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Abstract

Background Cirrhosis is considered as a severe liver disease that causes partial liver damage as well as total liver
destruction; It remains a significant health concern. Sugar cane juice is a particularly beneficial beverage, and its
waste products are crucial for treating numerous ilinesses. As compared to traditional treatments, zinc-doped carbon
quantum dots (Zn/CQDs) are easy-to-prepare, economically invested, high nutritive value and environmentally safe
substance.

Materials & methods This study investigated the hepatoprotective effects of zinc-doped carbon quantum dots (Zn/
CQDs) against carbon tetrachloride (CCl,)-induced liver injury in male Wistar albino rats. Zn/CQDs were synthesized
using a microwave-assisted method and characterized using FTIR and XRD techniques. Meanwhile, a liver Cirrhosis
model induced by carbon tetrachloride (CCl,) was utilized to determine the inhibitory effects of sugar cane juice
mixed with Zn/CQDs against liver Cirrhosis. Biochemical parameters, including AST, ALT, and uric acid, were measured
to assess liver function. Histopathological analysis was performed to examine liver tissue damage.

Results In this study, Zn/CQDs were extended from 1.62 to 5.45 nm. The results demonstrated that Zn/CQDs
exhibited significant hepatoprotective effects by reducing liver enzyme levels and mitigating histopathological
changes. However, the study also highlighted the need for further optimization of the used vehicle delivery method,
such as sugarcane juice, which is showed a marginal impact on liver function. Sugar cane juice with Zn/CQDs
decreased aspartate amino transferase levels (AST) and improved the uric acid concentration. It means a protection
from the toxins effect by controlling the liver enzyme levels; but also, elevated levels of alanine aminotransferase
(ALT) indicate ongoing liver injury. Overall, this study provides future insights into the potential of sugar cane juice
with Zn/CQDs as a high nutritive value additive to drinks and food; it is investigated for plants waste as a novel green
therapeutic strategy for liver diseases. Further research is necessary to explore the underlying mechanisms of action
and to optimize their formulation for clinical applications.
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Conclusion Overall, this study provides promising insights into the potential of Zn/CQDs as a novel green

therapeutic strategy for liver diseases.
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Introduction

The alarming rise in toxic liver injury, fueled by factors
like alcohol and drug abuse, has drawn urgent medical
attention. Acute liver injury (ALI), a major contributor to
liver failure with high mortality, is under intense scrutiny.
ALI serves as a critical gateway to severe liver dysfunc-
tion, marked by complications like hepatic encephalopa-
thy and impaired protein synthesis [1]. Limited by high
costs, donor shortages, and immunosuppression risks,
liver transplantation falls short as a universally accessible
cure for ALL Novel therapeutic strategies are urgently
needed to fill this critical gap in treatment options [2]. At
present, no effective drug for the treatment of liver fibro-
sis has been approved for marketing [3].

Strong hepatotoxins like carbon tetrachloride (CCl,)
cause severe harm to the liver, leading to cirrhosis, irre-
versible scarring, and functional impairment. Sadly,
there isn’t a treatment for this persistent illness. Ongoing
research, however, attempts to create methods to lessen
the negative consequences of CCl, exposure and delay
the development of liver damage. It has been demon-
strated that nanomaterials enhance hepatic regeneration,
or the liver’s capacity to heal itself [4].

Nanomaterials are poised to revolutionize healthcare
by offering innovative solutions for disease diagnosis,
drug delivery, and tissue regeneration [5]. By harnessing
their unique properties, researchers can develop targeted
therapies with enhanced efficacy and reduced side effects
[6, 7]. Carbon quantum dots (CQDs) can be named as
nanomaterials with particle size less than 100 nm which
could be derived from diverse sources, including agricul-
tural wastes such as sugarcane bagasse (SC) [8, 9]. One
possible way to valorize these materials is to convert
the SC, a major source of pollution to the environment,
into CQDs [10, 11]. There are numerous ways to create
CQDs from agricultural waste. One popular technique is
hydrothermal synthesis, which heats the waste material
with water and other chemicals in a high-pressure reac-
tor [12]. Another method, microwave synthesis, involves
heating the waste material in a microwave oven with
water and other chemicals [13, 14]. The particular waste
material used, and the synthesis method employed affect
the properties of CQDs made from agricultural waste.
Nonetheless, CQDs obtained from agricultural waste
typically have advantageous chemical and optical char-
acteristics, making them appropriate for several uses [10,
14].

In a previous study, ZnO nanoparticles added to
the animal feed, in the doses studied, showed adverse

effects on hematologic parameters, cytokines, oxidative
stress, cytochrome enzymes, liver enzymes, and histo-
logic parameters of rat liver [15]. In this study, we doped
CQDs with Zn (Zn/CQDs) via a Microwave method. The
microwave synthesis of Zn/CQDs presents a promising
approach to produce these CQDs nanomaterials with
potential applications in various fields [8]. This method
offers several advantages over conventional synthesis
techniques, including rapid synthesis times, energy effi-
ciency, and precise control over reaction conditions. By
utilizing microwave energy, the synthesis process can
be accelerated, leading to significant time savings. Addi-
tionally, microwave heating can be more energy-efficient
compared to traditional heating methods [8]. Further-
more, microwave synthesis allows for precise control
over reaction parameters such as temperature and pres-
sure, enabling the optimization of the synthesis process
and the production of Zn/CQDs with desired properties
[5]. This approach holds great potential for the develop-
ment of advanced materials with tailored functionalities.
Also, this research demonstrates the potential of Zn/
CQDs as a promising therapeutic agent for liver injury.
By mitigating liver cell regeneration, Zn/CQDs offer a
novel approach to combat liver diseases. The ease of syn-
thesis, biocompatibility, and targeted drug delivery capa-
bilities of Zn/CQDs make them attractive for biomedical
applications. Further research is needed to optimize their
formulation and dosage for clinical use, but this study
provides a solid foundation for developing effective and
safe treatments for liver disorders.

Materials and methods

Materials

We purchased sugarcane bagasse (SC) from the Quena
Company for Paper Industry in Egypt. Carbon tetra-
chloride (CCl,) was bought from BDH chemicals Ltd.
in Poole, England, and used orally to treat liver cirrho-
sis. The following ingredients were utilized to create the
experimental diet: cellulose was bought from the Labo-
ratory of Rasayan, Fine Chemical Limited, Mumbai,
India, and casein was acquired from Al-Ahram Labora-
tory Chemicals (Egypt). However, the components that
made up the vitamin and salt combinations were bought
from Fluka (Germany) and BDH (England), respec-
tively. Instead of the items listed above, most of the other
ingredients in the experimental diet were bought from
the local market. Diamond Diagnostics, MDSS GmbH,
Hannover, Germany provided the diagnostic kits used
for spectrophotometric assessment of kidney function
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(urine, creatinine, and uric acid) and liver function (AST,
ALT, albumin, and total protein). The chemicals utilized
were analytical grade and didn’t require any additional
purification.

Preparation of carbon quantum dots

30 mg of Sugarcane bagasse (SC) with 70 mg of NaOH
and 2400 mg of urea in 100 mL H,O were homogenized
for 30 min. Then it was frozen in a refrigerator over-
night to produce a dissolved solution. After one night
the defrosted mixture was ultrasonicated for 2 min. In a
home microwave, the sonicated solution was heated at
700 W for around 7 min [10, 16].

Preparation of nitrogen doped carbon quantum dots
doped with zinc (Zn/CQDs)

The as-produced CQDs were mixed with 1000 ppm
ZnSO, and subjected to ultrasonication for 10 min. Then,
it was put in a domestic microwave for 120 s at 90 W. The
obtained dry yellow powder is Zn/CQDs [17-19].

Animals

From the National Research Centre’s animal housing, 26
male albino rats were taken (NRC, Dokki, Egypt). The
weight distribution was 200+ 150 g. The facility’s veteri-
narians kept an eye on and conducted independent eval-
uations of the animals kept in individual rooms. With the
[RE (223) 23] Code Number in the Experimental Animal
Research Unit, this work was done following Ain Shams
University’s ethical research principles. Within the ani-
mal facility, the animals were kept in private rooms under
the watchful eye of a veterinarian who conducted inde-
pendent assessments [5].

Experimental diet

The basal diet was performed according to AIN- 93
[20]. The Zn/CQDs were ground into a fine powder and
administered orally at a dose of 0.4y per day after dis-
solving 1 g in 10 ml of water and 10 ml of SC juice. Two
weeks were spent acclimating the rats before the trial
started. Ad-libitum water was introduced. Rats were fed
on the following diets for 45 days after being split into
four major groups: Groups 1 and 2 are the control nega-
tive and positive groups and their respective diets are
(basal diet without/with 0.4 pu CCl, orally), respectively.
Groups 3 and 4 respective diets are (basal diet+0.4 p
CCl, orally +1 g Zn/CQDs dissolved in 10 ml water), and
(basal diet+ 0.4 p CCl, orally+ 1 g Zn/CQDs dissolved in
10 ml SC juice), respectively.

Characterization

FTIR spectra

FTIR spectroscopy was recorded by Mattson-5000
(Unicam, Somerset, United Kingdom) employing the
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KBr disk method across the wavenumber range of
4000-1000 cm™ .

XRD spectra
XRD was determined by Bruker D8 Advance X-ray dif-
fractometer (Karlsruhe, Germany) using copper (Ka)
radiation (1.5406 A) at a 40 kv voltage and a 40 mA
current.

Both of crystallinity index Cr.I. (%) and d-spacing (nm)
were determined using Eqs. (1) and (2).

Cr.I (%) = (Ac/A) x 100 (1)

where A is the crystalline peak area and A, is the total
area [21].

) 0.9A
d — spacing (d; nm) = m (2)

where \ is the wavelength,  and 0 are full widths at half
maxima and Bragg’s angle of the XRD peak, respectively
[19].

Biological study

Five days were spent acclimating the rats before the
experiment started. Ad-libitum water was introduced.
The following diet was given to the rats for twenty-two
days after they were split into four primary groups:
Group 1: given a baseline diet, this group served as the
control. Group 2: The positive control group received
a basal diet and 0.4 ug/kg body weight of CCl, orally to
induce cirrhosis [5]. Groups 3 and 4 were given the same
diet composition as the positive group, but in addition,
group 3 received 0.4 pg of CCl, and 1 g of Zn/CQDs
dissolved in 10 ml of water, while group 4 received the
same nutrients dissolved in 10 ml of SC juice. Using the
mentioned procedure, the weekly body weight gain and
daily caloric consumption were computed [15]. After the
twenty-two-day trial, rats were killed under halothane
anesthesia after an overnight fast. Blood samples were
taken from the hepatic portal vein; a small amount was
put in a heparinized tube, and the rest was centrifuged
for 20 min at 3000 rpm after being left to clot at room
temperature. After the serum was thoroughly separated,
it was put into sterile, tightly fitting plastic tubes and
chilled at -20 °C until analysis.

Liver and kidney functions The measurement of Alanine
Aminotransferase (ALT) and Aminotransferase (AST)
was conducted using a colorimetric endpoint method, fol-
lowing the guidelines provided by Diamond Diagnostics,
MDSS GmbH, Hannover, Germany. According to the pro-
tocols at Diamond Diagnostics, MDSS GmbH, Hannover,
Germany, urea and creatinine were measured.
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Histopathological examination

Samples of the liver, spleen, and thymus were obtained
right after the rats in each group were slaughtered.
According to Bancroft et al. (2016), the tissues were fixed
with 10% neutral formalin after being cleaned with a nor-
mal saline solution to eliminate blood. They were then
transported to Cairo University’s Faculty of Veterinary
Medicine for histological analysis [22].

Statistical analysis

Using automated SPSS software (SAS Institute, Cary,
NC), the data was statistically assessed. A one-way
ANOVA (Analysis of Variance) test with Duncan’s mul-
tiple range tests and p significance between different
groups was used to evaluate the impact of various treat-
ments [23].
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Results and discussion

FTIR spectroscopy

The FTIR spectra of the prepared CQDs and Zn/CQDs,
as shown in Fig. 1, revealed absorption bands between
3330.66 and 3344.11 (O-H), 1457.98-1467.65 (C=C),
1301.74-1348.07 (O-C=0), 11097.36-151.34 (C-O-
C) and 1047.20-1097.36 cm™! (C-N) [9, 16]. The N-H
group in CQDs at 3434.75 cm™! has disappeared in Zn/
CQDs, which may be due to the chelation of Zn by CQDs
[19]. The decreasing of O—H intensity in the case of Zn/
CQDs proves the Zn chelation. The amide peaks in CQDs
at 1677.84 (amide I) and 1596.84 cm™! (amide II) are con-
verted to one peak for Zn/CQDs at 1647.01 cm™! due to
the incorporation of Zn [10, 13]. The peak at 607.50 cm™!
for Zn/CQDs is related to ZnO [24].

Morphological properties
TEM images (Fig. 2) reveal that CQDs were spherical,
and uniform ranged in size between 2.35 and 2.90 nm.

-----|on

— CQDs
o Zn/CQDs

Q
=
N
I
I
I

1 1 1 1
4000 3500 3000 2500 2000

1 1
1500 1000 500

Wavenumber (cm'l)

Fig. 1 FTIR spectra of the prepared CQDs and Zn/CQDs samples
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Fig. 2 TEM of the prepared CQDs and Zn/CQDs samples

The diameter of Zn incorporated in Zn/CQDs was
between 1.62 and 5.45 nm. The small size of Zn/CQDs
is due to the chemical reactions which take place on the
surface of CQDs during Zn doping.

XRD spectra
The XRD pattern, Fig. 3, revealed the known peaks of
CQDs with peaks at 20~9.0 and 17.18° related to the
(001) plane, with the interlayer d spacing of 0.098 and
0.18 nm and at 26 ~22.8 and 21.82° related to (002) plane
due to the presence of graphene sheets in the CQDs [10].
The successful combination of Zn(II) with carboxyl
groups on the surface of CQDs to form Zn-O bonds was
evident. The increased d value for Zn/CQDs may be due
to the incorporation of ZnO between CQDs. The peaks
at 26.48, 28.88, 35.07, and 44.91° for Zn/CQDs corre-
spond to the (002), (100), (102), and (103) crystal planes
in which (002), (100) and (102) represent graphite (sp2)
and (103) represents diamond (sp3) like carbon [18]. The
amorphous structure of CQDs was converted to crystal-
line due to the incorporation of ZnO onto Zn/CQDs.
This is proved from the calculated Cr.I (%) which was 44
and 91% for CQDs and Zn/CQDs, respectively.

Biochemical analysis

Group 1: control negative group (basal diet), group 2:
control positive group (basal diet+0.4 p CCl, orally),
group 3: (basal diet+0.4 p CCl,+1 g Zn/CQDs/10 ml
H,O orally), group 4: (basal diet+0.4 u CCl,+1 g Zn/
CQDs/10 ml SC juice orally). Table 1 showed a non-sig-
nificant difference between all groups in food intake. But
also, there was a rare significant increase in all groups

compared to the control group in liver weight% & kidney
weight% parameters. To assess the degree of liver dys-
function in each group AST enzyme marker levels were
recorded. The percentage protection in the AST marker
enzyme of group 3 was 4.68% when compared to hepa-
totoxic group 2. On the other hand, group 4 showed liver
dysfunction. SC juice marginally impacts liver function
when combined with Zn/CQDs and may pose challenges
as a delivery vehicle.

On the contrary, Table 2 shows that ALT was increased
for groups 3 and 4 which mean that the treatment may
improve liver function, but there is still some ongoing
damage to the liver cells. In other words, the treatment
may target AST more than ALT, so we see a decrease in
AST but not in ALT.

At the same time, the uric acid (Table 2) was decreased
to 9.45 and 21.14% for groups 3 and 4, respectively, which
demonstrates the effectiveness of Zn/CQDs in improv-
ing the overall function of the liver, allowing it to process
uric acid more efficiently. The pharmacological effects of
Zn/CQDs are investigated by the study of the biological
responses to drug action. Natural product is said to exert
their action by binding with cell proteins receptor [25].

Histopathological results

Figure 4 for the liver section from the control negative
group 1 shows the intact blood sinusoids (arrowhead),
the typical architecture of the portal area (rectangle),
and the hepatic cords comprising hepatocytes with cen-
tral, spherical, and vesicular nuclei (central vein, arrow).
The liver section from the control positive group, on the
other hand, showed signs of severe hepatic injury, such
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Table 1 Body weight gain, food intake, liver weight percent, and
kidney weight percent for different studied rats'group

Groups Body Food intake  Liver Kidney
weight weight (%) weight
(%)
Group 1 945+2.03% 32793+025% 296+0.15° 0.79+0.06
Group 2 559+1.11%  32602+028% 407+031° 092+006"
Group 3 11764159 32643+1.15% 407+022° 0.94+0.04°
Group 4 11.60+1.87° 32850+0.15°  4.08+0.15° 0.95+0.03°

2and ® are signs for grade of differences

Table 2 Aspartate aminotransferase (AST), Alanine
aminotransferase (ALT) and uric acid for different studied rats’

group

Groups ALT (U/L) AST (U/L) Uric acid (mg/dl)
Group 1 7342+7.01° 85.12+225° 402+0.24°
Group 2 161.53+6.84° 169.21+1223°  363+0.15%
Group 3 186.10+11.27° 160.15+1.21° 3.34+0.35%
Group4  186.50+0.65° 17175£1046°  3.17+021°

2 band € are signs for grade of differences
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as severe portal vein dilatation and congestion with
degenerated endothelium (rectangle), loss of hepatic cord
organization (circle), interstitial edema and fibrosis that
resulted in hepatic cord dispersion (star), and inflam-
matory cell infiltration (wave arrow) [5]. Additionally,
certain hepatocytes were found to have deep basophilic
apoptotic nuclei and deep acidophilic cytoplasm (arrow),
whereas other hepatocytes had hydropic degenerations
(curvy arrow). Visible dilatation was seen in the blood
sinusoids (arrowhead). Take note of the tail-like micro
vesicular steatosis (arrow).

The liver section from group three shows signs of
hepatic damage, including reduced fibrosis with few
inflammatory cells (wave arrow), a regular arrangement
of the hepatic cords (circle), and a portal vein that is
congested but not dilated. Most hepatocytes were pre-
sented with deep acidophilic cytoplasm and an obvious
increase in cytoplasmic to nuclear ratio (arrow) while few

Fig. 4 Histopathological examination of photomicrographs of the rat’s liver tissue sections belonging to different groups stained with hematoxylin and
eosin: liver section of normal control rats treated with basal diet (a), liver section of rats treated with CCl, (4 1) alone (b), liver section of rats treated with
Zn/CQDs (1 g/ 10 ml H,0) + CCl, (c); and liver section of rats treated with Zn/CQDs (1 g/ 10 ml SC juice) +CCl, (d)
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hepatocytes existed with hydropic degeneration (curvy
arrow). Blood sinusoids emerged with regular structure
(arrowhead). In addition, severe micro vesicular steato-
sis was seen (arrow with tail). Moreover, the liver Section
from Group 4 exhibited a lesser hepatic degeneration
evidenced by limited areas of restored cords organiza-
tion (circle), mild congestion of portal vein (rectangle),
the scarce number of inflammatory cells (wave arrow),
few blood sinusoids with clear dilatation (arrowhead),
hepatocytes detected either in intact structure (arrow)
and others with deep basophilic apoptotic nuclei (curvy
arrow). It was reported that bacteria treated with CQDs/
ZnO displayed pronounced wrinkling and deformation,
beside a visible pit, indicating the leakage and deprivation
of cellular components, eventually leading to cell death
[26].

Conclusion
A facile, economical, and eco-conscious method was
employed to fabricate Zn/CQDs from sugarcane agri-
cultural residues. FTIR characterization confirmed the
successful synthesis of Zn/CQDs by demonstrating the
interaction between Zn and CQDs functional groups.
The disappearance of the N-H peak and decreasing O—H
intensity indicated Zn chelation with CQDs. The amide
peaks also showed transformation due to Zn incorpora-
tion. The ZnO peak further validated the presence of Zn.
In conclusion, the study suggests that while Zn/CQDs
may offer partial protection against CCl,-induced liver
damage, as evidenced by the decrease in AST levels, it
does not fully prevent liver cell injury, as indicated by the
elevated ALT levels. Additionally, the decreasing of uric
acid levels for both groups treated with Zn/CQDs sug-
gests an improvement in overall liver function, poten-
tially due to enhanced uric acid processing. However, the
negative impact of sugarcane juice on liver function in
group 4 highlights the importance of further investigat-
ing its interaction with Zn/CQDs and identifying safer
delivery vehicles for potential therapeutic applications.
Limitations of CQDs in treating liver include; while
Zn/CQDs showed a decrease in AST levels, indicating
some protection against liver damage, they did not fully
prevent liver cell injury as evidenced by elevated ALT
levels; the study only investigated the effects in rats with
CCl,-induced liver damage. More research is needed to
determine their effectiveness in other types of liver dis-
ease and in humans; and the optimal dosage and formu-
lation of Zn/CQDs for therapeutic applications requires
further investigation.

Author contributions

Fatma El-Zahraa S. Mohamed: Conceptualization, Methodology, Validation,
Investigation, Writing— original draft, Visualization. Hebat-Allah S. Tohamy:
Conceptualization, Methodology, Validation, Investigation, Writing— original
draft, Visualization. Mohamed El-Sakhawy: Resources, Formal analysis,

Page 8 of 9

Validation, Supervision, Project administration. The manuscript was written
through the contributions of all authors. All authors have approved the final
version of the manuscript.

Funding

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB).

Open access funding is provided by the Science & Technology & Innovation
Funding Authority (STDF) in cooperation with the Egyptian Knowledge Bank
(EKB).

Data availability
All data generated or analysed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate

This study was completed and carried out following the Ain Shams
University ethical research guidelines with [RE (223) 23] Code Number in the
Experimental Animal Research Unit.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Nutrition & Food Science Department, Research of Food Industries and
Nutrition Institute, National Research Centre, 33 El Bohouth St. (former El
Tahrir St.), PO. 12622, Dokki, Cairo, Egypt

2Cellulose and Paper Department, National Research Centre, 33 El
Bohouth Str, PO. 12622, Dokki, Giza, Egypt

Received: 22 August 2024 / Accepted: 11 April 2025
Published online: 01 May 2025

References

1. WeiY-y,Wang H, Fan'Y, et al. Acute liver injury induced by carbon tetra-
chloride reversal by Gandankang aqueous extracts through nuclear factor
erythroid 2-related factor 2 signaling pathway. Ecotoxicol Environ Saf.
2023;251:114527.

2. JinY,Wang H,YiK, et al. Applications of nanobiomaterials in the therapy and
imaging of acute liver failure. Nano-micro Lett. 2021;13:1-36.

3. ZhaoY,Kong H, LiY, et al. Inhibitory effects of curcumae Radix carbonisata-
based carbon Dots against liver fibrosis induced by carbon tetrachloride in
mice. Artif Cells Nanomed Biotechnol. 2024;52(1):23-34.

4. Sayed EL, Morsy HE, Abo Emara LE. Effect of carbon tetrachloride (CCl,)
on liver in adult albino rats: histological study. Egypt J Hosp Med.
2019,76(6):4254-61.

5. Tohamy H-AS, Mohamed FE-ZS, El-Sakhawy M. Novel microwave assisted
carboxymethyl-graphene oxide and its hepatoprotective activity. BMC Phar-
macol Toxicol. 2024;25(1):50.

6. Huseynov E, Khalilov R, Mohamed AJ. Novel nanomaterials for hepatobiliary
diseases treatment and future perspectives. Adv Biology Earth Sci. 2024;9.

7. Khalilov R, Bakishzade A, Nasibova A. Future prospects of biomaterials in
nanomedicine. Adv Biology Earth Sci. 2024;9:5-10.

8. Tohamy H-AS, El-Sakhawy M, Kamel S. Microwave-assisted synthesis of
amphoteric fluorescence carbon quantum Dots and their chromium adsorp-
tion from aqueous solution. Sci Rep. 2023;13(1):11306.

9. Tohamy H-AS. Cellulosic schiff base hydrogel biosensor for bacterial detec-
tion with pH/thermo-responsitivity: DFT calculations and molecular Docking.
Int J Biol Macromol. 2024;283:137389.

10.  Moweafi S, Tohamy H-AS. Application of electro-spun nano-fibers based on
agriculture cellulosic biomaterial wastes for removal of dye and heavy metal
from polluted water. J Text Inst. 2024;115(9):1490-9.



Mohamed et al. BMC Pharmacology and Toxicology

(2025) 26:94

Viscusi G, Mottola S, Tohamy H-AS, Gorrasi G, De Marco I. Design of Cellulose
Acetate Electrospun Membranes Loaded with N-doped Carbon Quantum
Dots for Water Remediation. In: Mannina, G, Ng, H.Y, editors Frontiers in
Membrane Technology. IWA- Regional Membrane Technology Conference
2024. Lecture Notes in Civil Engineering, vol 525. Springer, Cham. https://doi.
0rg/10.1007/978-3-031-63357-7_22

Al Kiey SA, Tohamy H-AS. Sustainable energy harvesting: manganese oxide-
decorated carbon quantum Dots derived from agriculture for high-perfor-
mance supercapacitors. J Energy Storage. 2024;101:113758.

Tohamy H-AS, El-Sakhawy M, Strachota B, et al. Development and character-
ization of fluorescent cellulose succinate hydrogels for efficient chromium
adsorption. J Polym Res. 2024;31(11):339.

Mottola S, et al. Application of electrospun N-doped carbon Dots loaded
cellulose acetate membranes as cationic dyes adsorbent. J Environ Manage.
2024;370:122714.

Tang H-Q, Xu M, Rong Q, et al. The effect of ZnO nanoparticles on liver func-
tion in rats. Int J Nanomed. 2016;11:4275-85.

Tohamy H-AS, Novel. Speedy, and Eco-Friendly carboxymethyl Cellulose-
Nitrogen doped carbon Dots biosensors with DFT calculations, molecular
docking, and experimental validation. Gels. 2024;10(11):686.

Tohamy H-AS. Fluorescence ‘Turn-on'Probe for chromium reduction, adsorp-
tion and detection based on cellulosic Nitrogen-Doped carbon quantum
Dots hydrogels. Gels. 2024;10(5):296.

Tohamy H-AS, El-Sakhawy M, Hassan E, Kamel S. Microwave-Prepared quan-
tum Dots and their potential applications as adsorbents and chemosensors.
Materials. 2023;16(20):6722.

20.

21.

22.

23.

24.

25.

26.

Page 9 of 9

Tohamy H-AS, El-Sakhawy M, Elnasharty MM. Carboxymethy! cellulose mem-
branes blended with carbon nanotubes/ag nanoparticles for eco-friendly
safer lithium-ion batteries. Diam Relat Mater. 2023;138:110205.

Reeves PG. Components of the AIN-93 diets as improvements in the AIN-76A
diet. J Nutr. 1997;127(5):5838-41.

Tohamy H-AS, El-Sakhawy M, Abdel-Halim SA, et al. Antimicrobial Plectran-
thus amboinicus emulsions prepared with amphiphilic cellulose stearate.
Euro-Mediterranean J Environ Integr. 2024. https://doi.org/10.1007/541207-0
24-00675-0.

Bancroft JD, Gamble M. Theory and practice of histological techniques.
Elsevier health sciences; 2008.

Armitage P, Berry G, Matthews JNS. Statistical methods in medical research.
Wiley; 2008.

Yang W, et al. Enhancing luminescence of ZnO quantum Dots by PEG and
oleic acid via a sol-gel method. J Mater Sci: Mater Electron. 2015,26:1113-8.
Samman WA. An overview of polypharmacology: A multifaceted approach to
drug development. Trop J Pharm Res. 2024;23(7):1215-24.

ChenY, Huang P Wu Y, Liu C. Antimicrobial activity and mechanisms of
carbon quantum Dot decorated modified zinc oxide nanoparticles against
oral pathogenic bacteria. Results Chem. 2024;9:101655.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1007/978-3-031-63357-7_22
https://doi.org/10.1007/978-3-031-63357-7_22
https://doi.org/10.1007/s41207-024-00675-0
https://doi.org/10.1007/s41207-024-00675-0

	﻿Hepatoprotective activity of bio-fabricated carbon quantum dots-decorated zinc oxide against carbon tetrachloride-induced liver injury in male rats
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Materials
	﻿Preparation of carbon quantum dots
	﻿Preparation of nitrogen doped carbon quantum dots doped with zinc (Zn/CQDs)
	﻿Animals
	﻿Experimental diet
	﻿Characterization
	﻿FTIR spectra
	﻿XRD spectra


	﻿Biological study
	﻿Histopathological examination
	﻿Statistical analysis
	﻿Results and discussion
	﻿FTIR spectroscopy
	﻿Morphological properties



