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ABSTRACT
In most of Arabian courtiers Rhazya stricta is extensively utilized in public medicine for several diseases treatment. In this study, crude alkaloid extract of R. stricta (CAERS) coated with silver nanoparticles (CAERS-AgNPs)
as potential treatment against diabetes in DM animal model was evaluated. Swiss albino male rats (n = 80) were
injected with STZ to induce Diabetes Mellitus type-2 (DM). DM-rats were injected different doses of CAERS or
CAERS-nanoparticles (CAERS-NPs) for 2 months. The results exhibited that mRNA expression of insulin and
insulin receptor was down-regulated, activity levels of antioxidant enzymes were decreased, generation of ROS
mediated DNA adducts and apoptosis in DM-rats was increased signiﬁcantly than those in negative control rats.
In contrast, the expression of insulin and insulin receptor genes was up-regulated, activity levels of antioxidant
enzymes, ROS generation, DNA adducts and apoptosis incidence in DM-rats supplemented with high dose of
CAERS and all doses of CAERS-NPs were improved. In conclusion: R. stricta nanoparticles improved the
anti-diabetic effect of the plant much more than the powder form of the extract. This action could be attributed
to modiﬁcation of the chemical and physical properties of the plant materials. The properties modiﬁcation might
be improved the ability of plant compounds to penetrate the cell membrane which facilitating release of plant
materials into the target cells.
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1 Introduction
Saudi Arabia ranked as the second highest country in the Middle East in Diabetes mellitus (DM) rate as
declared by the WHO. It has been reported that more than seven million are suffering from diabetes in Saudi
Arabia and three million are considered as pre-diabetes [1]. Diabetes is deﬁned as a disorder in the
metabolism of many compounds leading to decrease insulin secretion, high blood sugar levels, and
disturbances in the metabolism of carbohydrates, proteins and fats. DM has been found to be highly
correlated with vascular complications, morbidity and mortality accompanied by lower quality of life [2].
The medicinal plant, namely, Rhazya stricta (Apocynaceae) is widely distributed in Arabian countries
and Indian sub-continent. The R. stricta leaf extract contains mainly glycosides, alkaloids, tannins and
triterpenes [3]. R. stricta leaf extract has been used for treatment several ailments such as diabetes [4],
cancer [5] and inﬂammation [3].
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Saudi Arabia is one of the most Arabian countries having widely R. stricta. The leaves of R. stricta
collected from different locations of Saudi Arabia contained high levels of ﬂavonoid compounds [6–8].
Alkaloid diversity and genome data of R. stricta has been also documented [9]. Several terpenoid indole
alkaloids (TIAs) are isolated from R. stricta leaves which could be utilized in several biotechnology
applications [10]. Additionally, the extract of R. stricta is considered as an important source of dtocopherols which possess anti-cancer, antioxidant and anti-inﬂammatory activities [11,12].
The nanotechnology promising ﬁeld involves the use of nano-materials to achieve preferred goals in
different ﬁelds including medicine (diagnosis of diseases), agriculture (pesticide management) [13,14].
Use of such ﬁeld is attributed to the speciﬁc physio-chemical characteristics of metal nanoparticles
enhancing biochemical properties, elevated reactivity and surface area. One of the important metal
nanoparticles is silver which is extensively used for diagnostic purposes, drug delivery and disease
treatment [15–19].
The new ﬁeld, namely, nanomedicine is a combination between nanotechnology and medicine which is
created to promote human health care. Diabetic treatment is one of the several applications of nanomedicine
in treating diseases [20]. They utilized biodegradable polymeric carriers “nanospheres”. This nano-material
act as artiﬁcial pancreas as an alternative to pancreas transplantation. So, as many of patients with diabetes in
the Saudi Arabia are using medicinal plants in combination with medicines to treat diabetes, in this study we
have investigated the use of crude alkaloid extract of R. stricta (CAERS) coated with silver nanoparticles
(Ag-NPs) as potential treatment against diabetes in DM animal model.
2 Materials and Methods
2.1 Chemicals and Drugs
Streptozotocin (STZ) drug used for induction of diabetes was obtained from Sigma–Aldrich, St. Louis
Missouri, USA. Chemicals used for molecular biology analyses were obtained from Invitrogen, Carlsbad,
CA, USA (such as Trizol reagent), Fermentas, Glen Burnie, MD, USA (such as reverse transcription and
PCR kits) and Stratagene, California, USA (such as SYBR Green Mix). Moreover, remaining used
chemicals were purchased from ordinary commercial suppliers.
2.2 Experimental Animals
Swiss albino male rats (130–145 g) were used in this experiment. The rats were supplemented with
regular diet and water ad libitum. Following one week adaptation time, several animal groups (n = 9)
were designed (10 rats each) in which the animals of each group were housed in separate plastic cages.
The rats were housed in animal care room free from any contamination and controlled light periods and
temperature. The utilized rats were received human care according to the Tabuk University Ethical
guidelines and the experimental design was approved from the Ethical committee of Tabuk University.
2.2.1 Induction of Diabetic Animals
Fasted rats were injected intraperitonealy (i.p.) with one dose of STZ solution (50 mg/kg b.wt.) [21] to
induce diabetes. Three days later of injection, blood samples were aspirated from STZ-exposed animals and
levels of glucose were estimated. When, the glucose levels exceeded 250 mg/dl [22], the rats were considered
as diabetic animals and were included in this study. Healthy control animals were injected with citrate buffer
solution.
2.2.2 Plant Material
The R. stricta leaves are collected in 2020 from Tabuk, KSA. The plant samples were dried using solar
energy once transfer the samples into the laboratory. The R. stricta leaves were authenticated by the Biology
Department, University of Tabuk, Saudi Arabia.
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2.2.3 Alkaloid Extract Preparation
Leaves of R. stricta were used to prepare a crude alkaloid extract according to Elkady [23]. In brief, dried
powder of R. stricta leaves (350 g) were soaked in methyl alcohol (1 L, 80%) for one week at 24°C.
Afterwards, the R. stricta methanolic extract was evaporated and the rest residue was suspended in H2O
and ﬁltered. The water extract was mixed with glacial acetic acid (10%) and then extracted with
chloroform which had weakly neutral and basic alkaloids compounds. The residual of aqueous solution
was mixed and alkalinized with NaOH (pH = 11). Using chloroform the alkaline water layer was
extracted to a good yield of chloroform fraction having strongly alkaloid compound termed as crude
alkaloid extract of R. stricta (CAERS).
2.2.4 Biosynthesis of Silver Nanoparticles
Preparation of silver nitrate nanoparticles (1 mM) was carried out in aqueous solution in which the fresh
CAERS was added at a ratio of 9:1 (v:v). The solution mixture of silver nanoparticles (Ag-NPs) and CAERS
was placed with constant rotation in a shaker at 27 ± 2°C for six h [24].
2.2.5 Nanoparticles Characterization of CAERS-AgNPs
The prepared CAERS-AgNPs was characterized using UV-visible spectrophotometry. Therefore, to
prove the biosynthesize of CAERS-AgNPs, a UV-visible spectrophotometry (UVD 3200) had been used.
Additionally, to perform the X-ray diffraction assessment of CAERS-AgNPs, X-ray Diffractometer
(Equinox 3000) was used. Furthermore, a Hitachi (S-4160) scanning electron microscopy was utilized to
analyze the size and shape of the biosynthesized CAERS-AgNPs. Also, to measure particle and molecule
sizes of the prepared CAERS-AgNPs a Nno-z 590 Malvern-Zetasizer was implemented. The
characterization measurement of DVLE-AgNPs was determined to classify the functional groups
responsible in reduction of silver ion existed in CAERS. Consequently, potassium bromide with the
pellets of CAERS combined with Ag-NPs (1:100) for FTIR spectrum analysis by a Bruker Tensor
27 spectrophotometer was used.
2.2.6 Study Protocol Approval
The protocol of the in vivo experiments was approved by the Ethical committee of Faculty of Science,
University of Tabuk, Tabuk, Saudi Arabian. All protocols and procedures concerning animal handling and
care of animals (NIH guidelines) followed to the ARRIVE guidelines [25] were taken into consideration.
2.2.7 Experimental Design
Animals used in this study were allocated in eight groups (10 rats per a group) as follows: Group 1: Rats
injected orally with citrate buffer solution and served as control. Group 2: Animals were exposed (i.p.) to
single dose of STZ (50 mg/kg b.wt.) to induce Diabetes Mellitus type-2 (DM) as described above [26].
Groups 3–5: diabetic-rats were injected orally with 0.11, 0.22, and 0.33 g/kg body weight, respectively,
of crude alkaloid extract of R. stricta (CAERS) for 2 months [27]. Groups 6–8: diabetic-rats were
injected orally with 0.11, 0.22, and 0.33 g/kg body weight, respectively, of CAERS-nanoparticles
(CAERS-NPs) for 60 days. At termination of the experiment, samples of the blood were taken to measure
levels of glucose. Afterwards, using ether animals from all treated groups were anesthetized and then
sacriﬁced speedily. Consequently, pancreas and liver tissues of the animals were collected for the bio
analyses.
2.3 Gene Expression Analysis
2.3.1 Isolation of Total RNA and Reverse Transcription Reaction
The total RNA of collected pancreas samples of all treated animals was extracted using TRIzol®
extraction reagent (Invitrogen, Carlsbad, CA, USA). Subsequent to achievement of the RNA extraction,
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the pellets of the isolated RNA were kept in water containing DEPC. The isolated RNA was exposed to
RNAse-free DNAse kit (Invitrogen, Germany) to break down the potential residues of the DNA [28].
Afterwards, the extracted RNA was divided in aliquots and kept under −80°C until use for reverse
transcription.
To synthesize the cDNA copies of the pancreas samples of treated animals synthesis kit of First Strand
cDNA of Fermentas company (RevertAidTM, Fermentas, Glen Burnie, MD, USA) was utilized to reverse
isolated RNA to cDNA through the reaction of reverse transcription (RT). The PCR program of the RT to
obtain the cDNA copy was adjusted as follows: (a) 10 min at 25°C; (b) 60 min at 42°C; and (c) 5 min at
95°C. After termination of the RT reaction, the PCR tubes containing cDNA copies were kept at −20°C
up to use for qRT-PCR [29].
2.3.2 Quantitative Real Time-PCR
The synthesized cDNA copies of the pancreas samples were used for the qRT-PCR reaction using
SYBR green kit (Stratagene, California, USA). Melting curve was performed for each reaction and
speciﬁc studied gene. The Ct values of the qRT-PCR of investigated genes were normalized on those of
the β-actin housekeeping gene (Tab. 1). The quantitative values of the tested genes under investigation to
the housekeeping gene were assessed using 2−ΔΔCT method.
Table 1: Primer used for qRT-PCR ampliﬁcation
Gene

Primer sequences (5′–′3)

Insulin 1

F-CCT GTT GGT GCA CTT CCT AC
Hegazy et al. [30]
R-TGC AGT AGT TCT CCA GCT GC
F-TTC ATT CAG GAA GAC CTT CGA
R-AGG CCA GAG ATG ACA AGT GAC
F-GGT ATG GAA TCC TGT GGC ATC CAT GAA A
R-GTG TAA AAC GCA GCT CAG TAA CAG TCC G

Insulin
receptor
β-actin

References

Note: F: forward primer; R: reverse primer.

2.3.3 Assessment of ROS Generation
To determine the intracellular ROS generation in pancreatic samples of treated animals was carried
out using ﬂuorescent probe of the oxidation-sensitive DCFH-DA through a ﬂow cytometer. Through
the reaction the pancreatic cells were freely absorbed the non-ﬂuorescent compound DCFH-DA. The
ﬂuorescence activity was determined at excitation 488 nm and emission 525 nm by the ﬂow cytometer.
The counted cells for each measurement were approximately equal to 1 × 105 cells in which the test was
carried out in triplicate [31].
2.3.4 Assessment of DNA Adducts (8-OHdG and 2-dG)
The 8-OHdG/2-dG ratio generated in pancreatic tissues of all treated rats was carried out. Total DNA
was isolated from rat samples by homogenizing its tissues in lysis buffer (pH 7.4) and incubating the
samples over night (~ for 16 h) in presence proteinase K at 50–60 C. The incubated animal samples were
then treated with RNase enzyme at 50 C for 10 min according to Abdu et al. [32]. Chloroform/isoamyl
alcohol method was used to extract the genomic DNA from the experimental groups. The isolated DNA
pellet was dissolved in Tris/EDTA solution up to use. Using HPLC (CoulArray system, Model 5600)
with several electrochemical sensors the formation ratio of 8-OHdG/2-dG was determined [33].
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2.3.5 Apoptosis Detection by Annexin V-Fitc Assay
To assess the apoptosis in pancreatic tissues of all treated rats a protocol of the Annexin V-FITC assay kit
(Sigma-Aldrich, Germany) was used. Pancreatic samples collected from all experimental groups were
homogenized in PBS, washed in distilled water and left at 4°C. After homogenization process Annexin
V-FITC was mixed with the cell suspension binding buffer and the mixture was kept in the dark for 10
min. Afterwards, the incubated cells were washed and then re-suspended in the binding buffer followed
by adding Propidium Iodide (PI) solution. The cells were kept on ice and consequently analyzed by ﬂow
cytometry (Becton Dickinson, San Jose, CA, USA). After ﬂow cytometry measurement CellQuest
software (Becton Dickinson, San Jose, CA, USA) was used to analyze the obtained data. Finally,
apoptosis was calculated as summation of early apoptotic cells and late apoptotic cells according to
Dabour et al. [34].
2.3.6 Antioxidant Enzymes Analysis
According to the protocols of commercially available kits, liver samples collected from treated groups
were homogenized in lysis buffer using clean mortar. At the reaction termination the samples were
centrifuged and the supernatants were used for the measurement of catalase (CAT) and glutathione
peroxidase (GPx) enzymes following the instructions of utilized kits [35].
2.4 Statistical Analysis
All data obtained from the previous analyses were expressed as mean ± SEM and analyzed using
General Liner Models (GLM) of Statistical Analysis System (SAS). Afterwards, to assess the signiﬁcant
differences between investigated groups a Scheffé-test was utilized. All signiﬁcance statements were
based on probability of P < 0.05.
3 Results
3.1 Levels of Glucose in CAERS and CAERS-NPs Treated DM-Rats
Glucose levels in serum of diabetic are presented in Tab. 2. The measurement exhibited that CAERS and
CAERS-NPs reduced the levels of glucose in diabetic rats after 2 months treatment with clearly signiﬁcant
differences compared to DM-rats without treatment. The reduction impact on the glucose levels was
observed with all doses of CAERS and CAERS-NPs. Moreover, the reduction in the glucose levels at the
treatment with the high dose of CAERS-NPs reached point very close to levels of glucose in control rats.
Table 2: Effect of CAERS and CAERS-nanoparticles on serum glucose levels in diabetic rats
Treatment

Glucose level (mg/dl)

Control
DM
DM + CAERS-L
DM + CAERS-M
DM + CAERS-H
DM + CAERS-NPs-L
DM +CAERS-NPs-M
DM + CAERS-NPs-H

Day 0*
93.4 ± 5.2b
337.2 ± 11.3a
335.9 ± 12.5a
332.5 ± 18.6a
328.2 ± 14.2a
325.1 ± 18.7a
321.7 ± 14.6a
319.3 ± 17.2a

Mon2
89.2 ± 4.9e
334.1 ± 12.2a
287.4 ± 15.6b
236.8 ± 11.1c
192.4 ± 10.4d
195.7 ± 8.3d
155.2 ± 9.5e
128.5± 8.6e

Note: Day 0*: The day when blood sugar reach >250 mg/dl (2–4 days after STZ treatment); DM: Diabetus
mellitus; CAERS: crude alkaloid extract of R. stricta NPs: Nanoparticles; a, b Mean values within column
with unlike superscript letters were signiﬁcantly different (a: P < 0.001, b: P < 0.01).
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Relative expression of Insulin / β-actin

3.2 Gene Expression Proﬁle in CAERS and CAERS-NPs Treated DM-Rats
The expression proﬁle of the studied genes related to diabetes, namely, insulin and insulin receptor in
pancreatic samples collected from all treated groups is summarized in Figs. 1 and 2. The results found
that expression levels of the studied genes were decreased signiﬁcantly (P < 0.001) in DM-rats in
comparison to those in healthy control rats.
3.5
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Figure 1: Expression levels of insulin gene in pancreatic tissues of DM rats treated with CAERS and
CAERS-nanoparticles. Data are presented as mean ± SEM. a,b,c,d followed by different superscripts are
signiﬁcantly different (P ≤ 0.05)

Figure 2: Expression levels of insulin receptor gene in pancreatic tissues of DM rats treated with CAERS
and CAERS-nanoparticles. Data are presented as mean ± SEM. a,b,c,d followed by different superscripts are
signiﬁcantly different (P ≤ 0.05)
In contrast, insulin and insulin receptor genes were over expressed with signiﬁcant (P < 0.05 and
P < 0.01, respectively) high values in diabetic rats treated with medium and high doses of CAERS in
comparison to those in DM-rats without treatment. Moreover, the genes under study were (P < 0.01 and
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P < 0.001, respectively) over expressed in diabetic rats treated with all three doses of CAERS-NPs in regard
to those in DM-rats without treatment. Furthermore, insulin and insulin receptor genes were highly over
expressed in DM-induced rats treated with CAERS-NPs at the highest dose as their expression reached
levels very close to that in healthy control rats.
3.3 ROS Generation in CAERS and CAERS-NPs Treated DM-Rats
The effect of CAERS and CAERS-NPs on the formation of the intracellular ROS ratio in pancreas
samples of DM-animals is presented in Fig. 3. The current ﬁndings indicated that the ROS generation
induced by STZ in DM-rats was increased signiﬁcantly compared with those in control animals. In
contrast, the ROS generation ratio in DM-rats treated with CAERS at the medium and high doses
decreased signiﬁcantly (P < 0.05) in comparison to that in DM-rats without treatment. Additionally,
treatment of diabetic animals with CAERS-NPs at the all tested doses decreased signiﬁcantly
(P < 0.01 and P < 0.001, respectively) the ROS generation in comparison to that in DM-rats without
treatment.

Figure 3: The changes of intracellular ROS levels in pancreatic tissues of DM-rats treated with CAERS and
CAERS-nanoparticles. Data are presented as mean ± SEM. a,b,c,d,e followed by different superscripts are
signiﬁcantly different (P ≤ 0.05)
3.4 Formation of DNA Adducts in CAERS and CAERS-NPs Treated DM-Rats
The formation of 8-OHdG/2-dG ratio in pancreatic samples of DM-animals treated with CAERS and
CAERS-NPs is illustrated in Fig. 4. The obtained results exhibited that the ratio of 8-OHdG/2-dG
formation induced by STZ in DM-animals was signiﬁcantly increased compared with that in control
animals. However, the formation ratio of the DNA adducts in DM-animals treated with CAERS at
medium and high doses decreased signiﬁcantly (P < 0.05) in comparison to that in untreated DM-animals.
Also, treatment of diabetic animals CAERS-NPs at the all three tested doses decreased signiﬁcantly
(P < 0.01 and P < 0.001, respectively) the DNA adducts formation compared with that in untreated DM-rats.
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Figure 4: Generation of 8-OHdG in pancreatic tissues of DM-rats treated with CAERS and CAERSnanoparticles. DNA damage was expressed as the ratio of oxidized DNA base (8-OHdG) to nonoxidized
base (2-dG) in pancreatic tissue DNA. a,b,c,d followed by different superscripts are signiﬁcantly different
(P ≤ 0.05)
3.5 Apoptosis in CAERS and CAERS-NPs Treated DM-Rats
The incidence of apoptosis using ﬂow cytometry analysis combined with FITC-Annexin V/PI staining
in pancreatic samples of DM-animals treated with CAERS and CAERS-NPs is summarized in Figs. 5a
and 5b. The results found that the incidence of apoptosis (%) induced by STZ in DM-animals increased
signiﬁcantly in comparison to that in control rats (Fig. 5a).

Figure 5: Continued

Phyton, 2021, vol.90, no.6

1757

Figure 5: (a) Flow cytometry analysis of annexin-V and propidium iodide staining in pancreatic tissues of
untreated control and diabetic rats (DM). The upper left (UL) quadrant represents necrotic cells, the left lower
(LL) quadrant represents healthy cells, the upper right (UR) quadrant represents early apoptotic cells and the
lower right (LR) quadrant represents late apoptotic cells. Apoptosis was calculated as summation of UR +
LR. Values represent average percentage (±SEM) of at least ﬁve samples. (b) Flow cytometry analysis of
annexin-V and propidium iodide staining in pancreatic tissues of diabetic rats (DM) treated with high
dose of CAERS (DM + CAERS-H) and diabetic rats (DM) treated with high dose of CAERSnanoparticles (DM + CAERS-NPs-H). The upper left (UL) quadrant represents necrotic cells, the left
lower (LL) quadrant represents healthy cells, the upper right (UR) quadrant represents early apoptotic
cells and the lower right (LR) quadrant represents late apoptotic cells. Apoptosis was calculated as
summation of UR + LR. Values represent average percentage (±SEM) of at least ﬁve samples
The apoptosis rates in DM-rats treated with CAERS and CAERS-NPs at low and medium doses
were decreased without signiﬁcant differences (P > 0.05) compared with untreated DM-animals. However,
treatment of DM-animals with CAERS and CAERS-NPs at the high dose suppressed signiﬁcantly
(P > 0.05) the incidence of apoptosis (Fig. 5b).
3.6 Antioxidant Enzyme Activity in CAERS and CAERS-NPs Treated DM-Rats
The activity of the antioxidant enzymes (GPx and CAT) in hepatic samples of DM-animals treated with
CAERS and CAERS-NPs is presented in Tab. 3. The obtained activity values indicated that GPx and CAT
activities declined signiﬁcantly in DM-animals in comparison to those in control rats. Nevertheless, the GPx
activity levels in DM-animals treated with CAERS (at the highest dose) and CAERS-NPs (at the medium and
high doses) were increased with signiﬁcant differences in comparison to that in untreated DM-animals. In
addition, activity levels of CAT were increased signiﬁcantly in DM-animals treated with CAERS (at
medium and high doses) and CAERS-NPs (at all doses) compared with those in untreated DM-animals.
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Table 3: Effect of CAERS and CAERS-nanoparticles on enzyme activity in liver tissues of diabetic rats
Treatment

Enzyme activity
(nkatals/mg protein)
GPx

Control
DM
DM + CAERS-L
DM + CAERS-M
DM + CAERS-H
DM + CAERS-NPs-L
DM + CAERS-NPs-M
DM + CAERS-NPs-H

CAT
a

243.5 ± 12.4
108.3 ± 7.2e
122.7 ± 6.2e
139.2 ± 9.1d
152.1 ± 11.4cd
131.9 ± 10.6de
167.2 ± 12.8c
193.4 ± 8.4b

61.3 ± 5.2a
21.4 ± 2.3c
24.6 ± 4.5c
37.5 ± 2.4b
42.1 ± 7.1b
38.9 ± 6.2b
47.3 ± 7.9ab
52.1 ± 4.8a

Note: DM: Diabetus mellitus; CAERS: crude alkaloid extract of R. stricta NPs: Nanoparticles; a,b Mean
values within column with unlike superscript letters were signiﬁcantly different (P ≤ 0.05).

4 Discussion
R. stricta is extensively utilized in public medicine for treatment wide range of diseases especially in
Arabian courtiers. Several studies have been used the extract of R. stricta to assess the toxicological and
pharmacological actions [36,37].
The present study revealed that CAERS and CAERS-NPs reduced signiﬁcantly the glucose levels in
diabetic rats after 2 months treatment compared to untreated DM-rats. Moreover, CAERS-NPs at the high
dose modulated the glucose levels in DM-rats nearly to the glucose levels in healthy control animals. In
same line, several studies indicated that R. stricta extracts decreased the levels of glucose levels in Balb-C
mice [38]. Moreover, Baeshin et al. [27], oral supplementation of alkaloids extracts of R. stricta reduced
the levels of glucose and improved signiﬁcantly the levels pf insulin in DM rats. The current ﬁndings
proved that the active compounds of R. stricta extracts have the ability to improve the beta cells function
existing in the pancreatic islets that synthesize insulin.
Our previous studies revealed that several alkaloids and ﬂavonoid and compounds are present and
isolated from R. stricta collected from different areas of Saudi Arabia [7,8]. These compounds could be
associated with beta cells function improvement in diabetic rats. This explanation is correlated with our
ﬁndings based on the expression analysis of insulin and insulin receptor mRNAs. The gene expression
analysis in the present study exhibited that DM-rats treated with CAERS (at medium and high doses) and
CAERS-NPs (at all three doses) increased the expression levels of the diabetes related genes in pancreatic
samples of DM-rats in comparison to those in untreated DM-animals. Furthermore, the expression levels
of diabetes related genes in pancreatic samples of DM-animals treated with CAERS-NPs (at the highest
dose) reached levels near to those in healthy control rats. In the same line, Baeshen et al. [39] reported
that oral supplementation of R. stricta leaves extracts increased the secretion levels of insulin and upregulated the expression of adiponectin related after 2 and 4 weeks of treatments. Our results also found
that the expression of insulin and insulin receptor is improved after 2 moth treatment of CAERS and
CAERS-NPs.
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The present work found that generation of ROS mediated DNA adducts and apoptosis in DM-rats was
signiﬁcantly higher than those in control rats. However, the generation of ROS rate, DNA adducts and
apoptosis rates in DM-rats treated with medium and high doses of CAERS and all doses of CAERS-NPs
were decreased compared with DM-rats without treatment.
There are reported data exhibited a link between ROS generation and diabetes progression as well as
elevation of oxidative stress. This link is considered as one of the common reasons inducing of beta-cells
disorder in the pancreas and consequently causing diabetes [40]. Moreover, Niedowicz et al. [41] reported
that the oxidative stress plays an important role in the elevation of complication and pathogenesis of
diabetes [42]. Therefore, using of antioxidants in the pathogenesis of diabetes is much recommended to
prohibit or at least minimize diabetes complications [43,44]. For that reason several plant extracts have
been widely investigated to discover its potential antioxidants to avoid or decreased the negative process
caused by exposure to oxidative stressors [45]. So, various natural compounds are proved to have
antioxidants activities such as trans-13-Octadecenoic acid [46], thioureas derivatives [47], 9-Octadecenoic
acid (Z)-, methyl ester [46], squalene [48], acetamide derivatives [49] and uleine [50] which are
mitigating the toxicity effects of the oxidative stress. Hence, R. stricta extracts occurred its possible
alleviative impact against DM through lowering the glucose levels in which this action might be
attributed to several phytoconstituents exist in the extract.
In the present study the R. stricta extract exhibited positive effects against diabetes in which it revealed
preventive impact against ROS generation, DNA adducts and apoptosis as well as improvement for
antioxidant enzymes. The activity levels of GPx and CAT increased signiﬁcantly in DM-rats treated
CAERS and CAERS-NPs in a dose-dependent manner. In the same line, Ali [51] reported that R. stricta
extract exhibited protective impact against hepatotoxicity induced by paracetamol exposure in rats. They
suggested that the improvement impact of R. stricta against paracetamol was attributed to increase the
activity of antioxidants enzymes such as superoxide dismutase (SOD) and glutathione activity.
The present study showed that nanoparticles form of R. stricta improved its effect against diabetes much
more than the powder form of the extract. The mechanism of naoparticles in improving the effect of R. stricta
was explained by Castillo-Henríquez et al. [52], who reported that nanoparticles of the plant improved the
ability of plant compounds to enter the cell membrane due to modiﬁcation of the chemical and physical
properties of the plant materials. So, plant nano-extract act to accelerate the diffusion and dissolution of
the extract and facilitating the plant compounds release.
5 Conclusion
This study found that CAERS and CAERS-NPs exhibited positive effects against diabetes in which it
revealed preventive impact against ROS generation, DNA adducts and apoptosis as well as improvement for
antioxidant enzymes. Moreover, R. stricta nanoparticles improved the anti-diabetic effect of the plant much
more than the powder form of the extract. The nanoparticles of the plant might be improved the ability of
plant compounds to penetrate the cell membrane due to modiﬁcation of the chemical and physical
properties of the plant materials which facilitating the plant compounds release into the target cells.
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