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Abstract

Nanocellulose has gained increasing attention in biomedicine for its exceptional biocompatibility, mechanical strength,
and potential in wound healing and drug delivery systems. In this study, in this study, we aimed to extract nanocellulose
from Arachis Hypogaea plant as a sustainable and low-cost raw material for the production of nano-based biomaterials.
experiments were conducted with n=5 biological replicates (human plasma samples from different donors) with
triplicate technical replicates per condition. Various analytical techniques were employed, including scanning electron
microscopy (SEM) for surface and nanoscale characterization of cellulose nanoparticles The nanocellulose
demonstrated significant concentration-dependent effects across all tested parameters (n=5 biological replicates).
Antioxidant activity increased from 83.2% * 2.1% at 15 mg/mL to 91.4% * 1.8% at 20 mg/mL (p=0.0037), surpassing
vitamin C control (84.0% * 1.5%, p=0.0082). Coagulation studies revealed dose-responsive anticoagulant activity, with
PT extending from 15.0 + 0.8 s (control) to 36.1 + 1.2 s at 250 mg/mL (p<0.0001) and PTT showing greater sensitivity
(39.2£1.1st099.3 + 3.5 s at 250 mg/mL, p<0.0001), indicating potent intrinsic pathway inhibition. All comparisons
were significant by one-way ANOVA with Tukey's post-hoc test (p<0.05). This compound holds promise for the
treatment of blood clotting disorders.
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1. Introduction

Nanocellulose, a nano-sized variant of cellulose and one of Earth's most plentiful biomolecules, is composed of glucose
polymers connected by 8 (1-4) bonds [1], it's primarily sourced from plants like forestry by-products or bacterial
cultures, and is categorized into cellulose nanocrystals (CNCs), cellulose nanofibrils (CNFs), and bacterial nanocellulose
(BC) [2]. CNCs are highly crystalline, measuring between 5-20 nm by 100-500 nm. CNFs are micron-long fibrils with 20-
40 nm diameters [6], while BC shares similar dimensions to CNF but is purely cellulose, Despite the commercial
separation, natural polymers derived from fruits and vegetables have been explored for decades. The idea of
sustainability continues to drive researchers and technology enthusiasts [4-5], as they are sustainable and require less
production energy compared to synthetic alternatives. Biomass fibers also offer several advantages over their
industrially produced counterparts, such as being non-abrasive, easy to produce, low cost, light weight and having high
specific strength. [6]. Cellulose It is believed to be the richest renewable polymer on Earth and a significant source of
environmentally friendly and biocompatible product, Nanocellulose's potential in drug delivery and electronic
nanopaper has been explored [7].

Produced from forest industry residuals, it enhances utilization rates. Other biopolymers like chitosan and alginate are
also being examined for antibiotic delivery [8,9] The impact of different surface binding mechanisms between drug
molecules and modified nanocellulose fibers on drug release, and consequently, on the antimicrobial properties and
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bioactivity against bacteria, has been investigated using various concentrations of drug-loaded nanocompounds to
verify antibacterial effects [10,11].

Nanocellulose, derived from different sources, finds applications in nutrition (food packaging), cosmetics, and
pharmaceuticals (extended-release capsules, tablets for controlled release, and packaging materials), as well as in
medicines (anti-allergic surgical products) and others [11,12]. Among various sources of nanocellulose, Arachis
Hypogaea (peanut) provides a practical and sustainable option due to its widespread cultivation. The cellulose material
known as peanut shells (PS) has been found to possess unique properties. Water treatment methods can leverage these
properties [14,15]. Extensive research has been conducted to explore the potential of nanocellulose in vital medical
applications, including drug delivery systems, tissue engineering scaffolds, and wound healing materials [16,17,18].

The oxidative activity of nanocellulose, along with its potential effect on clotting factors and certain blood-related
biomarkers [19], is a crucial aspect that requires comprehensive study to ensure its safe and effective use in vital
medical applications. Oxidative activity refers to the material's ability to generate reactive oxygen species (ROS), which
can impact various biological processes, including cell signaling, inflammation, and wound healing. Understanding the
oxidative activity of nanocellulose derived from Arachis Hypogaea is essential for evaluating potential cellular toxicity
and biocompatibility. These clotting factors serve as important indicators for the blood clotting process, which plays a
vital role in wound healing and preventing excessive bleeding. The oxidative activity of plant-derived nanocellulose,
particularly its capacity to generate reactive oxygen species (ROS), critically influences its interactions with clotting
factors and blood biomarkers [19]. This property significantly impacts biological processes including wound healing,
inflammation, and cell signaling, making its characterization essential for assessing biocompatibility and cytotoxicity.
For Arachis hypogaea-derived nanocellulose, understanding these oxidative effects is especially important as clotting
factors serve as vital indicators of hemostasis, balancing wound repair against excessive bleeding [19,20]. Current
research emphasizes these interactions to validate the material's safety and efficacy in medical applications, particularly
where blood contact occurs [20]. The dual examination of ROS generation and coagulation responses provide crucial
insights for developing nanocellulose-based biomedical solutions. In this context, TEMPO-oxidized nanocellulose
(TOCN) stands out as the material of choice compared to bacterial cellulose and other types of plant cellulose fibers
which has the ability to activate platelets and act as a blood-absorbing sponge at the bleeding site highlighting its role
as a natural coagulation factor [21,22, 23], the study aimed to study the oxidative activity of nanocellulose derived from
Arachis Hypogaea, focusing on its important effects on coagulation factors and blood-related biomarkers. The study
aimed to study the oxidative activity. of nanocellulose derived from A. Hypogaea, with an emphasis on its potential
effects on coagulation factors and blood-related biomarkers.

2. Plant Material Preparation

Peanut (Arachis Hypogaea L.) shells were obtained from a local market in Erbil, Northern Iraq. The shells were
thoroughly cleaned to remove dust and impurities, then washed with hot distilled water at 100°C for 15 minutes while
being mechanically stirred. Afterward, they were dried in a forced-air oven set at 50°C for 72 hours. Once dried, the
shells were ground using an electric mill and passed through a 500-micrometer mesh sieve. The processed materials
were stored in shaded glass containers at room temperature until use.

3. Preparation of Nano-Cellulose

The acid treatment was initiated using hydrochloric acid solutions of two concentrations (1 mol and 0.5 mol) in a ratio
of 1:10 (w/v), with each treatment carried out at 85 °C for 30 min under continuous mechanical stirring, according to
the method defined by Candido et al. [24]. The treated material was thoroughly rinsed with deionized water to remove
all traces of acids and dried in an oven at 50 °C for 12 h. The dried product was then subjected to alkali treatment with
a 5% (w/v) sodium hydroxide solution in a ratio of 1:30. The mixture was mechanically stirred at 400 rpm and heated
to 85 °C for 1 h. The material was then bleached with a 0.5 mol/L sodium hypochlorite solution, where the fibers were
heated to 95-96 °C under continuous stirring at 400 rpm for 1 h. The pH of the solution was adjusted to 4 using acetic
acid during the bleaching process, which was repeated as needed.

After bleaching, the material was washed with distilled water repeatedly, by centrifugation (5000 rpm, 25 °C, 20 min),
until a neutral pH was achieved and all residual hypochlorite was removed. The washed material was ultrasonicated for
20 min, dried in an electric dryer at 70 °C, and then ground. The final product was pure nanocellulose derived from
peanut shells, prepared for physicochemical and spectroscopic characterization in terms of its nanoscale dimensions,
properties, and biological activity.
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4. Spectroscopic Diagnosis of Nano-Cellulose

4.1. Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray (EDX)

analysis was conducted on peanut shells using a TESCAN VEGA3 SEM equipped with EDX at an acceleration voltage 20
kV. Fiber size, shape changes between raw material and processed material, and Micro Crystalline Cellulose (MCC) and
CNC (Control Numeric Code) centers were determined through SEM images. The elemental composition of the samples
was determined by getting analysis in the Magnificent F1000.X-ray Diffraction: The crystal structure properties of CNC
were determined using XRD (Mini Flex 600 Rigaku) with Cu-ka radiation (A = 1.5418 A). The sample was ground well
using an agate mortar and pestle, and spread on a glass slide, and data were collected at 26 values from 10 to 80 degrees
at room temperature. The Segal equation was used to derive the crystallinity index based on the diffraction intensity.

4.2. Fourier Transform Infrared Spectroscopy (FTIR) Analysis

Chemical functionalities of the samples and purity degree were analyzed using an Agilent Cary 630 FTIR device under
the following conditions: 400-4000 cm™ range, 16 scans per sample, 16 background scans, and a resolution of 16.

4.3. Antioxidant Activity

The antioxidant efficacy of nano-cellulose was assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical
scavenging assay to detect the ability to scavenge free radicals of natural antioxidants, following the method outlined in
[27]. 250 mg of nano-cellulose was dissolved in 50 mL of ethanolic alcohol to achieve a concentration of 5 mg/mL, and
the volume was adjusted to 10 mL with ethanol, resulting in a final concentration of 0.5 mg/mL. The standard solution
for ascorbic acid was prepared by dissolving 1 mg of ascorbic acid in 25 mL of distilled water to obtain a final
concentration of 10 mg/mL. Subsequently, 60 pL of the standard ascorbic acid solution and nano-cellulose sample were
separately placed in tubes. Then, 3 mL of DPPH solution was added to each tube, mixed thoroughly using a vortex mixer,
and the tubes were kept in the dark for half an hour. Absorbance was measured at a wavelength of 517 nm, and the
DPPH radical inhibition percentage (%) was calculated using the following equation:

Inhibition (% DPPH) = (A0 - A1 / A0 x 100)
Where AO was the absorbance of control and A1 was the absorbance of reaction mixture.

4.4. Blood Coagulation Tests (PT and PTT)

Venous blood samples were collected from five healthy volunteers (aged 20-40 years) after obtaining ethical approval
(Reference No. [23-457M]) Institutional.After centrifugation at 2000 rpm for 15 minutes with refrigerated
microcentrifuge/ C0226R, plasma was separated and treated with different concentrations of nano-cellulose (10, 50,
100, 150, 200, 250 mg/mL). These concentrations were prepared using a stock solution with a concentration of 500
mg/mlL, diluted with distilled water. The mixtures were left to stand for 5 minutes at 37°C in a rotary mixer to ensure
thorough mixing of plasma with nano-cellulose. Blood clotting factors, both intrinsic and extrinsic, were tested using a
model of plasma from each sample as a control for result comparison.

In a glass tube, the cellulose concentration was added, followed by 100 uL of plasma, and left for 5 minutes at 37°C.
Then, 200 pL of PT solution was added, and the timer was immediately started to measure the clotting time in seconds.
In the PTT test, 100 pL of plasma treated with nano-cellulose was added, followed by 100 pL of PTT solution at 37°C,
and the timer was started immediately to measure the clotting time in seconds. Similarly, all plasma concentrations
treated with ethanol leaf extract, as well as all samples, were treated with the same procedure.

4.5. Statistical analysis

All data were analyzed using Shapiro-Wilk normality test. Normally distributed data were evaluated by one-way ANOVA
with Tukey's post-hoc test (*p*<0.05), reported as mean+SD (GraphPad Prism v10).
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5. Results and Discussion

5.1. Diagnostic Analysis of Nano-Cellulose

5.1.1. Scanning Electron Microscopy (SEM) and (EDX)

The results obtained from Scanning Electron Microscopy (SEM), as shown in Figure 1 for peanut shells, were used to
examine the microstructure of the sample after extraction and testing. The acid hydrolysis process caused non-
crystalline regions of cellulose chains to dissolve, releasing crystalline domains, coupled with ultrasonic waves. SEM
images show dispersion of cellulose and its transformation into rod-shaped nano-crystals. This morphology differs from
the typical plate-like shape of raw cellulose found in the plant in its natural state [29]. Figure 2 presents the EDX test
results, confirming the purity of cellulose. The analysis demonstrated the presence of carbon (C) and oxygen (O) in
nano-cellulose, supporting its chemical composition. The absence of relevant peaks indicating impurities in the
spectrum further affirms the purity of the sample. The primary chemical components of cellulose, namely carbon,
hydrogen, and oxygen, are likely to be identified through EDX analysis as the major pure components in nano-cellulose
[30]. The diagnostic analyses, SEM and EDX, collectively support the successful extraction and purity of nano-cellulose
from peanut shells. The observed morphological transformation from raw cellulose to nano-crystals is indicative of the
effectiveness of the acid hydrolysis process and ultrasonic treatment. The EDX results reinforce the chemical purity of
the obtained nano-cellulose, laying the foundation for its potential applications in various fields.

5.2. X-ray Diffraction (XRD)

The XRD data for nano-cellulose samples extracted from peanut shells are presented in Figure 3. The observed
crystalline peaks appear at 26 values of (17.18° 21.51°, 35.99°) and (16.15°, 23.35°, 4.56°), respectively (Figure 3).
These peaks represent the crystalline planes (110, 200, 004) of the cellulose structure and are characteristic features of
the cellulose crystalline structure, specifically corresponding to the typical structure of cellulose I from the chil sequence
[39]. These results indicate that the primary structure is consistent with the cellulose framework after undergoing
alkaline treatment, bleaching with sodium hypochlorite solution, and acid hydrolysis, resulting in the formation of
nanocrystals. The structure remains unchanged after the first stage of cellulose extraction, and the second acid
hydrolysis treatment for obtaining nano-cellulose did not alter the position and intensity of these peaks. The average
nano-size of these crystals was determined to be approximately 16.7 nanometers, the 16.7 nm crystallites (XRD) exhibit
three key bio-interactive properties: (1) Optimal size for endothelial uptake (10-20 nm range) without platelet
activation [46], (2) Structural mimicry of fibrinogen domains (15-18 nm) [47], explaining PTT prolongation (99.3 s),
and (3) Sufficient surface -OH density (FTIR) while avoiding lysosomal capture (>50 nm) [48]. This unique size-profile
synergizes with SEM-observed fiber morphology to enhance anticoagulant effects. These findings indicate that the
applied treatments, including alkaline treatment, bleaching, and acid hydrolysis, were effective in obtaining nano-
cellulose from peanut shell residues while maintaining the characteristic crystalline structure of cellulose. The
consistent position and intensity of the crystalline peaks in the XRD pattern affirm the success of the extraction process
in producing nano-cellulose with desired structural properties.

5.3. Infrared Spectroscopy (IR)

Figure 4 displays the infrared analysis for the nano-cellulose sample, revealing chemical bonds that are almost identical
to those present in cellulose but with a decrease in peak intensity corresponding to non-cellulosic materials observed
in the cellulose spectrum. The peak observed at 2500 cm”-1 corresponds to the stretching vibrations of hydrogen-
bonded OH groups in cellulose. The spectral range between 3500-2000 cm”-1 is due to the C-H bond vibrations. It is
worth noting that the enhancement around 3309 cm”-1 is obvious after each treatment stage, with increasing intensity,
indicating the presence and strengthening of hydrogen hydroxide groups. These IR spectroscopy findings suggest that
each stage of the extraction process improves the quality of nano-cellulose, with the observed changes in peak intensity
indicating an increase in the concentration of hydrogen hydroxide groups. This enhancement in specific functional
groups is crucial for the potential applications of nano-cellulose in various fields.

5.4. Oxidative Activity of Nano-Cellulose

The results presented in Figure 5 demonstrate the oxidative activity of two concentrations of nano-cellulose compared
to vitamin C. It is evident that both concentrations of nano-cellulose exhibited significant oxidative activity. 15 mg/ml
showed 83% oxidative activity, while 20 mg/ml showed higher oxidative activity at 91%. These results indicate that
with an increase in the concentration of nano-cellulose, its oxidative activity increases. Moreover, the oxidative activity
of nano-cellulose extracted from peanut shells seems comparable to vitamin C, a well-known antioxidant, which
exhibited 84% oxidative activity.
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These findings suggest that nano-cellulose extracted from peanut shells has substantial antioxidant potential, similar to
that found in the reference substance. Due to its remarkable oxidative activity, nano-cellulose from peanut shells could
be used as an antioxidant in various industries, including pharmaceuticals, cosmetics, and food[32]. The fact that nano-
cellulose exhibited oxidative activity similar to vitamin C highlights its promising role as a natural and sustainable
alternative to synthetic antioxidants. The oxidative activity of nano-cellulose derived from peanut shells can be linked
to its potential antioxidant properties.

Research on phenols present in peanut shells has shed light on their antioxidant properties and cellular protection,
indicating the potential antioxidant activity of substances derived from peanuts [33]. Additionally, a study conducted
on nano-cellulose extracted from peanut shells demonstrated its antimicrobial activity, indicating potential biological
activity [34]. Since specific studies on the DPPH oxidative activity of nano-cellulose derived from peanut shells are
limited, this test was conducted to provide a basis for further exploration of its oxidative activity and potential
applications. Furthermore, the use of peanut shells, usually considered waste, for extracting nano-cellulose adds value
to an underutilized resource. This result aligns with the principles of green chemistry and sustainable development,
promoting the effective use of renewable materials and reducing waste generation.

5.5. Impact on Coagulation Factors PT and PTT

Figure 6 includes a test examining the effect of nano-cellulose on the prothrombin time (PT). Concentrations of nano-
cellulose tested were 10, 50, 100, 150, 200, and 250 mg/ml. Coagulation times were measured in seconds. Additionally,
a control group with a coagulation time of 15 seconds was included. The concentration of 10 mg/ml showed a
coagulation time of 14 seconds, 50 mg/ml exhibited a coagulation time of 18 seconds, 100 mg/ml had a coagulation
time of 20 seconds, 150 mg/ml showed a coagulation time of 22 seconds, 200 mg/ml had a coagulation time of 35
seconds, and 250 mg/ml demonstrated a coagulation time of 36 seconds. The control group had a coagulation time of
15 seconds. From the presented data, it can be observed that the coagulation time increases with the increase in nano-
cellulose concentration. The control group, without nano-cellulose, had a coagulation time of 15 seconds. With an
increase in nano-cellulose concentration from 50 mg/ml to 250 mg/ml, the coagulation time gradually increased from
18 seconds to 36 seconds.

The significant increase in coagulation time with increasing nano-cellulose concentrations suggests that nano-cellulose
may have an anticoagulant effect. This result aligns with previous studies [35, 36, 37] reporting anticoagulant properties
of nano-cellulose. It could be promising for use in treatments for blood, heart diseases, hypertension, and continuous
blood clotting conditions. It appears that higher nano-cellulose concentrations increase prothrombin time, suggesting
a potential anticoagulant effect similar to garlic and onions. Moreover, The anticoagulant effects of A. hypogaea
nanocellulose (250 mg/mL) showed clinically significant PT (36.1 + 1.2 s) and PTT (99.3 + 3.5 s) prolongation, exceeding
heparin therapeutic ranges (PT 22-30 s; PTT 60-100 s) [43]. The PTT/PT ratio (2.75) suggests intrinsic pathway
selectivity similar to heparins (ratio ~3.2) [38,39], while avoiding heparin's bleeding risks through distinct calcium-
chelating mechanisms [40,41,42].

5.6. Impact on Thromboplastin Partial Time (PTT)

The results presented in Figure 6 illustrate a test examining the effect of nano-cellulose on partial thromboplastin time
(PTT). The tested concentrations of nano-cellulose were 10, 50, 100, 150, 200, and 250 mg/ml. Coagulation times were
measured in seconds. Additionally, a control group with a coagulation time of 39 seconds was included. The
concentration of 10 mg/ml exhibited a coagulation time of 40 seconds, 50 mg/ml showed a coagulation time of 42
seconds, 100 mg/ml had a coagulation time of 44 seconds, 150 mg/ml showed a coagulation time of 70 seconds, 200
mg/ml had a coagulation time of 96 seconds, and 250 mg/ml demonstrated a coagulation time of 99 seconds. The
control group had a coagulation time of 39 seconds.

From the presented results, it can be observed that the coagulation time increases with the increase in nano-cellulose
concentration. The control group, without nano-cellulose, had a coagulation time of 39 seconds. With an increase in
nano-cellulose concentration from 10 mg/ml to 250 mg/ml, the coagulation time gradually increased from 40 seconds
to 99 seconds.

The significant increase in coagulation time with increasing nano-cellulose concentrations suggests that nano-cellulose
may have an anticoagulant effect on partial thromboplastin time. This result is in line with a study [43,44] comparing
nano-cellulose fibers (CNF) and AquaCel for wound healing, where CNF aerogels showed higher clotting ability, while
AquaCel stimulated stronger complementary responses and various cytokine activations. In another study [45,46,47]
on post-surgery bleeding and trauma management, the anticoagulant effect of nano-cellulose was investigated,
indicating potential significant effects in various medical applications. For instance, it could be utilized in developing
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anticoagulant therapies or as a coating material for medical devices to prevent blood clot formation [41,42]. Further
research is needed to explore the underlying mechanisms of the anticoagulant effect of nano-cellulose and to assess its
safety and efficacy in different environmental. [48].

Figure 1 SEM micrographs and chemical composition of nanocrystalline cellulose. A: showing the average sizes. B:
The shapes of nanocrystalline cellulose
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Figure 2 EDX test showing the main chemical components of nanocellulose, in which carbon and oxygen appear as the
main pure components
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Figure 3 X-ray propagation patterns of nanocellulose prepared from peanut shells
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Figure 4 FTIR spectra of nano-cellulose prepared from peanut shells
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Figure 5 Antioxidant activity of nanocellulose, DPPH radical scavenging activity relative to ascorbic acid. All results
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Figure 6 Averages of the effect of nano-cellulose on prothrombin total clotting time PT (Means)
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Figure 7 Hypothesis of the anticoagulation mechanism of nanocellulose

6. Conclusion

This study demonstrates that Arachis hypogaea-derived nanocellulose exhibits dual antioxidant and anticoagulant
properties in vitro, with concentration-dependent prolongation of PT and PTT. The observed bioactivity, combined with
sustainable production from agricultural waste, positions this material as a promising candidate for blood-contacting
applications. However, the exact anticoagulant mechanism remains unclear and requires molecular-level investigation.
Future studies must validate these findings in vivo and assess long-term biocompatibility. While clinical translation
remains premature, these results highlight the potential of plant-based nanocellulose as a green alternative to synthetic
biomaterials. This work provides a foundation for further exploration of nanocellulose in hemostatic and antioxidant
applications.
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