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1  Introduction
The chemical and physical methods are predominantly 

employed to build nanoparticles, through top-down（bulk 
material is broken down to nano size）or bottom-up（materi-
als are synthesized from atom level）approaches. However, 
the growing problem of carcinogenicity and environmental 
toxicity from nanoparticle synthesis has necessitated the 
need to find a most reliable and environmental-friendly al-
ternative technique. This was made possible by the green 
manufacturing process（green nanotechnology）which uses 
different raw materials from living organisms for the gener-
ation of nanomaterials1－3）. From the periodic table, several 
elements such as silver, gold, zinc, copper, titanium, 
cadmium, selenium, gadolinium, etc., are used for genera-
tion of nanoparticles. But the high cost and toxic nature of 
some metals has restricted its use in the synthesis process4, 5）. 
Selenium nanoparticles（Se-NPs）have gained interest 
because of low toxicity, high biocompatibility, biodegrad-
ability, and unique bioactivity properties, as well as for po-
tential use in nutritional supplements. Antimicrobial activi-
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ty of selenium has been spotted in a wide range of bacteria 
and fungi6, 7）. Selenium（Se）is a trace mineral that is requi-
site for human health. Recent research in selenoproteins 
has revealed a hitherto unsuspected role for this element. 
Selenium can be classified into organic and inorganic sele-
nium. The organic form is naturally present in bacteria, 
humans, and animals as selenocysteine（Sec）and selenome-
thionine while the inorganic form is found in plants as sele-
nite and selenate. Selenoproteins such as glutathione per-
oxidases（GPX）and thioredoxin reductases（TrxR）comprise 
a single secondary amino acid residue at their active site. 
Other selenoproteins such as selenoprotein-P（regulates in-
flammatory cytokines）and selenoprotein-S（inducer of ho-
meostasis）contain about 10 secondary residues. It has 
been shown to function in antioxidant, anti-inflammatory, 
thyroid regulation, wound healing, and male-fertility en-
hancement actions8）. 

For the past four decades, selenium has been deliberated 
to exert an anticancer potential（directly or indirectly）
through antioxidant activity that alters cellular redox ho-
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meostasis. Nonetheless, a plethora of research dedicated 
to understand the antitumor property of organic and inor-
ganic selenium unveiled the difference in the mechanism. 
Inorganic selenium has been shown to exhibit high geno-
toxic stress. On the other hand, organic selenium has been 
shown to exhibit significant antitumor property with the 
ability to avoid the dissemination of metastatic cancer. 
Diverse nucleophiles present in the organoselenium com-
pounds are demonstrated to improve the antitumor prop-
erty by enhancing the efficacy, specificity, and selectivity 
against cancer cells9, 10）. Apart from that, Se-NPs have been 
documented for antitumor property against breast, pros-
trate, colon, liver, ovarian, esophageal, and colorectal 
cancer cells10－12）. 

Acute pancreatitis（AP）is a gastrointestinal disease dis-
tinguished by inflammation in the pancreas. Symptoms 
include severe upper abdominal pain. The disease usually 
resolves within one week. However, mortality rate ranges 
from 20 to 40％ in moderate and severe AP patients. The 
common causes of AP are gallstone, alcohol abuse, endo-
scopic retrograde cholangiopancreatography（ERCP）, 
biliary disease, and hypertriglyceridaemia（HTG）. Increase 
in serum amylase/lipase, abdominal pain and imaging are 
the common diagnostic methods. Treatment options 
include antibiotic regimen, radiological, surgical, and endo-
scopic interventions. In the last two decades, the incidence 
of AP has increased more than 20％13, 14）. To enhance the 
treatment options of AP through nanotechnology, the 
present study was attempted to synthesize Se-NPs using 
plant extract and subsequently to evaluate the effect of 
Se-NPs in rat developed with pancreatitis as well as the 
functions of the pancreas.

The present study reports the synthesis of Se-NPs from 
C. forskohlii leaf extract. The generated Se-NPs were 
characterized through UV-visible, XRD, FTIR, other spec-
troscopic and microscopic techniques. Further, this study 
intended to examine the effect of synthesized Se-NPs on 
pancreatic function and AP in rat.

2  Materials and Methods
2.1  Reagents

The analytical grade reagents chemicals, assay kits, and 
Antibodies were purchased from Sigma-Aldrich, Shanghai. 

2.2  Plant collection and authentication
The plant material was collected, identified, and authen-

ticated by the expert.

2.3  Plant extract preparation
Leaves from C. forskohlii were collected, washed and 

dried. After shade drying, the leaves were finely crushed 
into powder using mortar and pestle. Around 20 g of leaf 

powder was weighed and dissolved in 200 mL sterile deion-
ized water and mixed through magnetic stirrer for 20 h at 
37℃. The mixture was filtered using Whatman filter paper
（grade 1）and the filtrate containing aqueous extract was 
collected and kept at 4℃ while the residual biomass was 
resuspended in fresh deionized water. The extraction 
process was repeated until the deionized water became 
colorless.

2.4  Synthesis and characterization of Se-NPs
The aqueous extract（100）mL was mixed with 50 mM 

selenous acid（H2SeO3, 40 mL）and stirred for 20 h at room 
temperature. The mixture was set apart and observed for 
color change. After intense color change the synthesized 
nanoparticles were characterized through spectroscopic 
and microscopic techniques. The reduction in selenium 
ions was measured thorough a UV-visible spectrophotome-
ter（SHIMADZU-1800）. The phase formation, crystalline 
size and purity of Se-NPs was recorded through D8 
ADVANCE X-ray diffractometer（XRD, Bruker）. The 
Fourier transform infrared spectroscopy（FTIR, Perki-
nElmer Spectrum 100）technique was utilized to analyze 
functional groups. Zeta potential and size of Se-NPs was 
examined through Zetasizer（Nano S90）. Morphological 
view of elemental selenium nanoparticles was detected 
through scanning electron microscope（SEM, VEGA 3）. 

2.5  In vitro cytotoxicity
2.5.1  Cell lines

Panc-1 and H6-C7 cell lines were obtained. Panc-1 cell 
line was grown in DMEM harboring FBS and antibiotic 
while H6-C7 cell line was maintained in keratinocyte 
medium（serum-free）. H6-C7 cells were additionally added 
with epidermal growth factor and bovine pituitary extract. 
Both the cell types were grown at 37℃/5％ CO2.
2.5.2  In vitro cytotoxicity assessment of Se-NPs

Cytotoxicity of Se-NPs was examined in both cancer
（Panc-1）and normal（H6-C7）pancreatic cell lines. In brief, 
1×104 cells were seeded in well plate and incubated at 
stated conditions for 24 h. Later the medium in the well 
plate was replenished with respective medium containing 
different concentrations of Se-NPs（10 to 80 μg/mL）at each 
well and grown for 48 h. Around 20 μL of MTT dye was 
added and kept apart for 4 h. The resulting insoluble 
formazan was collected, suspended in DMSO and the ab-
sorbance was gauged.

2.6  Acute pancreatitis studies
2.6.1  Animals 

The experiments in rats were performed after obtaining 
consent from Ethical committee（Central Hospital of 
Wuhan, Tongji Medical College, Huazhong University of 
Science and Technology）. Animal maintenance was fol-
lowed according to the recommendations outlined and ex-
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periments were conducted in accordance with good labora-
tory practice. Eight to nine weeks old male albino rats 
weighing 180±20 g was obtained. The rats were accus-
tomed to standard laboratory conditions（12 h light/dark 
cycle; temperature: 25±2; humidity: 50±2）and fed with 
necessary food and water. 
2.6.2  Animal experiments

Rats were separated into six groups. Group1 is vehicle 
control in which rats receive distilled water. Group2 and 
Group3 rats received only 50 and 100 mg/kg Se-NPs, re-
spectively. Doses of Se-NPs were administered orally. 
Group4 is AP in which the animals received L-arginine, 
prepared in distilled water. L-Arginine（2.5 g/kg）is used to 
induce AP in rat15）and it was injected twice intraperitone-
ally（with 1 h interval）. Group5 and Group6 rats were 
treated with 50 and 100 mg/kg Se-NPs. The animals were 
orally administered with Se-NPs for 10 successive days, 1 h 
before L-Arginine injection. The rats were observed rou-
tinely during the experiment. Average food intake and 
weight were monitored weekly. 
2.6.3  Serum collection and biochemical analysis

On the last day, animals were anaesthetized and decapi-
tated. Blood samples were collected from each experimen-
tal group. Serum was gathered from blood samples and 
evaluated for amylase, lipase, and glucose content through 
colorimetric assays whereas insulin and interlukin-1β
（IL-1β）content was estimated through kits. Evaluation of 
homeostasis model analysis（HOMA）of β-cell was carried 
out as described16）.

2.7  Statistics
Experiments were performed in triplicates. Error bars 

are denoted as mean±SD. One-way ANOVA was employed 
to analyze the data. P＜0.05 is considered statistically sig-
nificant.

3  Results and Discussion
3.1  Se-NPs fabrication and characterization

In this work, Se-NPs were successfully fabricated using 
the C. forskohlii leaf extract as reducing and stabilizing 
agent. The change of color of reaction solution to red after 
20 h incubation period suggested the synthesis of nanopar-
ticles. The obtained result was substantiated through ab-
sorption spectrum of UV-visible spectrophotometer in 
which the surface plasmon resonance peak（SPR）was ob-
served at 262 nm（Fig. 1）. Few studies have described the 
Se-NPs synthesis by utilizing other reducing agents 
through natural methods. For instance, Se-NPs synthesis 
with the leaf extract of Withania somnifera displayed the 
SPR peak at 320 nm17）. Another study relating to the 
Se-NPs green synthesis with the garlic clove extract from18）

revealed the SPR peak at 260 nm. Likewise, Se-NPs gener-

ated from Ceropegia bulbosa tuber aqueous extract 
showed SPR at 277.5 nm19）.

The crystallinity of fabricated Se-NPs was examined 
through XRD. The spectrum resulting from XRD is provid-
ed in Fig. 2. The diffractions peaks（2θ）were observed cor-
respond to the standard values of JCPDS（card number 06-
0362）. Nonetheless, new peaks emerged at other regions 
could be due to the occurrence of bioactive constituents 
from C. forskohlii leaf extract20－22）. Altogether, the result 
suggests the crystallinity of fabricated Se-NPs and more-
over it was in congruent with reports from previous studies 
describing the Se-NPs synthesis19, 20）.

Further, to know the functional groups that could be at-
tributed to the reduction and stabilization process during 
the synthesis of nanoparticles, FTIR spectrum was record-
ed for both leaf extract and Se-NPs synthesized from the 
leaf extract. FTIR spectra revealed the bond stretching at 
various positions between 4000 and 500 cm－1（Fig. 3）, indi-
cating the occurrence of abundant functional groups in 
bioactive constituents, which can be accountable for reduc-
tion and stabilization of the generated nanomaterials. 
Diverse bioactive molecules from phytoconstituents have 

Fig. 1　UV-visible spectrum of Se-NPs.

Fig. 2　XRD spectrum of Se-NPs.
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been reported to serve as capping and stabilizing vehicles 
during the nanomaterial synthesis23）. Here, the absorption 
peak at 2867 cm－1 and 1600 cm－1 relates to C‒H（alkynes）, 
and C＝O（aldehydes, alkanes）stretch, respectively. Simi-
larly, the spectra around 1500 and 1418 cm－1 relate to the 
N‒O（nitro compounds）and C‒C（aromatics）, stretch re-
spectively. Formation of peak at 1348 cm－1 attribute to C‒
H（alkanes）stretching. 1128 cm－1 peak relate to C‒N
（amine）stretch; 2851 and 3368 cm－1 relates to C–H and 
N–H stretch, respectively. 

Particle size and surface charge are indispensable char-
acters of nanoparticles. In fact, zeta potential is an effective 
quantification of surface electric charge and it provide in-
formation regarding stability of nanomaterial. Thus, DLS 
and zeta potential quantification was performed using 
Zetasizer. The zeta potential of Se-NPs synthesized from C. 
forskohlii. leaf extract was found to be －32.8 mV, a mag-
nitude lower than the previous reports. It indicates the 
highly negatively charged surface of fabricated Se-NPs. 
Here, higher zeta potential magnitude might be due to 
capping of negatively charged bioactive molecules, present 
in the leaf extract, over the surface of Se-NPs. In general, 
nanoparticles with higher zeta potential values displayed 

greater stability by allowing the molecule to exist in disper-
sion form. As a result of increased electrostatic repulsion, 
it prevents the nanoparticles from forming aggregation. 
DLS studies unveiled the size of fabricated Se-NPs particles 
in the nano range（10-15 nm）with a polydispersity index
（PDI）of 0.18（Fig. 4）. PDI describes the distribution of 
nanoparticles in the solution based on the size. Several 
studies were reporting zeta potential magnitudes in the 
range of ＋25 mV to －25 mV with different particle size 
and PDI（less than 0.7）. A study on biogenic synthesis of 
Se-NPs from the Emblica officinalis fruit extract resulted 
in the zeta potential value of －32 mV with size ranges of 
20 to 60 nm and PDI less than 0.224）. Likewise, a study 
from25）described the zeta potential of Se-NPs synthesized 
from Ephedra aphylla extract as －5.61 mV. Synthesis of 
Se-NPs from hawthorn fruit extract displayed －24.5 mV 
zeta potential with a size of 113 nm26）. Remarkably, Menon 
et al. have shown a higher zeta potential of －36 mV with a 
size of 100 to 120 nm during the synthesis of Se-NPs from 
ginger extract27）. Strikingly, biogenic synthesis of Se-NP 
from citrus fruit exhibited lower PDI value（0.127）, indicat-
ing the monodispersed sized particles28）.

The SEM images of Se-NPs synthesized from C. for-

Fig. 3　FTIR spectrum of Se-NPs.

Fig. 4　Zeta potential（A）and DLS analysis（B）for prepared Se-NPs.
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skohlii leaf extract displayed a size from 5 nm to 12 nm 
with an average size of 10 nm（Fig. 5）. The nanoparticles 
displayed a spherical shape. Se-NPs generated from the 
Clausena dentata leaf extract exhibited spherical shape 
with 46 nm to 79 nm size29）. Whereas, Vennila et al., have 
shown rod-shaped Se-NPs with a size of 120±15 nm, syn-
thesized using Spermacoce hispida plant extract30）.

3.2  In vitro cytotoxicity analysis 
Figure 6 represents the in vitro toxicity of Se-NPs syn-

thesized from C. forskohlii. leaf extract. Concentration-
dependent antiproliferative activity was noticed. The cyto-
toxicity of Se-NPs evaluated on both cancer and normal 
pancreatic cells unveiled the toxic effect at higher concen-
trations. However, normal cells exhibited lower cytotoxicity 
when compared to the cancer cells at respective concen-
trations. The IC50 of Se-NPs against pancreatic cancer cell 
was 40 μg/mL while IC50 of Se-NPs against normal pancre-
atic cell lines was around 70 μg/mL. Similar results were 
observed in toxicity analysis of Se-NPs against normal and 
breast cancer cell lines in which cytotoxic effect was higher 
in cancer cell when compared to normal cells19）.

3.3  Effect of AP with and without Se-NPs 
The effect of AP in the presence（50 and 100 mg/kg）and 

absence of Se-NPs on rats were studied and provided in 
Table 1. The intensities of lipase, amylase and IL-1β were 

pointedly higher in all rat groups in comparison to group1 
control rats. However, rats provided with Se-NP（group2 
and 3）and treated with Se-NPs（group 5 and 6）showed 
reduced lipase, amylase and IL-1β level when compared to 
group4 rats which received only L-Arginine. The increased 
lipase, amylase and IL-1β level indicates the characteristic 
evidence of AP in group4 rats31, 32）. Strikingly, oral adminis-
tration of 100 mg/kg expressively reduced the serum 
lipase, amylase as well as the IL-1β quantities, but consid-
erably higher than group1 control, when compared to rats 
administered with 50 mg/kg Se-NPs. 

Similarly, the effect of AP on glucose, insulin and 
HOMA-β in the presence（50 and 100 mg/kg）and absence 
of Se-NPs were studied. The rats from group4 showed de-
creased glucose, insulin and HOMA-β levels, indicating the 
progression of AP in rats33）. On the other hand, rats treated 
with Se-NPs showed a marked increase in the glucose, 
insulin and HOMA-β levels. Among the two concentrations 
examined, 100 mg/kg showed a prominent increase in 
glucose, insulin and HOMA-β in comparison to 50 mg/kg. 
However, the increase in Se-NPs subjected rat groups were 
considerably lesser than control group.

An evaluation of MDA, NO, and Bcl-2 in AP rats showed 
abrupt increase in MDA, NO, and Bcl-2 levels in compari-
son to control group34－36）. Strikingly, rats treated with 
Se-NPs exhibited decreased MDA, NO, and Bcl-2 levels. In-
terestingly, rats treated with 100 mg/kg Se-NPs displayed 

Fig. 5　Morphological view of Se-NPs on SEM.

Fig. 6　Effect of Se-NPs on cell proliferation of normal and cancer pancreatic cell lines. Error bars represent mean±SD. 
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dropped MDA, NO, and Bcl-2 which is almost equal to 
control levels. Examination on antioxidant potential in AP 
groups revealed the decrease in antioxidant activity due to 
oxidative stress than control rats. However, the levels have 
been significantly enhanced in the presence of Se-NPs. Al-
though not equal to the control group, the significant in-
crease in antioxidant potential is evidenced in comparison 
with AP rats. 

No significant difference was observed in control
（group1）and Se-NPs fed（group 2 and 3）rats except in the 
antioxidant potential. The rats fed with Se-NPs showed 
moderate increase in the antioxidant potential when com-
pared to normal control rats37）. Altogether, these results 
suggest that Se-NPs at tested concentration were safe and 
non-toxic as well as have significant activity against AP. 

4  Conclusions
Altogether, the study reports the synthesis of Se-NPs 

from C. forskohlii leaf extract. The generated Se-NPs were 
depicted through UV-visible, XRD and FTIR spectrosco-
pies. Interestingly, the zeta potential of fabricated Se-NPs 
was found to be －32.8 mV, indicating the highly negatively 
charged surface of the nanoparticles. Moreover, the lower 
PDI value indicated the monodispersed sized particles. The 
investigation on effect of Se-NPs in pancreatic function and 
AP in rat unveiled the normal function of pancreas and sig-
nificant recovery from AP, respectively. The synthesized 
Se-NPs decreased the lipase, amylase, IL-1β, MDA, NO, 
and Bcl-2 while increased the glucose, insulin, HOMA-β. In 
addition, it enhanced the antioxidant potential in AP rats. 
Evaluation of Se-NPs on pancreatic function did not show 
any deleterious effect on rats. Thus, Se-NPs may find a way 
to become potential remedy for AP in future.
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