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Abstract

Tamoxifen (TMX) has treated different stages of the breast cancer; although it has several side
effects. This study aimed to investigate the influence of Moringa oleifera aqueous extract
(MOE) on the blood serum of rats injected with TMX through the ultraviolet-visible and
fluorescence spectroscopy techniques, for optimizing the TMX therapy. The absorption spectra
of blood serum were measured using a UV-VIS double beam spectrophotometer over
wavelength range 200—-500 nm. The fluorescence spectra were measured over wavelength range
of 200-700 nm and with wavelength excitations at 278, 539, and 576 nm. The absorbance peak
of TMX was found at 278 nm, which was higher compared to the healthy control, and the MOE
extract supplementation decreased the absorbance peak to be nearly close to the healthy control.
The fluorescent excitations of the blood serum were measured at 278, 539, and 576 nm; the
fluorescence intensity of the TMX was significantly higher compared with the healthy control,
however, the administration of MOE extract in combination with TMX restored the fluorescent
peak of TMX closely to the healthy control. This study suggests that the administration of MOE
extract in combination with TMX in the rats may promote the antioxidant defense mechanism,
which in turn inhibits the generation of different reactive oxygen species, ameliorated the TMX-
induced blood serum constituent’s deterioration.

Introduction

Blood is a significant bio-fluid, and indicates any
pathological changes in the body. The blood analysis
helps to provide early diagnosis and treatment for
diseases [1]. Blood serum has mainly proteins including
albumin and globulin. Serum albumin constitutes 55% of
blood proteins, and maintained the osmotic pressure of
plasma which helps in the transport of lipids and steroid
hormones. Globulins represent 38% of blood proteins and
transport ions, hormones, and lipids assisting in immune
function [2]. The fluorescence of albumin produced from
tryptophan (Trp) residues, with a minor tyrosine residues
depending on the excitation wavelength selected. Trp is a
strongly sensitive to its local environment, and can be
used to reveal changes in the fluorescence emission
spectra due to protein conformational changes, binding to
substrates, and denaturation [3].

Tamoxifen (TMX) is defined as a synthetic non-steroidal
antiestrogen most applied in the chemotherapy treatment
of breast cancer [4]. It has been reported that tamoxifen
produced toxicity to the red blood cells [5], and caused
endometrial cancer in some patients [6]. In addition,
Tamoxifen produced toxicity in human serum albumin of
blood when it bound to it [7].

Absorption spectroscopy can be used for following the
conformational transitions in the proteins and nucleic
acids. UV-visible absorption and fluorescence
spectroscopies are very simple methods to probe the
structural change and to define the complex formation in
solution [8]. The spectroscopic measurements are
strongly responsive, nondestructive, and require only
small amounts from the material for the analysis.
Moringa oleifera leaves were utilized in treatment of
different diseases [9]. Also, Moringa leaves can be
employed for humans and animals treatment [10]; can be
taken as food supplementary [11]. Moringa leaves include
about 27% protein, vitamins and beneficial phytoactives
[12].

Therefore, this study was aimed to investigate the
influence of Moringa oleifera aqueous extract (MOE) on
the blood serum of rats injected with TMX through the
ultraviolet-visible and  fluorescence  spectroscopy
techniques, for optimizing the TMX therapy.

Materials and methods

Herb extraction

Moringa (Moringa oleiféra) herb obtained from a local
supplier (Abd El-Rahman Harraz; Bab El-Khalk zone,
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Cairo, Egypt), and identified by a special botanist at
faculty of pharmacy, Cairo University. The taxonomic
serial number (TSN) of Moringa oleifera is 503874.

Aqueous extract

The MO aqueous extract was prepared according to the
method of Berkovich ef al, [13]. Firstly, the dry leaves of
MO were powdered, and kept dry in an air-tight container
prior to the extraction. Secondly, the aqueous extract of
the powdered herb was prepared in the laboratory by
mixing 50 g of the dry-powdered leaves with 500 ml
boiling distilled water for 15 minutes. The mixture then
filtered through sterile Whitman filter paper number 42
(Whatman International Ltd, Maidstone, England) using a
Buchner funnel. The filtrate was subjected to
lyophilization process through freeze drier (Snijders-
Scientific-tilburg, Holland) under pressure, 0.1- 0.5 mBar
and temperature -35-41°C conditions. The dry extract was
stored in a dark bottle at -40°C until usage.

Phytochemical analysis

Table 1 shows quantitative phytochemical analysis of the
Moringa leaf aqueous extract. The analysis was carried
out for the presence of flavonoids, anthraquinone,
alkaloids, saponins, steroids, terpenoids, cardiac
glycoside, anthocyanin, tannins and carotenoids using the
standard procedures as described by Edeoga ef al, and
Oluduro [14,15].

Table 1. Phytochemical bioactive compounds of

Moringa oleifera aqueous extract.
Phytochemical %
Flavonoid 3.738
Anthraquinone 12.264
Tannins 9.7344
Terpenoids 5.1788
Saponins 1.5622
Carotenoids 1.2876
Alkaloids 3.1314
Anthocyanin 0.0612

Animal and experimental design

Adult male Wistar albino rats (Ratfus norvegicus)
weighting 120-150g were obtained from Animal House,
National Research Centre, Giza, Egypt. The animals were
housed in suitable plastic cages for one week for
acclimation with the new room condition. Excess tap
water and standard rodent food pellets (proteins, lipid,
fibers, NaCl, lysine, methionine, vitamins, salts and
wheat; obtained from Meladco Company, El1-Obour City,
Cairo, Egypt) were always available. All animals were
received human care in compliance with the standard
institutions criteria for the care and use of experimental
animals as cited by animal ethical committee number
FWAO00014747. After animals being acclimatized with
experimental room conditions, they were randomly
divided into three groups (10 animals each) as following:

Group (I): normal rats fed daily normal diet and acting as
control.

Group (II): normal rats fed normal diet and subjected to
daily oral administration of aqueous solution of
(3mg/Kg/3days)  anticancer = chemotherapy  drug
(Tamoxifen  -20mg;  obtained from AMRIYA
Pharmaceutical Industries, Amriya, Alexandria City,
Egypt) for consecutive six weeks to evaluate the drug-
toxic effects [16].

Group (III): normal rats were subjected to daily oral
administration of aqueous extract of Moringa oleifera
(300mg/kg/day) in combination with Tamoxifen
(3mg/kg/3days) for consecutive six weeks. Moringa
extract and Tamoxifen solutions were prepared in
sterilized deionized water

Blood sampling

At the end of the study period, animals were fasted
overnight, and anesthetized, blood specimens (3-7 ml)
were drawn from the retro-orbital plexus using capillary
sterile glass and heparinized tube (single draw vacutainer
needle) into open vacutainer collecting tubes [17]. Blood
specimens were left to clot then centrifuged at 3000 rpm
for 20 minutes using centrifuge (IEC centra-4R,
International Equipment Co., USA). The sera were
separated at once by micropipette, divided into aliquots
and stored at -70°C until spectroscopic measurements
performed as soon as possible.

UV-Visible spectroscopy

Ultraviolet and visible spectroscopy of blood serum
samples were measured using a UV-VIS double beam
spectrophotometer (UV-1601 PC, Shimadzu, Japan; H14
grating UV) through shortwave NIR with optical
resolution of 0.4 nm. Absorbance measurements were
obtained over 200-800 nm at room temperature using
quartz cuvettes (1 cm path length). The cuvettes were
cleaned before each use by sonicating for 5 min in
deionized water followed by rinsing with deionized water
[18].

Fluorescence spectroscopy

Fluorescence characterization of rat blood serum samples
was performed using a FluoroMax-2 JOBAN YVON-
SPEX, Instruments S.A., Inc., France. The fluorescent
emission spectra were recorded and all solutions were
prepared at temperature (25°C). The excitation
wavelengths of blood serum samples were set at Aex =
278, 539 and 576 nm respectively and the samples were
scanned in the range of 200-700 nm. Emission maxima
values were taken as a measure of fluorescence intensity
of blood serum proteins. Measurements were performed
on series of blood serum samples with a 10-mm light path
cuvette [18].
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Results

UV-absorption spectroscopy

Figure 1 shows the blood serum absorption spectra for
control, TMX, and TMX plus MOE treated groups. The
observed absorption maximum at wavelength of 278 nm
was attributed to the blood serum proteins. This peak
might be due to the aromatic amino acids (Trp, Tyr, and
Phe). Figure 1 displayed that the absorbance intensity
peak for TMX was higher when compared to control.
While when MOE injected with TMX, the absorbance

intensity peak decreased to become closed the control.
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Figure 1. UV-visible absorption spectra of blood serum
of rats injected with Tamoxifen and MO extract in the
range 200 — 400 nm.

Fluorescence spectroscopy

The fluorescence emission spectra (counts) of blood
serum of rats in the control, TMX, and TMX plus MOE
treated groups were measured in the wavelength range
100-550nm with excitation wavelength Aex = 278 nm,
(Figure 2). This excitation wavelength induced
autofluorescence in the sample blood serum of all groups
of rats, allowing the observation of tryptophanyl and
tyrosyl residues of the blood serum proteins. It can be
seen from figure 2 that the blood serum proteins have
emission peak at 350 nm. Figure 2 demonstrated that the
fluorescence intensity peak for TMX was slightly higher
when compared to control. While when MOE injected
with TMX, the fluorescence intensity peak tends to
become closed the control.

To observe more details about the interactions of TMX
and TMX+MOE with the serum proteins, figure 3 shows
fluorescence intensity (counts) against wavelength (nm)
for a sample of rat’s blood serum taken from control,
TMX, and TMX plus MOE treated groups at excitation
wavelength Aex =539 nm. The excitation wavelength of
539 nm was used to induce auto fluorescence in a sample
rat’s blood serum of all groups. Figure 3 demonstrated
that the fluorescence intensity peak for TMX was higher
when compared to control. While when MOE injected
with TMX, the fluorescence intensity peak decreased to
become closed the control.
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Figure 2. Fluorescence spectra of blood serum rats

injected with Tamoxifen and MOE extract at excitation
wavelength 278 nm.
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Figure 3. Fluorescence emission spectra of blood serum
of rats injected with Tamoxifen and MO extract at
excitation wavelength 539 nm.
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Figure 4. Fluorescence emission spectra of blood serum
of rats injected with Tamoxifen and MO extract at
excitation wavelength 576nm.
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Figure 4 shows the fluorescence intensity (counts) against
wavelength (nm) for a sample of rat’s blood serum taken
from control, TMX and TMX plus MOE treated groups at
excitation wavelength A =576 nm, the maximum
emission wavelength for wunmodified blood serum
proteins was at 650 nm. The excitation wavelength of
576 nm was used to induce auto fluorescence in a sample
rat’s blood serum of all groups. The fluorescence
intensity peak for TMX was higher compared to control.
Whereas when MOE injected with TMX, the
fluorescence intensity peak decreased nearly to the
control.

Discussion

Tamoxifen (TMX) is a hydrophobic structure assembled
rapidly in phospholipid bilayers of membranes where it is
assumed to stimulate oxidative stress [19]. It was reported
that TMX administration producing a significant
production of lipid peroxidation which might be assigned
to hexose monophosphate shunt; rat liver is strongly
suppressed by high dose of TMX, so that the NADPH
levels inside cells is lowered [20, 21]. Our previous study
(under publication) showed that intoxication with
Tamoxifen only resulted in a significant elevation in
ALAT and ASAT activities as well as urea and creatinine
levels indicating marked TMX-toxicity; one or more
mechanisms could illustrate the TMX-induced disorder; It
was suggested that TMX caused mitochondrial
dysfunction [22] and suppression of the electron transport
chain leading to the formation of ROS which react with
poly unsaturated fatty acid to produce lipid peroxidation
products. These ROS can interact with either micro or
macro bio-structures consequently produced disturbance
in the cellular integrity as well as cellular permeability.
Also, the oxidation process that happens as a result of
TMX intoxication leads to release of iron ions that
become more reactive and cooperate in production of
hydroxyl radicals which are the most active reactive
oxygen species (ROS) and they interact readily with most
cellular components [23].

Moringa oleifera-treated rats were evoked to increase
reduced glutathione level (unpublished data). It was
suggested that aqueous extract of dried M. olerfera leaves
containing 2,  2-diphenyl-1-picrylhydrazyl  with
superoxide, hydroxyl radical scavenging activity favoring
suppression of lipid peroxidation; as well as, phenol and
flavonoids content [24].

As shown in figure 1; administration of TMX alone
causes the highest absorbance peak at 278 nm; this effect
could be attributed to unfolding of the serum proteins as a
consequence to TMX-induced oxidative stress and
production of reactive oxygen species. While the
administration of the TMX and MOE together in the same
time, decreased the absorbance peak observed at 278 nm
to become close to that observed for the normal control;
this could be attributed to the antioxidant and reducing

activities of constituents present in MOE that succeeded
in inhibition of oxidative radicals from reaching the
cellular structures. Our results are in accordance with
those reported by Depciuch et al, Suarez ef al., [25- 27].
A fluorescence study was performed herein to explore the
changes in conformational structure of serum proteins
after administration of TMX; the results confirmed that
TMX has a deteriorative potential on the conformational
structure of serum proteins. Our results are agreed with
the data reported previously [28, 29]. Additionally, the
results of this study proved that the administration of
TMX in combination with MOE lowered the fluorescent
peak intensity close to that of control value. From the
progressive quenching observed in the maximum
fluorescence emission of blood serum proteins, it can be
inferred that the conformational changes are induced by
interactions of TMX with blood serum proteins [30]. The
data revealed that the administration of TMX might
induce the remarkable different degree of unfolding of
serum protein under different degrees of oxidative stress,
which confirmed by the increase in the protein
absorbance. The study outcomes highlights the interaction
of drugs with serum proteins should prove helpful for
realizing the distribution and transportation of drugs in
vivo, elucidating the action, mechanism and dynamics of
a drug at the molecular level. Moreover, it will give better
understand for pharmacokinetic and pharmacodynamics
mechanisms of the drug [31]. These findings might
promote the effective use of tamoxifen in the cancer
therapy to eliminate its dose dependent side effects [32].
Combination of MOE with TMX significantly increased
the antioxidant status, while decreasing lipid peroxides
and oxidative stress (under publication). The results
obtained suggest the importance of therapeutic co-
administration of antioxidants along with conventional
drug to breast cancer patients [33]. TMX is a molecule
likely to assemble in membrane lipid and protein moieties
in route to its target site [34]. The interaction forces
between biomolecules and the drug may include
hydrophobic forces, electrostatic interactions, van der
Waals interactions, hydrogen bonds, etc. It was reported
that the interaction process between TMX and serum
albumin is spontaneous and the interaction force between
them is hydrophobic force [35- 37]. In a previous study,
curcumin shifted the TMX-albumin binding affinity
consequently, a precaution is required in case of curcumin
usage together with TMX [7]; while in the present study,
MOE performed a protective role for the serum proteins
and prevent toxicity caused by tamoxifen binding without
influencing on the efficiency of TMX in treatment of
breast cancer.

Conclusion

This study suggests that aqueous extract of Moringa is
strongly antioxidant agent that performs its antioxidant
potential through free radicals scavenging mechanism.
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Also, it possesses a protective potential against TMX-
induced toxicity. MOE returns the proteins to its native
state without influencing on the efficiency of TMX in
treatment of breast cancer. On the other hand, this study
reported that Moringa neglect or cancels the toxicity
caused by tamoxifen without interfering with tamoxifen
binding site on the protein. Therefore, this study
recommended the use of MOE together with TMX in
breast cancer treatment as a dietary or food supplements.

References

13.

14.

15.

16.

Zhao Z. M., Xin Y. J., Wang L. X., Zhu, W. H., Zheng, M., & Guo, X:
Measurement and analysis of absorption spectrum of human blood.
Guang pu xue yu guang pu fen xi= Guang pu 2008; 28(1): 138-140.
Mazzaferro E. M., Rudloff E., Kirby R: The role of albumin replacement
in the critically ill veterinary patient. Journal of Veterinary Emergency
and Critical Care 2002; 12(2): 113-124.

Togashi D. M., RyderA. G., Mc MahonD., Dunne P., McManusJ:
Fluorescence study of bovine serum albumin and Ti and Sn Oxide
nanoparticles interactions. In European Conference on Biomedical Optics.
Optical Society of America 2007; 6628-61.

Jordan VC: Long-term adjuvant tamoxifen therapy for breast cancer.
Breast cancer research and treatment 1990; 15(3):125-36.

Silva MC, Madeira VM, Almeida LM, Custodio JB: Hemolysis of human
erythrocytes induced by tamoxifen is related to disruption of membrane
structure. Biochimica et Biophysica Acta (BBA)-Biomembranes 2000;
1464(1):49-61.

Bland AE, Calingaert B, Secord AA, Lee PS, Valea FA, Berchuck A,
Soper JT, Havrilesky L: Relationship between tamoxifen use and high
risk endometrial cancer histologic types. Gynecologic oncology 2009;
112(1):150-4.

Macigzek-Jurczyk M, Maliszewska M, Pozycka J, Rownicka-Zubik J,
Gora A, Sutkowska A: Tamoxifen and curcumin binding to serum
albumin. Spectroscopic study. Journal of Molecular Structure 2013;
1044:194-200.

HuY.J, Liu Y., Wang J. B., Xiao X. H., Qu S. S: Study of the interaction
between monoammonium  glycyrrhizinate and bovine serum
albumin. Journal of Pharmaceutical and Biomedical Analysis 2004; 36(4):
915-919.

Ezeamuzle 1.C., AmbadederomoA.W., ShodeF.O., Ekwebelem S.C: Anti-
inflammatory effects of Moringaoleifera root extract. Int. J. Pharm 1996;
34:207-212.

Pari L., Kumar N.A: Hepatoprotective activity of Moringa oleifera on
antitubercular drug-induced liver damage in rats. J. Med. Food 2002; 5:
171-177.

Faizi S., SiddiquiB.S., SaleemR., SiddiquiS., AftabK., Gilani A. H: Fully
acetylated carbamateand hypotensive thiocarbamate glycosides from
Moringaoleifera. Phytochemistry 1995; 38: 957-963.

Anand K., Gengan R.M., Phulukdaree A., Chuturgoon A: Agroforestry
waste Moringa oleifera petals mediated green synthesis of gold
nanoparticles and their anti-cancer and catalytic activity. J Ind Eng Chem
2015;21: 273-279.

Berkovich L., Earon G., Ron I, Rimmon A., Vexler A., Lev-Ari S:
Moringa Oleifera aqueous leaf extract down-regulates nuclear factor-
kappaB and increases cytotoxic effect of chemotherapy in pancreatic
cancer cells. BMC complementary and alternative medicine 2013; 13(1):
212.

Edeoga H.O., Okwu D.E. and Mbaebie B.O: Phytochemical constituents
of some Nigerian medicinal plants. African Journal of Biotechnology
2005; 4 (7): 685-688.

Oluduro A.O: Evaluation of antimicrobial properties and nutritional
potentials of Moringa oleifera Lam. leaf in South Western Nigeria.
Malaysian Journal of Microbiology 2012; 8(2): 59-67.

Pala S., Atilgan R., Ozkan Z. S., KavakS. B., Ilhan N., Akpolat N.,
Sapmaz E: Effect of varying doses of tamoxifen on ovarian

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

histopathology, serum VEGF, and endothelin 1 levels in ovarian
hyperstimulation syndrome: An experimental study. Drug Des Devel
Ther2015; 9: 1761-6.

Paget G.E., Thomson R: Standard operating procedures in toxicology.
MTP Press limited, Lancaster, England; 1979.

Abdelhalim M. A. K., MadyM. M., Ghannam M. M: Physical properties
of different gold nanoparticles: ultraviolet-visible and fluorescence
measurements. J Nanomed Nanotechol 2012; 3(3): 178-194.

Gundimeda U., Chen Z.H.,GopalakrishnaR: Tamoxifen modulates protein
kinase C via oxidative stress in estrogen receptor-negative breast cancer
cells.Journal of biological chemistry1996; 271:13504-13514.

Stanle, S.M., Markman H.J., Prado L.M., Olmos-Gallo P.A., TonelliL.,
Peters M.S., Whitton S.W: Community-based premarital prevention:
Clergy and lay leaders on the front lines. Family Relations. An
Interdisciplinary Journal of Applied Family Studies2001; 50(1):67-76.
El-Beshbishy H.A: Hepatoprotective Effect of Green Tea (Camellia
sinensis) Extract against Tamoxifen-induced Liver Injury in Rats. Journal
of Biochemistry and Molecular Biology2005; 38:563-570.

Patel V., Sanyal A.J: Drug-induced steatohepatitis. Clinical Liver Disease
2013; 17(4):533-546.

Ostrowska J., Luczaj W., Kasacka IL.,zanski A., Skrzydlewska E: Green
tea protects against ethanol induced lipid peroxidation in rat organs.
Alcohol 2004; 32: 25-32.

Dasgupta N., De B: Antioxidant activity of some leafy vegetables of
India: a comparative study. Food Chemistery2007; 101: 471- 474.
Depciuch J., Parlinska-Wojtan M: Qualitative and quantitative changes in
phospholipids and proteins investigated by spectroscopic techniques in
olfactory bulbectomy animal depression model. Journal of Pharmaceutical
and Biomedical Analysis 2018; 148: 24-31.

SuarezG., Santschi C., Slaveykova V. I, Martin O. J: Sensing the
dynamics of oxidative stress using enhanced absorption in protein-loaded
random media. Scientific reports 2013; 3.

Suarez G., Santschi C., Plateel G., Martin O. J., Riediker M: Absorbance
enhancement in microplate wells for improved-sensitivity biosensors.
Biosensors and Bioelectronics 2014; 56: 198-203.

Wang F., Huang W., Dai Z: Spectroscopic investigation of the interaction
between riboflavin and bovine serum albumin. Journal of Molecular
Structure 2008;875(1): 509-514.

Held P: An introduction to reactive oxygen species measurement of ROS
in cells. BioTek Instruments Inc., Application Guide; 2012.

Ghisaidoobe A. B., Chung S. J: Intrinsic tryptophan fluorescence in the
detection and analysis of proteins: a focus on Forster resonance energy
transfer techniques. International journal of molecular sciences 2014;
15(12): 22518-22538.

Sarzehi S., Chamani J: Investigation on the interaction between tamoxifen
and human holo-transferrin: Determination of the binding mechanism by
fluorescence quenching, resonance light scattering and circular dichroism
methods. International journal of biological macromolecules 2010; 47(4):
558-569.

Kazanci N., Severcan F: Concentration dependent different action of
tamoxifen on membrane fluidity. Bioscience reports 2007; 27(4-5): 247-
255.

Yuvaraj S., Premkumar V. G., Vijayasarathy K., Gangadara, S. G. D.,
Sachdanandam P: Augmented antioxidant status in Tamoxifen treated
postmenopausal women with breast cancer on co-administration with
Coenzyme QI10, Niacin and Riboflavin. Cancer chemotherapy and
pharmacology 2008; 61(6): 933-941.

Custodio J. B. A., Almeida L. M., Madeira V. M. C:The anticancer drug
tamoxifen induces changes in the physical properties of model and native
membranes. Biochim. Biophys. Actal993; 1150: 123-129.

Ross P.D., Subramanian S: Thermodynamics of protein association
reactions: forces contributing to stability. Biochemistryl1981; 20: 3096-
3102.

Ling Z., Xiaoyan L., Haixia Z: Interaction of tamoxifen citrate with
salmon sperm DNA and bovine serum albumin. Science paper
Online2010; 12: 011.

Hu Y.J., Yu H.G.,DongJ.X.,Yang X.,LiuY: Spectroscopic studies on the
interaction between 3, 4, 5-trimethoxybenzoic acid and bovine serum
albumin. Spectrochim. Acta, Part A 2006; 65: 988-992.

64



