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The aim of our work is a regression of liver fibrosis and cirrhosis by natural products.
Cirrhosis is already a late stage of liver disorders. Our work gives more attention about
natural herbal remedies as a therapy for liver cirrhosis, due to their plentiful source of
antifibrogenic agents as well as their lesser side effects, lower costs, and higher accepta-
bility. Curcumin is a natural compound extractable from turmeric and is widely used in
middle eastern diets. Curcumin has an important role in the modulation of many biologi-
cal mechanisms especially in liver injury. Our work investigates the effect of curcumin
on curing liver damage in its late stages. Refractive index of plasma was measured in
cirrhotic liver, indicating a high value due to the presence of high albumin level com-
pared to normal cases, while after treatment with curcumin, the refractive index retained
its normal value. Liver’s tissue was also investigated spectroscopically using FTIR,
which showed shifts of different bands in diseased tissues that were restored due to cur-
cumin by stabilizing the phosphate group and restoring the normal pattern of hydrogen
bonding. Results also showed an improvement in antioxidant behavior due to curcumin
injection (which can be considered as a therapeutic agent). There is an improvement in
the refraction of plasma because of the reduction of oxidative stress, which improves
protein conformation, and decreased protein aggregation.
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1. Introduction

manent damage of liver tissue. It is a significant factor

Cirrhosis of the liver is a dangerous condition appears for hepatocellular carcinoma. Symptoms of cirrhosis
in the latest stage of disease, involving scarred and per- have increased one and a half to two-folds during the
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past two decades, reporting two million deaths world-
wide every year by chronic liver disease and cirrhosis
[1]. There are four stages of liver cirrhosis: First encloses
certain scarring of the liver, but few symptoms and no
complications. The second involves portal hypertension
and varices. Third development of swelling in the abdo-
men and liver scarring with increasing complications.
And last stage threatening, and people have end-stage
disease, which is fetal without a transplant [2].

Researches give more attention to natural herbal rem-
edies for treating liver cirrhosis, due to their plentiful
source of antifibrogenic agents, beside their low cost and
side effects [1, 3]. Curcumin is the active and important
ingredient from turmeric; beside its role as an ancient
Chinese medicine, it has been identified for its antioxi-
dant and anti-inflammatory effect. It also has a cytotoxic
effect on many cancer cells. Many types of carcinogene-
sis occurred due to oxidative stress and curcumin (cur-
cuminoid compounds) can act as a scavenger of free rad-
icals that reduces peroxidation of lipid [4]. Studies have
shown that it improves systemic markers of oxidative
stress, modulating enzymes activity as Glutathi-
one (GSH), catalase, and Superoxide dismutase (SOD)
by neutralization of free radicals [5]. Many reports re-
vealed that curcumin enhances hepatic detoxification by
increasing glutathione to glutathione disulfide ratio that
reduces oxidative stress and inhibits the activation and
nuclear translocation of nuclear factor kappa-light-chain-
enhancer of activated B cells [6]. Recent studies postu-
lated that curcumin protects against hepatic fibrosis by
inactivating hematopoietic stem cells (HSCs) through
activation of peroxisome proliferator-activated v-
receptor, which interrupts platelet-derived growth factor
and epidermal growth factor signaling in activated HSCs
[71.

Biophysical properties of blood can be assessed to re-

flect the physiological state and function of the liver, such
as the refractive index of plasma and FTIR. The refractive
index of blood is an easy and a widely used diagnostic tool
for clinical applications. It is considered an important fac-
tor which the pathologists are newly interested is the re-
fractive index profile of human blood and urine [8].
Fourier transformer infrared spectroscopy (FTIR) pro-
vides a high-speed, reliable, and powerful modality to
investigate the structure of molecules. FTIR spectrum
shows various absorption bands that arise from different
modes of vibration of molecules as that of the functional
and finger print groups present in biological macromole-
cules. FTIR can be used as a powerful noninvasive diag-
nostic tool for many diseases recently [9-11].

2. Material and methods

2.1. Invivo experiment

Experiments were made on three groups of male albino
rats of average weight 250-500 g (7 rats for each
group). First group is the control group: which received
a normal diet without any additives or injections (Nor-
mal). Second is the cirrhosis group: At which rats were
injected by carbon tetrachloride ccl4 of 1 mg/kg (Induc-
tion). The third group is the treated group: in which rats
were injected with curcumin at 5 ml/kg prior injection
of carbon tetrachloride, and three times after induction
at the second, sixth, and twelfth week (Treatment).

A Fresh blood sample was taken from the rats by the
end of the twelfth week (for all groups) and placed in
anticoagulation tubes. Blood plasma was prepared by
anticoagulating whole blood, which was centrifuged at
a speed of 3000 rpm for 10 min [12]. Plasma was then
investigated optically and spectroscopically. All animal
experiments were performed in accordance with rele-
vant ethical guidelines and regulations for the care and
use of laboratory animals.

2.2. Characterization

1- Refractive index measurement of plasma

The instrument used to measure the refractive index of
the samples is (Abbe) refractometer through which re-
fractive index can be measured directly. The sample is
placed as a thin layer between an illuminating prism and
a refracting prism. The refracting prism has a high re-
fractive index of 1.75; the refractive index of distilled
water is used for calibration. Refractive index of all
plasma groups was measured at room temperature (26 +
0.5 °C) [13].

2- Oxidative Stress Biomarkers (MDA — TAC)

Lipid peroxide, a harmful oxidative product formed
when lipids undergo peroxidation. This process com-
promises cell membrane integrity and contributes to
oxidative stress, causing many implications and various
diseases. Lipid peroxide content in plasma was meas-
ured by the colorimetric method by measuring
malondialdehyde (MDA), which is a byproduct of lipid
peroxidation [14, 15].

Antioxidants are molecules that inhibit or neutralize
the formation of lipid peroxides by scavenging free rad-
icals and enhancing enzymatic defenses like glutathione
peroxidase, which reduces lipid hydroperoxides to non-
toxic alcohols, superoxide dismutase, which converts
superoxide radicals into hydrogen peroxide, and cata-
lase, which breaks down hydrogen peroxide into water
and oxygen. Total antioxidant capacity (TAC) in plas-
ma was measured by the Koracevich colorimetric meth-
od [16].

Statistical analysis of data was analyzed using Mi-
crosoft Excel (mean + SD) for each group. T-test was
used to compare both induction and treatment group to
control group, *p< 0.05 is considered statistically sig-
nificant.

3- FTIR spectroscopy of liver tissue

Animals were scarified for further investigations.
Biopsy from the liver of 2 g was taken from all groups,
rinsed tissue with cold saline to wash them, and put
drops of phosphate-buffered solution (1:5) was added.
Use a homogenizer at a cold temperature and centrifuge
at 3000 rpm for 10 min. Use the supernatant as liver
emulsion [17]. FTIR spectra of freeze-dried liver sam-
ples from all groups were recorded using a spectropho-
tometer in the spectral range 400-4000 cm . Spectrum
of each group was presented as an average value of rec-
orded data and further processed by smoothing to calcu-
late the respective spectral band areas [11, 18]. Various
spectral band areas, band area ratios, as well as band-
width of specific absorption bands were calculated us-
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ing Origin 2018. All experimental procedures on ani-

mals followed the ethical standards.

3. Results and discussion:
1- Refractive index of plasma:

The refractive index of normal plasma recorded an
average of 1.348+0.006. After induction of liver cirrho-
sis, value of refractive index increased to 1.359+0.02,
the wide variation of collected data of the induced dis-
ease indicates disturbance, either by a pronounced in-
crease or decrease with respect to normal values, these
changes can be contributed to disturbances caused in
plasma compositions; either in protein content, or oxy-
gen saturation levels [19-21]. The treatment group that
takes curcumin after induction of disease has shown an
obvious return to normal values with a slight deviation
of 1.355+ 0.0015, indicating curcumin still has a good
effect in preventing the accumulation of byproducts in

plasma, as shown in Fig. 1.

2- Antioxidant content of plasma:

MDA, that is a marker for oxidative stress, has shown a
highly pronounced elevation in values in the induction
group that exceeded ninefolds its normal content value

as present in Table 1. By using curcumin as a treatment,
lipid peroxides (MDA) level decreased effectively, re-
vealing curcumin's antioxidant power for eliminating
reactive oxygen species byproducts [22]. Lipid perox-
ides are markers of oxidative damage, and their accu-
mulation signals a need for antioxidant intervention to
restore cellular balance.
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Fig. 1. Refractive index of plasma for Normal, Induc-
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Table 1. Antioxidant content in plasma for different groups.

Antioxidants Normal Induction Treatment
MDA (nmol/ml) | 57.3+4.58 | 446.18*+86.05 | 192.91*+32.5
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Fig. 2. Average FTIR Spectra of normal (Black), induc-
tion (Red), and treatment (Blue) groups of liver

tissue in 3800 — 2800 cm™
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Fig. 3. Average FTIR Spectra of normal (Black), induc-
tion (Red), and treatment (Blue) groups of liver
tissue in 1800 — 1000 cm™
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The total antioxidant capacity measured after induc-
tion of disease was reduced comparable to its normal
values, while using curcumin enhanced the level of
TAC concentration in plasma, indicating its role in de-
fending the oxidative stress caused by liver cirrhosis.

3 - FTIR Spectrum:

Figure 2 represents the spectrum belonging to the
different groups in the functional group region. It shows
that there is a shift in NH- stretching to lower wave
number in the induction group (3272 cm™) compared to
the control group of (3342 cm™), this shift due to liver
cirrhosis indicates an increase in intermolecular interac-
tions forming more hydrogen bonds yet weaker ones,
while the treatment group reached (3334 cm™). In Fig. 3
which represents the fingerprint region, there is a shift

in the amide | band in the induction group (1635 cm™)
with respect to the control group of 1038 cm-1 and this
is due to more beta sheet contents and aggregation of
protein due to liver cirrhosis [23]. The slight change of
the PO2 asymmetric band in the induction group (1078
cm™) is due to metabolic disorders in phosphate protein
interactions. The presence of symmetric stretching of C-
O (1042 cm™) indicates the adequacy of glycogen con-
tent. The splitting of C-O stretching to two bands, lower
at 1053 cm™ and higher at 1025 cm™ in the induction
group indicates the increase in glycogen content of cir-
rhotic liver cells due the decrease in glycogenolysis
[24]. N-H, Amide I, PO2, and C-O bands in the treat-
ment group with curcumin showed that there is a ten-
dency to approach their normal values, as shown in Ta-
ble 2 and accordingly the normal bond behavior [25].

Table 2. Different bands in FTIR Spectra of normal, induction and treatment groups

of liver tissue in 700 -1 to 4000 cm™

NH-Stretching | Amide | | PO, Asymmetric | C-O stretching
Normal 3342 cm? 1638 cm™ 1077 cm™ 1042 cm™*
Induction 3274 cm™ 1635 cm™ 1078 cm™ 1025, 1053 cm™*
Treatment 3334 cm? 1635 cm™ 1077 cm™ 1033 cm™

4. Conclusion

Liver cirrhosis is a life-threatening disease that can
be treated with natural products as curcumin, to prevent
and may reverse its progression. This conclusion is stat-
ed due to the recorded results that have shown an im-
provement in the refraction of plasma because of reduc-
tion of oxidative stress, improve protein conformation,
and decreased protein aggregation. Curcumin showed
the capability of restoring normal behavior of molecules
as indicated by bands in FTIR (functional and finger-
print regions) by stabilizing the phosphate group and
restore normal hydrogen bonding, or approaching closer
to normal values as indicated by refractive index and
oxidative stress analysis.

References

1. M. Nouri-Vaskeh, A. Malek Mahdavi, H. Afshan, L.
Alizadeh, and M. Zarei, Effect of curcumin supple-
mentation on disease severity in patients with liver
cirrhosis: A randomized controlled trial. Phytother-
apy Research, 34 (2020) 1446-1454.
doi: 10.1002/ptr.6620

2. G. Bereda, Definition, Etiology, Pathophysiology
and Management of Liver Cirrhosis. International
journal of Complementary and Internal Medicine,
1(2022) 6-11, doi: 10.3389/fmed.2023.1060073

3. A. M. Hussein, N. A. Badawy, A. B. M. Mehany,
Effect of Curcumin and Black tea Extract on Breast,
Liver and Colon Cancer Cells, Studying the Effect
of raw Turmeric Powder Hangover on Adsorption of
Heavy Metal. Nat Prod Commun, 19(2024) 1-17.
doi: 10.1177/1934578X241302575.

4. A. R. Buonomo, R.Gentile I, B. AR, The role of
curcumin in liver diseases. Archives of Medical Sci-
ence, 15 (2019) 1608-1620.
doi: 10.5114/a0ms.2018.73596.

5. S.Liu, L. He, L. Liu, B. Cheng, F. Zhou, D. Cao,
A Comprehensive Review on the Benefits and Prob-

lems of Curcumin with Respect to Human Health .
Molecules, 14(2022) 4400.
doi: 10.3390/molecules27144400.

6. A. Hussein, H. Rashed, A. Soliman, F. Fayad, F.
Althobaiti, N. El-Shenawy, Parasitological and Bio-
chemical Efficacy of the Active Ingredients of Alli-
um sativum and Curcuma longa in Schistosoma
mansoni Infected Mice. Molecules, 26 (2021) 4542.
doi: 10.3390/molecules26154542

7. E. A. Mahmoud, A. elbessoumy, hematological and
biochemical effects of curcumin in schistosoma
mansoni infested mice. Assiut Vet Med J, 60 (2014)
184-195. doi: 10.21608/avmj.2014.171016

8. S. Y. El-Zaiat, Interferometric determination of re-
fraction and dispersion of human blood-serum, sali-
va, sweat and urine. Opt Laser Technol, 35 (2003)
55-60. doi: 10.1016/S0030-3992(02)00144-5

9. M. Paraskevaidi, P. L. Martin-Hirsch, and F. L.
Martin, Nanotechnology Characterization Tools for
Biosensing and Medical Diagnosis, Berlin, Heidel-
berg: Springer Berlin Heidelberg, 2018, pp. 163—
211.

10.J. Smok-Kalwat, G. stainis, M. pawel, Serum and
plasma as a good candidates of body fluids for de-
tection lung cancer by FTIR liquid biopsy. Sci Rep,
14 (2024) 31678. doi: 10.1038/s41598-024-81649-8

11.A. B. Abdelrazzak, A. M. Hezma, and G. S. El-
Bahy, ATR-FTIR spectroscopy probing of structural
alterations in the cellular membrane of abscopal liv-
er cells. Biochimica et Biophysica Acta (BBA), 11
(2021) 183726. doi:10.1016/j.bbamem.2021.183726

12.R. Gonzélez-Dominguez, A. Gonzélez-Dominguez,
A. Sayago, and A. Fernandez-Recamales, Recom-
mendations and Best Practices for Standardizing the
Pre-Analytical Processing of Blood and Urine Sam-
ples in Metabolomics. Metabolites, 10 (2020) 229.
doi: 10.3390/metab010060229


https://doi.org/10.1002/ptr.6620
https://doi.org/10.3389/fmed.2023.1060073

International Journal of Theoretical and Applied Research, 2025, 4(2)

13.B. Singh, K. Rajput, S. Dikshit , P. Pandey, C.
Bambole, Consequence of Fibonacci Quasiperiodic
Sequences in 1-D Photonic Crystal Refractive Index
Sensor for the Blood Plasma and Cancer Cells De-
tections. Optical and Quantum Electronics, 54
(2022) 766. doi: 10.1007/s11082-022-04150-4

14.1. Hamed, R. Sherif, E. Sheikh, A. Aldawek, and A.
Shalaby, Protective effect of vitamin C against thi-
amethoxam-induced toxicity in male rats. Open Vet
J, 13 (2023) 1334.
doi: 10.5455/0VJ.2023.v13.i10.13

15. H. Ohkawa, N. Ohishi, and K. Yagi, Assay for lipid
peroxides in animal tissues by thiobarbituric acid re-
action. Anal Biochem, 95 (1979) 351-358. doi:
10.1016/0003-2697(79)90738-3

16.D. Koracevic, G. Koracevic, V. Djordjevic, S. An-
drejevic, and V. Cosic, Method for the measurement
of antioxidant activity in human fluids. J Clin
Pathol, 54 (2001) 356-361.
doi: 10.1016/j.sjbs.2020.11.064

17.1. Thalib, D. AA, H. Shaikh A, H. S. Khan , J.A.
Abdelghany OA , Forensic toxicology of benzodiaz-
epines: neuropharmacological effects, analytical
challenges, and emerging detection strategies . Front
Toxicol, 6 (2022) 357-389.
doi: 10.3389/ftox.2025.1639890

18.0. Bozkurt, S. Haman Bayari, M. Severcan, C.
Krafft, J. Popp, and F. Severcan, Structural altera-
tions in rat liver proteins due to streptozotocin-
induced diabetes and the recovery effect of seleni-
um: Fourier transform infrared microspectroscopy
and neural network study. J Biomed Opt, 17 (2012)
0760231. doi: 10.1117/1.JBO.17.7.076023

19.E. N. Lazareva and V. V Tuchin, Blood refractive
index modelling in the visible and near infrared

spectral regions. J Biomed Photonics Eng, 4 (2018)
35-41. doi: 10.18287/JBPE18.04.010503

20.J. Sumathi, Z. A. Jaleeli, K. A. Jaleeli, and A. Ah-
mad, To Investigate the Refractive Index of Blood
Plasma Suspended in Various Tonicity Solutions.
Journal for Research in Applied Sciences and Bio-
technology, 1 (2022) 216-221.
doi: 10.55544/jrasb.1.3.28

21.R. Marquez-Islas, A. Pérez-Pacheco, R. Quispe-
Siccha, L. B. Salazar-Nieva, and A. Garcia-
Valenzuela, Visual Assessment of Blood Plasma
versus Optical Transmittance and Refractive Index
Measurements for Quantifying Lipemia. Diagnos-
tics, 12 (2022) 510.
doi: 10.3390/diagnostics12020510

22.F. Shakeri, M. Soukhtanloo, and M. H. Boskabady,
The effect of hydro-ethanolic extract of Curcuma
longa rhizome and curcumin on total and differential
WBC and serum oxidant, antioxidant biomarkers in
rat model of asthma. Iran J Basic Med Sci, 20
(2017) 155. doi: 10.22038/ijbms.2017.8241

23.M. C. Crocco, ATR-FTIR spectroscopy of plasma
supported by multivariate analysis discriminates
multiple sclerosis disease. Sci Rep, 13 (2023) 2565.
doi: 10.1038/s41598-023-29617-6

24.N. N. Bezborodkina, S. V Okovityi, and B. N.
Kudryavtsev, Postprandial glycogen content is in-
creased in the hepatocytes of human and rat cirrhotic
liver. Cells, 10 (2021) 976.
doi: 10.3390/cells10050976

25.V. Zohdi, D. R. Whelan, B. R. Wood, J. T. Pearson,
K. R. Bambery, and M. J. Black, Importance of Tis-
sue Preparation Methods in FTIR Micro-
Spectroscopical Analysis of Biological Tissues.
PLo0S One, 10 (2015) 1-11.
doi:10.1371/journal.pone.0116491


https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/j.sjbs.2020.11.064
https://doi.org/10.18287/JBPE18.04.010503
https://doi.org/10.22038/ijbms.2017.8241
https://doi.org/10.3390/cells10050976

