. The combinations of CS 200 with S-
Fig. 9. Effect on paw withdrawal thresholds. 
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Table 2 

In vivo assessment of antioxidant activities on CAT levels in serum, a

Groups 

(mg • kg −1 ) 

Catalase level (kU • L −1 ) TBARS

Predose 8th weeks Predos

Normal control 29.77 ± 1.58 29.98 ± 1.12 0.70 ±
Vehicle control 20.20 ± 1.59 19.20 ± 1.75 1.14 ±
MTF a 20.07 ± 1.42 21.28 ± 1.45 1.08 ±
S-SP 150 a 20.11 ±1.59 41.74 ± 1.45 ∗ 1.00 ±
S-SP 200 a 21.25 ±1.75 50.85 ± 1.45 ∗ 0.99 ±
S-SP 250 a 21.33 ±1.18 53.50 ± 1.26 ∗ 0.97 ±
S-SP 150 + CS 200 a 21.24 ± 1.22 54.13 ± 1.81 ∗ 0.97 ±
S-RCED 150 a 21.27 ± 1.78 39.84 ± 1.12 ∗ 0.94 ±
S-RCED 200 a 20.19 ± 1.26 52.76 ± 1.36 ∗ 0.96 ±
S-RCED 250 a 21.07 ± 1.36 54.33 ± 1.66 ∗ 0.93 ±
S-RCED 150 + CS 200 a 20.30 ± 1.49 47.56 ± 1.65 ∗ 1.15 ±
SAF 15 a 20.22 ± 1.44 43.20 ± 1.23 ∗ 0.95 ±
SAF 20 a 20.50 ± 1.22 47.80 ± 1.22 ∗ 0.94 ±
SAF 25 a 21.20 ± 1.56 49.10 ± 1.38 ∗ 0.94 ±
SAF 15 + CS 200 a 21.28 ± 1.42 50.45 ± 1.45 ∗ 0.93 ±
∗ P < 0.05 significant from vehicle control animals. 
a Compared to vehicle control. 
P 150, S-RCED 150, and SAF 15 mg/kg displayed 10.35, 10.30, and

.50 folds PWT elevation, respectively. Eight weeks post-treatment,

RA displayed significant raise in PWT by 10.25 folds ( Fig. 9 ). 

Our results indicated that the tested-compounds exhibited an-

iallodynic effects with a superiority to S-SP and combinations

ith CS. The nociception relieving effects featured after a sig-

ificant declining of pain thresholds, indicating some specificity

f C. sativus against chronic-pain. Moreover, the studied extracts

emonstrated more or less equieffective effects in relieving dia-

etic neuropathy like TRA, an atypical-opioids known for its effi-

acy towards diabetic neuropathy ( Czerwi ́nska et al., 2018 ). These

esults were similar to other bioactive plants preciously discovered

 Raafat & Omar, 2016 ). 

In order to study the tested compounds antinociceptive mecha-

ism, oxidative stress markers were studied. 

.8. Effects on oxidative stress markers 

Oxidative stress markers including serum catalase (CAT), glu-

athione reduction (GSH), and lipid peroxidation (LPO) levels were

onitored at pre-dose and 8 weeks after treatment, and compared

o vehicle control ( Table 2 ). S-SP (150, 200, and 250 mg/kg) signif-

cantly elevated CAT level by 1.17, 1.65, and 1.79 folds respectively,

ncreased GSH level by 37.84%, 54.91%, and 64.21%, respectively,

nd reduced LPO level by 87.03%, 88.47% and 90.20% respectively

 Table 2 ). S-RCED (150, 200, and 250 mg/kg) raised the CAT level

y 1.07, 1.75 and 1.83 folds, respectively, increased GSH level by

3.37%, 59.40%, and 70.44%, respectively, and reduced LPO level by

7.23%, 88.76% and 90.78%, respectively. Simultaneously, SAF (15,

0 and 25 mg/kg) raised the CAT level by 1.25, 1.49, and 1.56 folds,

espectively, increased GSH level by 26.78%, 35.46% and 41.54%, re-

pectively, and reduced LPO level by 73.49%, 85.59% and 88.76%,

espectively ( Table 2 ). The combinations of CS 200 with S-SP 150,

-RCED 150, and SAF 15 mg/kg raised the CAT level by 1.82, 1.48

nd 1.63 folds, respectively, increased GSH level by 69.47%, 57.49%,

nd 45.73%, respectively, and reduced LPO level by 91.64%, 88.47%

nd 85.30%, respectively ( Table 2 ). 

The antioxidant potentials of S-SP, S-RCED, and SAF on elevat-

ng CAT and GSH, and reducing LPO levels, presents their potentials

n ameliorating painful-neuropathy with a superiority of S-SP and

ombinations with CS. Previous accounts using other-compounds

xhibiting similar antioxidant potentials proved to have antinoci-

eptive properties ( Muthuraman, Diwan, Jaggi, Singh & Singh,

008 ; Nishiyama & Ogawa, 2005 ). 
lterations in TBARS and reduced GSH (Mean ± SD, n = 7). 

 Level (nmol • L −1 • 100 g −1 ) GSH (μg • mg −1 ) 

e 8th weeks Predose 8th weeks 

0.02 0.72 ± 0.02 61.39 ± 1.89 61.80 ± 1.25 

0.04 3.47 ± 0.03 54.63 ± 1.50 45.40 ± 1.90 

0.02 1.65 ± 0.04 52.52 ± 1.56 52.20 ± 1.45 

0.01 0.45 ± 0.02 ∗ 57.56 ± 1.45 62.58 ± 1.45 ∗

0.02 0.40 ± 0.03 ∗ 56.00 ± 1.65 70.33 ± 1.42 ∗

0.04 0.34 ± 0.06 ∗ 58.13 ± 1.45 74.55 ± 1.55 ∗

0.04 0.29 ± 0.06 ∗ 58.12 ± 1.66 76.94 ± 1.44 ∗

0.03 0.79 ± 0.01 ∗ 58.10 ± 1.70 60.55 ± 1.90 ∗

0.02 0.39 ± 0.02 ∗ 59.16 ± 1.60 72.36 ± 1.32 ∗

0.05 0.32 ± 0.03 ∗ 59.12 ± 1.50 77.38 ± 1.27 ∗

0.01 0.40 ± 0.03 ∗ 57.18 ± 1.40 71.50 ± 1.24 ∗

0.04 0.92 ± 0.02 ∗ 58.15 ± 1.60 57.56 ± 1.45 ∗

0.03 0.50 ± 0.02 ∗ 57.23 ± 1.80 61.50 ± 1.26 ∗

0.05 0.39 ± 0.03 ∗ 56.17 ± 1.90 64.26 ± 1.80 ∗

0.03 0.51 ± 0.05 ∗ 58.12 ± 1.25 66.16 ± 1.46 ∗
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3.9. Histopathological examinations 

The histopathological assessment demonstrated representa-

tive photo-micrographs of histological bio-analyses of pancreatic-

tissues from non-diabetic normal control animals ( Fig. 10 A),

vehicle-treated diabetic control mice ( Fig. 10 B), and diabetic mice

treated with S-SP (150, 200, and 250 mg/kg) ( Fig. 10 C −E, respec-

tively), S-RCED (150, 200, and 250 mg/kg) ( Fig. 10 G −I, respec-

tively), and combinations of CS 200 with S-SP 150 mg/kg and S-

RCED 150 mg/kg ( Fig. 10 F and J, respectively) were assessed. A de-

cline in the density of the cells, an injury of the beta-islets with

vacuolated-cells and number of blood-vessels decreased was de-

tected for the diabetic control group compared to normal non-

diabetic control group. The beta-islets from the different S-SP-

treated mice demonstrated a remarkable enhancement in cells re-

granulation and density. Moreover, S-RCED-treated group was less
Fig. 10. Pathohistology of pancreas of each group. (A) Normal control; (B) diabetic 

control; (C) S-SP 150 mg/kg; (D) S-SP 200 mg/kg; (E) S-SP 250 mg/kg; (F) S-SP 

150 and CS 200 mg/kg; (G) S-RCED 150 mg/kg; (H) S-RCED 200 mg/kg; (I) S-RCED 

250 mg/kg and (J) S-RCED 150 mg/kg and CS 200 mg/kg. 
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njured compared to the diabetic control group. Both combinations

ith CS demonstrated more or less equipotent improvements in

he number of beta-islets than single components and ensured re-

eneration of the beta-islets. When compared to the diabetic con-

rol, alloxan-induced diabetic mice in all treated groups showed

 significant increase in beta-islet density and restoration of the

lood-vessels density. 

Histopathological pancreatic assessment in diabetic animals

howed an evidence for the decline in langerhans cells, necrosis,

nd de-granulation as observed before ( Saleh, El-Darra & Raafat,

017 ). After treatment with S-SP and S-RCED, the langerhans cells

emonstrated improvement in the histological architecture. These

mprovements were augmented when the tested compounds were

ombined with CS 200 mg/kg. S-SP-treated mice demonstrated

 remarkable enhancement in cells re-granulation and density.

oreover, S-RCED-treated group was less injured, when correlated

o the diabetic control group, and returned back to its normal

tructure. In extract treated groups, these bio-effects were asso-

iated with significant amelioration of BGL, and insulin secreta-

ogue potentials. The histopathological pancreatic studies revealed

ignificant beta-cell regeneration and might be responsible for the

nti-diabetic and antidiabetic neuropathy mechanism of the tested

xtracts. These results were in line with previous studies show-

ng the regeneration potentials of other natural phytochemicals

 Kanter, Coskun, Korkmaz, & Oter, 2004 ; Saleh et al., 2017 ). 

. Conclusion 

The findings of the current study indicate that C. sativus cul-

ivated in the botanical garden at Beirut Arab University pos-

essed significant long-term anti-diabetic, anti-inflammatory, and

nti-nociceptive activities against diabetic neuropathy and that its

xidative stress reduction, the insulin secretagogue, and pancre-

tic beta-cells regeneration potentials might be responsible for the

echanism for these activities. The bio-guided fractionation and

he phytochemical analysis, including RP-HPLC and 

1 H and 

13 C

MR, have shown that safranal is the most bioactive compound

esponsible for saffron bio-activities. The combination of C. sativus

ith C. sinus has shown superiority in efficiency, and lowering C.

ativus dose, which has a great economic value in decreasing the

verall price of the expensive saffron treatment. Consequently, C.

ativus may be clinically useful for protecting against many serious

isorders including inflammation and painful diabetic neuropathy. 
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