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Abstract
A large number of people are suffering globally from diabetes due to metabolic disorders characterized by abnormally high 
blood sugar (glucose), which inflicts severe health issues as well as huge economic burdens. In this study, we have reported 
an efficient and eco-friendly biosynthesis of hydrophilic zinc oxide nanoparticles (ZnO NPs, labeled as PC1 and C1) for 
antidiabetic treatment using an aqueous extract of Plumeria obtusa and Tabernaemontana divaricata flowers, respectively. 
Phase purity, structure, morphology, and dispersibility of the as-synthesized PC1/C1 have been characterized by various 
analytical techniques such as UV–visible spectroscopy (UV–vis), Powder X-ray diffraction (PXRD), Fourier transform 
infrared spectroscopy (FTIR), thermogravimetric analysis (TGA), scanning electron microscopy (SEM), and dynamic light 
scattering (DLS). The UV–vis spectrum of the PC1/C1 showed maximum absorbance at ~ 370 nm and the PXRD pattern 
confirmed their hexagonal wurtzite crystalline structure. Besides, SEM displayed sheet and honeycomb-like shape of the 
PC1 and C1 while FTIR and TGA revealed the attached surface coatings of the PC1/C1. DLS results showed narrow size 
distribution of the PC1 and C1 in the range of 150–156 and 315–400 nm, respectively. Moreover, the zeta potential values 
of the as-prepared PC1 and C1 are determined as -47 and -57 mV indicating their good colloidal stability in an aqueous 
suspension. In vitro study has been performed to show the α-amylase inhibition activity. Furthermore, the PC1/C1 are inves-
tigated for their antidiabetic efficacy in streptozotocin (STZ)-induced diabetes in the C57BL/6 male mice. Both the PC1/C1 
displayed a significant antidiabetic potential; however, the blood glucose level has been significantly reduced (p < 0.05) in 
the STZ-induced diabetic mice treated with PC1 as compared to the C1. Overall, PC1 and C1 are found to be very promising 
antidiabetic candidates for the in vivo antidiabetic treatment.
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Introduction

Diabetes mellitus is one of the severe chronic diseases, 
which needs urgent attention as the number of growing 
incidence and prevalence of this ailment such as coronary 
artery disease, heart failure, and stroke have been gradually 
increasing over the past few decades (Maritim et al. 2003). 
It is a state of metabolic disorders of carbohydrate metabo-
lism associated with high morbidity and mortality. This syn-
drome usually occurs due to long-term micro/macrovascular 
complications (such as diabetic nephropathy, diabetic foot, 
diabetic neuropathy, cardiovascular diseases, and diabetic 
retinopathy) producing deficiency of insulin hormone that 
regulates blood sugar/glucose levels (type 1 diabetes) or 
resistance of cells to insulin (type 2 diabetes) (Barik et al. 
2008; Modilal and Daisy 2011). Apart from these problems, 
an increase in oxidative stress and a decrease in serum anti-
oxidant enzymes such as PON-1 are thought-about common 
pathogenic factors of diabetogenic complications (Hussein 
et al. 2018). Moreover, it is considered that oxidative stress 

leads to severe oxidative damage to the various cell orga-
nelles like DNA (Qasim et al. 2016). Furthermore, some 
studies suggest the crucial role of oxidative stress in dia-
betes, insulin resistance, and atherosclerosis (deposition 
of fats, cholesterol on arteries inner walls) (Pennathur and 
Heinecke 2007).

Despite the availability of several traditional drugs, it is 
still a challenge to employ them for antidiabetic treatment 
because of their number of adverse effects (Hamilton. 2012). 
Hence, there is increased demand for natural products hav-
ing antidiabetic activity due to their no or lesser side effects, 
low cost, and effectiveness (Carlson and Steven 1997; Atta-
Ur-Rahman et al. 1989; Grover et al. 2002; Rathod et al. 
2008; Akhtar et al. 2007). Moreover, according to the WHO, 
the medicinal plants/herbs have huge potential for diabetes 
treatment due to the presence of the enormous number of 
biologically active compounds such as terpenoids, alkaloids, 
proteins, vitamins, polysaccharides, phenolics, tannins, and 
saponins respectively (Malviya et al. 2010). Thus, extracts of 
various parts of the plants are exploited as both reducing and 
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stabilizing/capping agents for the green synthesis of metal-
lic nanoparticles to investigate their antidiabetic activity 
(Saratale et al. 2018).

Currently, numerous studies have been performed using 
diverse biosynthesized metal/metal oxide nanoparticles to 
show their antidiabetic activity via the α-amylase inhibition 
effect. For example, the researchers have synthesized iron 
oxide  (Fe3O4) nanoparticles using fruit extracts of Annona 
muricata to show their potential antidiabetic effect (Athi-
than et al. 2020). Similarly, nickel oxide nanoparticles using 
Areca catechu leaf extract have synthesized and found to 
exhibit significant antidiabetic activity (Shwetha et al. 2021). 
Besides, copper oxide nanoparticles (CuO NPs) are biosyn-
thesized using the leaf extracts of Plectranthus amboinicus, 
and 94% α-amylase inhibition has been displayed at 500 μg/
mL of CuO NPs (Velsankar et al. 2020). In addition, the  IC50 
value has also been reported at 317.19 μg/mL of CuO NPs. 
Moreover, silver oxide nanoparticles  (Ag2O NPs) are pre-
pared using flower extract of Zephyranthes Rosea to exhibit 
75.7% antidiabetic activity at 500 µg/mL of  Ag2O NPs using 
the α-amylase activity method (Maheshwaran et al. 2020). 
Likewise, silver nanoparticles (Ag NPs) are biosynthesized 
using the aqueous leaf extract of Lonicera japonica to dem-
onstrate their antidiabetic activity against the carbohydrate 
digestive enzymes (Balan et al. 2016). In this study,  IC50 
values have been revealed at 54.56 and 37.86 µg/mL of Ag 
NPs due to the reticence of α-amylase and α-glucosidase, 
respectively.

Further, zinc is an essential metal in many metabolic pro-
cesses and plays a key role in glucose utilization/metabolism 
besides improving insulin biosynthesis, storage, signaling, 
and secretion (Jansen et al. 2009). Several plant extract-
mediated biosynthesis of zinc oxide (ZnO NPs) have been 
reported to demonstrate their enormous potential in antidia-
betic applications (Nilavukkarasi et al. 2020; Jayarambabu 
et al. 2021; Muhammad et al. 2019; Kitture et al. 2015; Bay-
rami et al. 2018, 2020; Bala et al. 2015; Sati et al. 2020). 
For instance, Bayrami et al. studied the antidiabetic effect of 
biosynthesized ZnO NPs using the Vaccinium arctostaphy-
los L. leaf extract and displayed better efficacy on alloxan 
diabetic rats as compared to chemically synthesized ZnO 
NPs (Bayrami et al. 2019). There are several studies reported 
in the literature which highlighted the importance of zinc in 
maintaining the glucose homeostasis in mammals. Most of 
the zinc is present in the pancreatic β cells and concentrated 
in the dense core of insulin secreting granules (ISG). Zinc 
acted on insulin signalling pathway and increases hepatic 
glycogenesis (formation of glycogen). In this way, it inhibits 
the absorption of glucose by intestine and glucose uptake 
increases in adipose tissues and skeletal muscles (Jansen 
et al. 2009). Also, zinc inhibits the glucagon secretion by 
paracrine effect on α cells (Egefjord et al. 2010). Thereby, 
zinc minimizing gluconeogenesis (formation of glucose) 

and glycogenolysis (breaking of glycogen into glucose) pro-
cesses, ultimately maintain the structural unity of insulin 
(Sun et al. 2009).

Uyoyo et al. also studied the effect of zinc in alloxan-
induced diabetes in rats and postulated that zinc exhibited 
insulin like functions (Uyoyo et al. 2010). The authors also 
concluded that intake of zinc promotes glucose uptake and 
maintain hepatic functions in diabetes condition. Further-
more, Plumeria obtusa (known as Champa or Chafa) flow-
ers contain various phenolic compounds that can exhibit 
anti-inflammatory, antipyretic, anthelmintic, antioxidant, 
antitumor, antiulcer, and analgesic properties (Kaisoon 
et al. 2011; Saleem et al. 2011; Shinde et al. 2014). Hence, 
Plumeria obtusa flowers are commonly used for the treat-
ment of diabetes mellitus (Semenya et al. 2012; Lim 2012). 
Additionally, Tabernaemontana divaricata (known as cha-
meli) flowers have been revealed as an anti-cancer agent 
(Sivaraj et al. 2014). However, the antidiabetic effects of 
the Plumeria obtusa and Tabernaemontana divaricata com-
bined with ZnO NPs are not explored yet. Hence, in this 
work, ZnO NPs have been biosynthesized using the flower 
extracts of Plumeria obtusa (PC1) and Tabernaemontana 
divaricata (C1) to investigate their antidiabetic efficacy in 
streptozotocin (STZ)-induced diabetic mice.

Experimental

Materials

Zinc sulfate heptahydrate  (ZnSO4.7H2O), α-amylase and 
sodium hydroxide (NaOH) are procured from Central Drug 
House (P) Ltd-CDH, India. DNSA (dinitrosalicylic acid) 
is procured from Loba Chemie Pvt. Ltd. Streptozotocin is 
obtained from Sigma Chemical Co. Ltd. UK. All the chemi-
cals and reagents in the current study are of analytical rea-
gent (A.R) grade and utilized with no additional purification.

Collection of plant flowers

Fresh and blossomed flowers of Plumeria obtusa (white 
Firangipani) and Tabernaemontana divaricata (Chameli) 
are collected from the garden of Miranda House, University 
of Delhi.

Preparation of 25% of aqueous flower extract 
of Plumeria obtusa and Tabernaemontana divaricata

Firstly, the Plumeria obtusa (white Frangipani) flowers are 
washed using double distilled water. These washed flow-
ers are dried at room temperature for 30 min. 5 g of dried 
flowers are weighed and taken in a beaker already having 
20 mL of double-distilled water. Then, the beaker is kept 
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on a hot plate magnetic stirrer at 40º C for 30 min. The 
freshly prepared Plumeria obtusa flower extract is filtered 
using Whatman filter paper number 1. A similar procedure is 
followed to prepare the aqueous extract of Tabernaemontana 
divaricata (Chameli) flower.

Biosynthesis of ZnO NPs

ZnO NPs are synthesized via green synthesis approach using 
the aqueous flower extracts of (1) Plumeria obtusa (ii) Tab-
ernaemontana divaricata. An aqueous solution of 0.2 M 
pure zinc sulfate heptahydrate  (ZnSO4.7H2O) is taken in a 
50 ml beaker. Then, 50 mL of aqueous sodium hydroxide 
(NaOH) (2 M) and 1 mL freshly prepared flower extract 
of Plumeria obtusa are simultaneously added to this beaker 
containing zinc precursor solution with magnetic stirring 
(400 rpm) at 40 °C for 2 h. The resultant ZnO NPs (labelled 
as PC1) are centrifuged followed by washing with dilute 
alcohol and then dried at 80 °C in a hot air oven for 4 h. 
Similarly, the above procedure is followed for the synthesis 
of ZnO NPs (labelled as C1) with 1 ml freshly prepared 
flower extract of Tabernaemontana divaricata.

Characterization of ZnO NPs

The UV–Visible absorption spectrum of the as-prepared 
ZnO NPs (PC1/C1) is recorded using a UV–visible spectro-
photometer (Spectromax M2e). The morphology of PC1/
C1 is investigated using a field emission scanning electron 
microscope (FESEM) (JEOL Japan Model: JSM 6610LV) 
at an accelerating voltage of 30 kV. The elemental compo-
sition is measured through inbuilt energy-dispersive X-ray 
spectroscopy (EDS). The crystal structure and phase purity 
of PC1/C1 are determined by a powder X-ray diffractom-
eter (PXRD, D8 Discover, Bruker) equipped with Cu Kα 
radiation (λ = 0.15406 nm) as X-ray source, with 2θ value 
in a range of 20°–80°. Surface coatings/functional groups 
attached to the ZnO NPs are identified using the FTIR spec-
tra 55-Spectrometer (Bruker, USA) instrument. Moreover, 
the amount of surface coatings in PC1/C1 is determined by 
thermogravimetric analysis (TGA, Mettler Toledo) in the 
temperature range of 25–1000 °C at a rate of 20 °C/min 
under nitrogen atmosphere. Moreover, the hydrodynamic 
sizes and zeta potential values of PC1/C1 dispersed in an 
aqueous medium are recorded using the dynamic light scat-
tering (DLS, Horiba Nano ZS) technique.

In vivo antidiabetic activity

In this current study, the antidiabetic activity of the biosyn-
thesized ZnO NPs (PC1 and C1) has been studied.

Experimental animals

C57BL/6 male mice weighing ~ 25 g, 8–12 weeks old, are 
taken from an inbred colony from an experimental animal 
facility maintained under a 12-h light/12-h dark cycle, 
temperature 22 ± 1  °C, with ad  libitum food and water. 
Animals are acclimatized to the laboratory conditions for 
1 week prior to the study. The research is conducted with 
the approval of the institute’s animal ethics committee. The 
abovementioned particular age is chosen to decrease the 
streptozotocin sensitivity. The effect of streptozotocin dose 
has been studied on the different age groups of rats (Masiello 
et al. 1979). Herein, higher sensitivity has been investigated 
in very young rats.

Experimental design and diabetes induction

The diabetic model is prepared using the procedure with 
slight modification as described previously by the research-
ers. (Alkaladi et al. 2014). Briefly, food pellets are removed 
from the cage 4 h prior to the experiment (Day 1). Strep-
tozotocin (STZ, an antibiotic isolated from streptomyces 
achromogenes in 1960) is dissolved immediately before the 
experiment in sodium citrate buffer (50 mM) to a final con-
centration of 4 mg/ml. STZ (40 mg/kg) is injected intraperi-
toneally using a 25-gauge, 1 mL syringe. An equal amount 
of citrate buffer (pH = 4.5) is injected into the control group. 
Mice are returned to home cages and provided with 10% 
sucrose water. The process is repeated for the next 4 con-
secutive days. On day 6, 10% sucrose is replaced with nor-
mal water. On day 14, blood glucose levels are checked for 
hyperglycemic conditions in STZ-treated mice. The blood 
sample is taken from the tail vein of the mice. After that the 
glucose in the blood sample is analyzed using a One Torch 
Basic blood glucose monitoring system to ensure hypergly-
cemia in STZ treated mice group.

Out of 26, 18 animals are found to have blood glucose 
levels higher than 150 mg/dL. Hyperglycemic animals are 
carried further for testing the antidiabetic effect of the drug.

Groups are divided as follows: Group I (Control mice), 
Group II (STZ treated), Group III (STZ + PC1, 10 mg/kg), 
and Group IV (STZ + C1, 10 mg/kg), N = 6 each group. Mice 
have received drugs orally once daily for seven days. At the 
end of the experiment, blood glucose levels are measured 
in all groups.

Statistical analysis

Data are analyzed using one-way analysis of variance 
(ANOVA using Graphpad prism 8 software), followed by 
Dunnett’s post hoc analysis and represented as mean ± SEM. 
Difference between groups is considered significant at 
p < 0.05.
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In vitro α‑amylase inhibitory assay

The α-amylase inhibitory activity of the green synthesized 
ZnO nanoparticles (PC1 and C1) was carried out using the 
standard protocol with slight modifications. (Kazeem et al. 
2013).

Briefly, 50 µL of the α-amylase solution was mixed with 
different concentrations (100–500 µg/mL) of green synthe-
sized ZnO nanoparticles (PC1 and C1), acarbose (a drug used 
as such) as standard and a control (without standard/test sam-
ples) in a 96 well microtiter plate. Then after 10 min, 50 µL 
of the starch solution was added to each well. The well plate 
was incubated at 37 °C for 30 min. Subsequently, 100 µL of 
dinitrosalicylic acid (DNSA) was added to each well. After 
that, the well plate was incubated at 90 °C for 10 min and then 
cooled. Finally, the absorbance was measured at 540 nm using 
a Spectromax M2e spectrophotometer. Using the following 
equation, % inhibition of α-amylase activity was calculated.

% Inhibition =
([

Abs(control) − Abs (sample)
]

∕[Abs (control)]
)

× 100

Results and discussions

UV–Visible spectroscopic analysis

UV–visible (UV–vis) analysis has been conducted to con-
firm the formation of green synthesized ZnO nanoparticles 
using the flower extract of Plumeria obtusa (PC1) and Tab-
ernaemontana divaricata (C1). Figures 1a and 2a show the 
UV–vis spectra of the biosynthesized PC1 and C1 while 
recorded in the range of 200–800 nm at room temperature.

The sharp peak obtained, respectively, at 369.74 and 
370 nm in Fig. 1a and 2a confirm the formation of ZnO 
nanoparticles for both the case of PC1 and C1 synthesis. The 
obtained value of absorption maximum wavelength matches 
well with the value reported by many authors. (Jayappa et al. 
2020; El-Belely et al. 2021). A similar value has been also 
obtained by Saeed et al. where ZnO NPs are synthesized 
using the Achyranthes aspera leaf extract (Saeed et al. 2021). 
Moreover, the UV–vis spectra have been recorded for the 
only flower extract of Plumeria obtusa and Tabernaemon-
tana divaricata as shown in the insets of Figs. 1a and 2a, 
respectively.

Figures 1b and 2b depict the corresponding tauc plot 
determined from the UV–visible spectroscopic data. By 
using the following Eq. (1), the value of the energy bandgap 

Fig. 1  (A) UV–Visible absorp-
tion spectra of biosynthesized 
ZnO NPs using Plumeria 
obtusa (PC1) and extract of 
Plumeria obtusa flowers (inset) 
and (B) Tauc plot (αhν)2 vs hν 
(eV) of PC1

Fig. 2  (A) UV–Visible absorp-
tion spectra of biosynthesized 
ZnO NPs using Tabernaemon-
tana divaricata (C1) and extract 
of Tabernaemontana divaricata 
flowers and (B) Tauc plot (αhν)2 
vs hν (eV) of C1
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(Eg) is found to be 2.87 and 2.79 eV for the PC1 and C1, 
respectively, where A is a constant, α is the absorption coef-
ficient, Eg is the band gap energy and hν is the photon energy 
in the Eq. 1.

FTIR analysis

FTIR spectrum has been recorded in the range of 
4000–400  cm−1 to investigate the presence of functional 
groups attached to the as-synthesized ZnO NPs (PC1 and 
C1) and also in the only extract of the Plumeria Obtusa and 
Tabernaemontana divaricata flowers. Figure 3a shows the 
FTIR spectrum of the PC1 and the extract of the Plumeria 
Obtusa flowers. The FTIR spectrum of Plumeria Obtusa 
flower extract exhibited bands at 3363.24, 2923.55, 2854.13, 
2082.74, 1743.33, 1635.34, 1157.08, and 995.08  cm−1 due 
to the presence of a large number of biomolecules like 
polyphenols and flavonoids. Similarly, the spectrum of 
the PC1 showed the bands at 3375.29, 1641.12,1507.09, 
1390.42, 1105.01, 966.16, and 799.34  cm−1 corresponding 
to -OH stretching vibration of phenol and water molecules, 
–C=C– stretching vibrations of aromatic compounds, –C=C 
vibrations of alkyl ethers, –COO stretching vibration and 
-C-O stretched aromatic and aliphatic amines, respectively 
(Govindan et al. 2020).

Figure 3b depicts the FTIR spectrum of the as-synthe-
sized ZnO NPs (C1) and also in the extract of the Taber-
naemontana divaricata flowers. The FTIR spectrum of 
Tabernaemontana divaricata flower extract shows bands 
at 3316.96 and 1637.26  cm−1 due to the presence of –OH 
stretching vibration of phenolic groups and stretching vibra-
tion of –C =C– bonds of aromatic compounds, respectively. 
Similarly, the spectrum of the C1 showed the bands at 
3336.24, 1631.48, 1097.29, 968.09, and 796.45  cm−1 cor-
responding to -OH stretching vibration of phenolic groups, 
-C=C- stretching vibration of alkyl ethers, -C-O stretch of 

(1)(�h�)2 = A
(

h� − Eg

)1∕2

ether, -carboxylic acid group and -C-N stretching vibra-
tions of amines, respectively (Happy et al. 2019; Sendhil 
et al. 2021). Furthermore, the bands observed in the range 
of 500–700  cm−1 are associated with the presence of Zn–O 
bonds.

Thus, FTIR spectra (Fig. 3a and b) confirmed that the sur-
face of the as-synthesized ZnO NPs (PC1/C1) are attached 
with coatings of the biomolecules from the extracts of 
Plumeria Obtusa and Tabernaemontana divaricata flowers. 
Additionally, it indicates that the flower extract coatings (of 
PC1 and C1) contain both carboxylate and hydroxyl func-
tionality, which not only capped the ZnO nanoparticles but 
is also available for further bio-conjugation at their surface 
periphery.

Powder X‑Ray Diffraction (PXRD) analysis

Figure 4 depicts the PXRD pattern of the as-synthesized 
ZnO NPs (PC1 and C1). The major peaks have been 
observed at the 2θ values of 31.8°, 34.4°, 36.2°, 47.6°, 56.6°, 
62.9°, 66.4°, 68.0°, 69.1° for PC1 and at 2θ values of 31.7°, 
34.4°, 36.2°, 47.5°, 56.5°, 62.8°, 66.3°, 67.9°, 69.0° for C1, 
respectively, corresponding to the hkl planes (100), (002), 
(101), (102), (110), (103), (200), (112), (201), (004) and 
(202). Thus, the 2θ values and corresponding (hkl) planes 

Fig. 3  (A) FTIR spectrum of 
biosynthesized ZnO NPs using 
Plumeria obtusa (PC1) and 
extract of Plumeria obtusa flow-
ers and (B) FTIR spectrum of 
biosynthesized ZnO NPs using 
Tabernaemontana divaricata 
(C1) and only extract of Taber-
naemontana divaricata flowers

Fig. 4  Powder X-ray diffraction pattern as-prepared ZnO NPs using 
the flower extracts of Plumeria obtusa (PC1) and Tabernaemontana 
divaricata (C1)
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in the PXRD pattern confirm the hexagonal wurtzite poly-
crystalline structure of the PC1/C1. Moreover, the observed 
PXRD spectra match well with the diffraction pattern 
reported in the literature. (Abdelkhalek and Al-Askar 2020). 
The more intense and sharp peaks show that as-synthesized 
ZnO NPs are highly crystalline in nature. Furthermore, the 
phase purity of the PC1 and C1 is confirmed due to the 
absence of any peak related to the impurities.

SEM and EDS analysis

Figures 5 and 6 show the SEM images of the as-synthesized 
ZnO NPs synthesized using flower extract of Plumeria 
obtusa and Tabernaemontana divaricata, respectively. It can 
be seen that the SEM micrographs have revealed the stacked 
thin nanosheets and honeycomb-like structures of the PC1 
and C1, respectively. The similar morphology of the ZnO 
NPs has also reported by various authors. (Kakiuchi et al. 
2006; Ardakani and Rafieipour 2018). Tables 1 and 2 show 
the EDS analysis of the as-prepared ZnO nanoparticles.

TGA and zeta potential analysis

Figure 7a and b show the TGA and zeta potential plots 
of the ZnO NPs synthesized using the flower extracts 
of Plumeria obtusa (PC1) and Tabernaemontana divari-
cata (C1), respectively. TGA plots showed three stages 
of weight losses of the samples with the temperature 
as shown in Fig. 7a. The initial weight loss in the tem-
perature range between 25–250 °C is attributed to the 

Fig. 5  SEM Spectra for bio-
synthesized ZnO NPs using 
Plumeria obtusa (PC1)

Fig. 6  SEM Spectra for biosyn-
thesized ZnO NPs using Taber-
naemontana divaricata (C1)

Table 1  Energy Dispersive Spectroscopy (EDS) analysis of as-syn-
thesized ZnO NPs (PC1)

Element Weight % Atomic % Net Int Error %

O K 31.74 65.51 314.96 4.03
Zn K 68.26 34.49 52.41 7.68

Table 2  Energy Dispersive Spectroscopy (EDS) analysis of as-syn-
thesized ZnO NPs (C1)

Element Weight % Atomic % Net Int Error %

OK 36.10 69.78 73.37 5.03
Zn K 63.90 30.22 9.79 15.90
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evaporation of physically adsorbed (loosely bound) water 
molecules. The second weight loss in the temperature 
range between 250 and 780 °C is associated with the 
chemically adsorbed (strongly bound) organic surface 
coating attached to the surface of ZnO NPs. Moreover, 
the weight loss occurred very slowly suggesting the poly-
meric nature of the plant extract and significant interac-
tions between the coating and the NPs. The final weight 
loss in the range between ~ 790 and 1000 °C is due to the 
complete decomposition of the organic coating from the 
surface of the NPs. The total weight loss is observed as 
25% in the case of PC1 and 28% in the case of C1. It is 
reported that the bare ZnO NPs decompose only 4–5% in 
the temperature range 25–1000 °C (Chunduri et al. 2017). 
This indicates a nearly 20 and 23 wt% organic coatings 
are attached to the PC1 and C1, respectively.

The zeta potential signs and values of the ZnO NPs 
represent the type of surface charge and colloidal stabil-
ity of the NPs, respectively. The zeta potential values are 
determined as -47 mV for PC1 and -57 mV for C1, respec-
tively, as shown in Fig. 7b. These results closely match 
with the zeta potential value of -53.5 mV for the green 
synthesized ZnO NPs using Proteus mirabilis strain 10B. 
(Eltarahony et al. 2018). Thus, zeta potential values are 
found to be greater than -30 mV indicating high colloidal 
stability of the ZnO NPs in their aqueous suspension.

Particle size distribution

The DLS technique has been used to determine the parti-
cle size distribution of the as-synthesized PC1 and C1 dis-
persed in an aqueous media. Figure 8a shows the hydro-
dynamic sizes in the range of 150–156 nm for the PC1, 
whereas Fig. 8b shows the hydrodynamic sizes in the range 
of 315–400 nm for the C1. Thus, the PC1 have revealed 
smaller size with relatively more narrow size distribution 
as compared to the C1 due to their different thickness of 
the hydrodynamical shell which depends on the roughness, 
shape, and structure of the NPs (Kätzel et al. 2008).

Antidiabetic activities

(a) α-amylase inhibition activity

α-amylase and α-glucosidase are carbohydrate hydrolyz-
ing enzymes that are responsible for postprandial hyper-
glycemia. Type 2 diabetes is due to the imbalance between 
blood sugar absorption and insulin secretion. Postprandial 
hyperglycemia plays a key role in the development of type 2 
diabetes. The ability of a drug to slow down the production 
or absorption of glucose by inhibiting the abovementioned 
enzymes can be of great use for the management of diabetes 

Fig. 7  (A) TGA and (B) zeta 
potential plots of biosynthe-
sized ZnO NPs using the flower 
extracts of Plumeria obtusa 
(PC1) and Tabernaemontana 
divaricata (C1)
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mellitus or its prevention. Figure 9 shows the % inhibition of 
α-amylase with the varied concentration (100–500 µg/mL) 
of zinc oxide nanoparticles (PC1 and C1) and also with the 
drug acarbose which is used as standard. It is clear from the 
Fig. 9 that the inhibition effect of PC1 NPs has been found 
more as compared to C1 NPs.

(b) Fasting Blood Sugar

Figure 10 shows the graph where the antidiabetic activ-
ity of Plumeria obtusa flower extract (1 mL)-mediated 
ZnO NPs (PC1) and Tabernaemontana divaricata flower 
extract (1  mL)-mediated ZnO NPs (C1) with changes 
in blood glucose level post-treatment is displayed. The 
obtained results indicate that the blood glucose level is 

increased in the STZ provoked diabetic mice (p < 0.001) in 
comparison to the control group. Moreover, the blood glu-
cose level is significantly reduced (p < 0.05) for the STZ-
induced diabetic mice treated with PC1. However, rela-
tively less difference in the blood glucose level is obtained 
for the STZ-induced diabetic mice treated with C1.

The STZ increased the blood glucose level to 500 mg/
dL, compared with 144 mg/dL in normal control mice. 
Moreover, intraperitoneal injection of ZnO NPs (PC1) in 
STZ-induced mice decreases the blood glucose level to 
213 mg/dL compared to ZnO NPs (C1) which decreases 
the blood glucose level to 344 mg/dL only.

Our results are matched with reported antidiabetic activ-
ity in the literature (Siddiqui et  al. 2020; Virgen-Ortiz 
et al. 2020). For instance, Siddiqui et al. have found that 

Fig. 8  Hydrodynamic size of 
the biosynthesized (A) PC1 and 
(B) C1 nanoparticles dispersed 
in an aqueous suspension

Fig. 9  Graph shows the % inhibition of α-amylase with the varied 
concentration (100–500 µg/mL) of zinc oxide nanoparticles (PC1 and 
C1) and also with the drug acarbose which is used as the standard

Fig. 10  Graph shows the antidiabetic potential of Plumeria obtusa 
flower extract (1  ml)-mediated ZnO NPs (PC1) and Tabernaemon-
tana divaricata flower extract (1 mL)-mediated ZnO NPs (C1) with 
changes in blood glucose level post-treatment. Control group is 
treated with citrate buffer (pH = 4.5) and STZ group is treated with 
dose of streptozotocin means no drug is given to cure
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utilization of ZnO NPs in the STZ-induced diabetic mice 
resulted in a significant decrease in the value of fasted blood 
glucose level. They have also conducted the hypoglycemic 
activity test and OGTT (oral glucose tolerance test). In the 
hypoglycemic test, ZnO NPs have reduced the blood glucose 
levels by 25.13 and 29.15% at two doses of 8 and 14 mg/kg 
body weight of mice. Virgen- Ortiz et al. studies have also 
suggested that the ZnO NPs induce an acute hyperglyce-
mic effect in normal and diabetic rats. Also, the hypergly-
cemic effect depends on the dose amount and the route of 
administration. Li et al. have used Pt NPs for the antidiabetic 
application in streptozotocin-induced diabetic rats (Li et al. 
2017). These Pt NPs have been synthesized using the leaves 
extract of Whitania somnifers. These NPs decreased the level 
of glucose in plasma to 117.34 ± 4.18 mg/dL.

Conclusion

Hydrophilic sheet and honeycomb-shaped ZnO NPs have 
been successfully biosynthesized using flower extracts of 
Plumeria obtusa (PC1) and Tabernaemontana divaricata 
(C1). The as-synthesized PC1/C1 have shown relatively 
narrow size distribution (150–156 and 315–400 nm) while 
exhibiting high colloidal stability in an aqueous medium. 
In vitro study has been done for the % inhibition activity of 
α-amylase with change in the concentration of zinc oxide 
nanoparticles (PC1 and C1). This in vitro study reveals that 
the inhibition effect of PC1 NPs has been obtained more as 
compared to C1 NPs. In vivo antidiabetic studies of the PC1/
C1-coated ZnO NPs have been performed using streptozo-
tocin-induced diabetic mice models. A significant increase 
in blood glucose level (more than 250 mg/dL) is observed 
after intraperitoneal injection of streptozotocin. Our results 
indicated that PC1 and C1 significantly reduced the blood 
glucose levels in STZ-induced diabetic mice. Moreover, 
the reduction in blood glucose level is found to be more 
prominent for the mice treated with PC1 as compared to C1. 
To summarize, biosynthesized metal oxide nanoparticles-
based antidiabetic drugs can be a better alternative in order 
to minimize the adverse side effects caused by the use of 
traditional antidiabetic drugs.
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