
J Biomed Phys Eng

Modulation of Ionizing Radiation-Induced 
Apoptosis by Taurine in Human Peripheral 
Blood Lymphocytes: Flow Cytometry-based 
Quantification

Shahab Faraji (MSc)1 , Mohsen Rajaeinejad (MD)2, Hamed 
Bagheri (PhD)1,2* , Mohammad Afshar Ardalan (MD)2,  
Hossein Moutabian (PhD)2, Faramarz Ehsani (BSc)2,  
Mohammad Pourarjmand (MSc)2, Samira Sadat Mirshafieyan 
(MSc)1, Farshid Alazamani (PhD)2, Susan Cheraghi (PhD)1

1Radiation Biology Re-
search Center, Iran Uni-
versity of Medical Sci-
ence (IUMS), Tehran, Iran
2Radiation Sciences Re-
search Center (ARSRC), 
Aja University of Medical 
Sciences, Tehran, Iran

*Corresponding author: 
Hamed Bagheri 
Radiation Sciences Re-
search Center (ARSRC), 
Aja University of Medical 
Sciences, Tehran, Iran
E-mail: hamed_parto@
yahoo.com
Received: 8 August 2023
Accepted: 7 January 2024

Introduction

High-energy photon beams can indirectly cause damage to liv-
ing cells through various quantum phenomena, including the 
photoelectric effect, Compton scattering, and Auger effect. As 

the human body consists of over 60% water, the free radicals, produced 
by the breakdown of water molecules during radiation exposure, can 
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ABSTRACT
Background: Radiotherapy, a highly effective method of radiation-based treating 
cancers, can reduce the size of tumors and affect healthy tissues. Radiation-induced 
lymphopenia as a side effect of radiation therapy can reduce the effectiveness of the 
treatment. 
Objective: This study aimed to examine how taurine can protect peripheral blood 
lymphocytes from radiation-based apoptosis.
Material and Methods: In this experimental study, the effects of the taurine 
on lymphocytes were studied, and blood samples were divided into three groups: a 
negative control group that was not treated, a positive control group that was treated 
with cysteine (100 μg/ml), and a group that was treated with taurine (100 µg. mL-1) 
in three different doses (4, 8 & 12 Gy) before irradiation. The percentage of apoptotic 
and necrotic lymphocytes was measured using flow cytometry 48 and 72 hours after 
the irradiation, respectively. 
Results: According to the groups treated with taurine, the number of lymphocytes 
undergoing apoptosis was lower and higher compared to the negative and positive 
control groups, respectively. The decrease in this value was more pronounced 48 hours 
after radiation compared to 72 hours. Furthermore, there was a slight increase in the 
number of apoptotic lymphocytes with increasing radiation dose.  
Conclusion: Taurine effectively protects human peripheral blood lymphocytes 
from radiation-based apoptosis.
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interact with vital cellular components, lead-
ing to significant disruption of cell function 
[1]. On the other hand, radiotherapy remains 
a powerful treatment option for tumors, with 
advantages over chemotherapy or surgery. 
However, radiotherapy can negatively impact 
neighboring healthy tissues, leading to the 
necessitation of dose limitation to minimize 
harm. Accordingly, the utilization of radiation 
sensitizers, mitigators, or protectors with bio-
logical properties can overcome this limitation 
and reduce the adverse effects of radiation on 
healthy tissues while maintaining therapeutic 
effectiveness against tumors [2, 3]. Lympho-
cytopenia, a common side effect of radiothera-
py in cancer patients, can be misleading when 
evaluating the response to cancer treatment as 
an unfavorable prognostic marker [4]. Radia-
tion has a range of biological effects on cells, 
and one of the most significant outcomes is 
cell death, resulting in the loss of reproductive 
ability. Additionally, highly differentiated cells 
like neurons and myocytes can experience a 
decrease in metabolic activity following radi-
ation exposure. Radiation-induced cell death 
can occur through two primary mechanisms: 
(A) mitotic catastrophe, the most common 
mechanism in most cell types when exposed 
to radiation, and (B) apoptosis, in specific 
types of irradiated cells, such as hematopoi-
etic and lymphoid cells. Apoptosis refers to 
programmed cell death, where cells undergo a 
controlled and regulated self-destruction pro-
cess in response to various signals, including 
radiation-induced damage [5]. Lymphocytes 
are the most radiation-sensitive and rapidly 
decline in number due to apoptosis [6]. Many 
factors can intensify or attenuate the Ionizing 
Radiation (IR) effects on cell damage [1]. Ra-
dioprotective agents are administered before 
irradiation to minimize the harmful effects 
of radiation on cells and are also structurally 
diverse with different mechanisms to neutral-
ize radiation-induced cell injuries [7]. Anti-
oxidants, one of the most commonly reported 
agents, can be considered radioprotection due 

to interrupting free radical chain reactions [8-
11]. Taurine is a natural amino acid in many 
tissues with cytoprotection against oxidative 
stress by attenuating apoptosis [12]. Taurine’s 
antioxidant effect [13-19] and its radioprotec-
tive activity have been investigated in sev-
eral studies [20-23]. While taurine does not 
directly scavenge Reactive Oxygen Species 
(ROS), it exerts a significant inhibitory effect 
on ROS generation, effectively reducing their 
levels in biological systems [24]. In the pres-
ent study, the influence of taurine is assessed 
on cell death induced by radiation in human 
peripheral blood lymphocytes with the Flow 
Cytometry (FCM) method for analysis.

In summary, Taurine is widely recognized 
as a potent radioprotective agent due to the 
reduction of radiation-induced apoptosis at a 
concentration of 100 μg/ml. Additionally, tau-
rine demonstrates significant efficacy in scav-
enging ROS at physiological concentrations 
and also a protective effect on lymphocytes by 
regulating the production of pro-inflammatory 
cytokines. Moreover, it is important to note 
that taurine does not exhibit any detrimental 
effects on lymphocyte cells, highlighting its 
favorable safety profile.

Material and Methods

Chemical Reagents 
In this experimental study, 2-aminoeth-

anesulfonic acid (Taurine), L-cysteine, 
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H 
tetrazolium bromide (MTT), 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical, trypan blue 
dye, and Dimethyl Sulfoxide (DMSO) were 
obtained from Sigma-Aldrich or Merck. Ro-
swell Park Memorial Institute medium (RPMI-
1640), which contains Fetal Bovine Serum 
(FBS), phosphate-buffered saline (PBS), and 
penicillin-streptomycin, was prepared from 
Biowest (France). Ficoll-Hypaque solu-
tion and Red Blood Cell (RBC) lysis buffer 
(1X) were purchased from DNAbiotrch and 
Kiazist companies (Iran), respectively. The  
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staining kit, including Fluorescein Isothiocya-
nate (FITC) and annexin V/Propidium Iodide 
(PI), was provided by Hoffmann-La Roche 
Ltd. (Switzerland).

Blood Sampling 
Blood samples were collected from volun-

teers who provided informed consent. The 
samples were collected in heparinized tubes to 
prevent clotting. The volunteers were careful-
ly selected and met specific criteria: they were 
non-smokers, non-alcoholic, not currently tak-
ing any medication or supplements, free from 
any known diseases, and had no history of re-
cent exposure to IR within the last month. The 
age range of the volunteers was between 20 
and 25 years old.

Isolation of Peripheral Blood 
Mononuclear Cell (PBMC) from Whole 
Blood

Peripheral Blood Mononuclear Cells 
(PBMCs) were insulated by Ficoll-Hypaque 
gradient centrifugation—field [25], which 
Arne Boyum first described in 1968 [26]. The 
collected blood containing anticoagulant was 
diluted with equal PBS and layered carefully 
over Ficoll-Hypaque solution without inter-
mixing. The upper layer was composed and 
discarded after centrifugation (3000 rpm with 
monitoring room temperature for 30 min). The 
interface layer was contained in a new centri-
fuge tube, washed twice with PBS, and cen-
trifuged (1500 rpm, 10 min) once for further 
purification. The trypan blue dye exclusion 
test examined the viability of cell suspension, 
and a hemocytometer counted the number of 
viable cells.

DPPH Radical Scavenging Assay
The DPPH free radical assay assessed the 

free radical-scavenging capacity of the Tau-
rine & cysteine, following the method report-
ed by Br &-Williams et al. [27]. Accordingly, 
the different concentrations of each substance 
(100, 200, 300, 400, and 500 µg. mL-1) were 

prepared in 100 µL DMSO. Then, 1900 µL of 
DPPH reagent was added to each sample. The 
mixtures were incubated at room temperature 
in darkness for 20 min. Then, all models were 
centrifuged (12,000 rpm, 2 min), and their 
related absorbance was measured at 517 nm 
by a spectrophotometer. The control samples 
included 100 µL DMSO and 1900 µL DPPH 
reagent. Cysteine was also used as a standard 
antioxidant agent [28].

The percentage of free Radical-Scavenging 
Activity (RSA) was calculated as follows:

RSA%=[(Ācontrol−Asample)/Ācontrol]×100 
where, Ācontrol was the average of control ab-

sorbance, and A sample was the absorbance of 
the test sample.

Cell Viability Assay
The MTT study investigated the effect of 

cytotoxicity of Taurine on lymphocytes [29]. 
PBMCs were seeded at 10,000 cells per well 
in 96-well plates. After 24 hours of incuba-
tion, different concentrations of Taurine (25, 
50, 100, 200, 300, 400, 500, and 1000 mM) 
were added to the plates with eight replicates 
each. The plates were then incubated at 37 °C 
in 5% CO2 for 24, 48, and 72 hours. After each 
incubation, the culture medium was removed, 
and the cells were washed twice with 1 mL 
of PBS. 100 μL of MTT stock solution (0.5 
mg/mL, in PBS) was added to each well, and 
the plates were incubated for 4 hours under the 
previous conditions. The plates were centri-
fuged (3000 rpm for 5 min), and the superna-
tant was removed. Next, 100 μL of DMSO was 
added to each well, and the plates were gently 
agitated to dissolve the formed formazan crys-
tals. Finally, the absorbance of the plates was 
measured at a wavelength of 570 nm. Taurin 
solvent was the only control substance. As per 
the following calculation, the percentage of 
relative cell survival was calculated:

Relative cell survival (%)=(Āsample−Ācontrol)×100 
where, Āsample was the average test optical 

density, and Ācontrol was the control optical den-
sity at 570 nm.
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The controls contained only Taurine solvent.

Irradiation conditions 
To investigate the cytoprotective effect of 

Taurine against IR, a medical linear accelera-
tor (Elekta Compact model, Sweden) was used 
to irradiate both the control and treated blood 
samples, using 6 MV X-rays at a dose rate of 
2 Gy/min. The Source-to-Surface Distance 
(SSD) was set at 100 cm, and the Monitor 
Unit (MU) was adjusted to deliver a dose of 
100 cGy. The samples were irradiated at room 
temperature with doses of 4, 8, and 12 Gy.

FCM is used to evaluate Apoptotic 
Cells using FITC-Annexin V & PI 
Staining

The blood samples were divided into differ-
ent groups to investigate the radioprotective 
effect of Taurine on radiation-induced apopto-
sis in human peripheral blood lymphocytes, as 
follows:

Group I. treated with Taurine solvent with-
out irradiation and incubated for 48 hours, 
Group II. treated with Taurine solvent, irradi-
ated at 4 Gy and set for 48 hours, Group III. 
treated with Taurine (100 µg. mL-1), irradiated 
at 4 Gy, and incubated for 48 hours, Group 
IV. treated with cysteine (100 µg. mL-1), ir-
radiated at 4 Gy, and incubated for 48 hours, 
Group V. treated with Taurine solvent, irradi-
ated at 8 Gy, and set for 48 hours, Group VI. 
treated with Taurine (100 µg. mL-1), irradiated 
at 8 Gy, and incubated for 48 hours, Group 
VII. treated with cysteine (100 µg. mL-1), ir-
radiated at 8 Gy, and incubated for 48 hours, 
Group VIII. treated with Taurine solvent, ir-
radiated at 12 Gy, and set for 48 hours, Group 
IX. treated with Taurine (100 µg. mL-1), irra-
diated at 12 Gy, and incubated for 48 hours, 
Group X. treated with cysteine (100 µg. mL-

1), irradiated at a dose of 12 Gy, and incubated 
for 48 hours, Group XI. treated with Taurine 
solvent and set for 72 hours without irradia-
tion, Group XII. treated with Taurine solvent, 
irradiated at 4 Gy, and arranged for 72 hours, 

Group XIII. treated with Taurine (100 µg. 
mL-1), irradiated at 4 Gy, and incubated for 72 
hours, Group XIV. treated with cysteine (100 
µg. mL-1), irradiated at 4 Gy, and incubated 
for 72 hours, Group XV. treated with Tau-
rine solvent, irradiated at 8 Gy, and set for 72 
hours, Group XVI. treated with Taurine (100 
µg. mL-1), irradiated at 8 Gy, and incubated for 
72 hours, Group XVII. treated with cysteine 
(100 µg. mL-1), irradiated at 8 Gy, and incu-
bated for 72 hours, Group XVIII. treated with 
Taurine solvent, irradiated at 12 Gy, and set 
for 72 hours, Group XIX. treated with Tau-
rine (100 µg. mL-1), irradiated at 12 Gy, and 
incubated for 72 hours, and Group XX. treat-
ed with cysteine (100 µg. mL-1), irradiated at 
12 Gy, and incubated for 72 hours.

In a 1.5 ml microtube, a total of 12 μl of 
freshly collected blood was mixed with RPMI-
1640 medium supplemented with 10% FBS 
and 1-5% penicillin-streptomycin. The culture 
medium containing 100 μg of Taurine or cys-
teine was a positive control, and negative con-
trols only had a complete cultural medium. All 
prepared samples were left in the 5% CO2 in-
cubator at 37 °C for 1 hour before irradiation. 
One of the control groups was not irradiated 
to determine the effect of IR on lymphocytes. 
The samples and controls were incubated for 
48 and 72 hours after irradiation. Using RBC 
lysis buffer and centrifugation, erythrocytes 
were lit before FCM analysis. Then, the sedi-
ment cells are suspended in a 100 µL staining 
buffer. Annexin V-FITC and PI (5 and 10 µL) 
were added to each cell suspension. Finally, 
differential cell counting and viability analy-
sis were performed by an FCM instrument. 
Three control groups were prepared for the 
flow cytometry analysis: unstained cells, An-
nexin V-only stained cells, and PI-only stained 
cells. Based on the analysis, the quadrants 
were identified as follows: 1) lower left quad-
rant, with positive cells for both Annexin V 
and PI staining, 2) lower right quadrant with 
positive cells for Annexin V staining but nega-
tive for PI staining; this quadrant represents 
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early-apoptotic lymphocytes, showing cells 
with externalized phosphatidylserine and in-
tact cell membranes, 3) upper right quadrant, 
with positive cells for both Annexin V and 
PI staining with late-apoptotic lymphocytes, 
indicating cells with further progression in 
the apoptotic process and compromised cell 
membranes, and 4) upper left quadrant, with 
negative cells for Annexin V staining but posi-
tive for PI staining. Necrotic lymphocytes are 
typically in this quadrant, indicating cells with 
compromised membrane integrity.

Flow cytometry analysis can identify differ-
ent cell populations, such as live, early-apop-
totic, late-apoptotic, and necrotic lympho-
cytes, by analyzing the staining patterns and 
their location in the quadrants of Annexin V 
and PI. This technique can lead to the precise 
characterization of cell states based on their 
specific staining characteristics in flow cytom-
etry analysis.

Statistical Analysis 
Unpaired two-tailed t-tests were conducted 

using Microsoft Excel software (version 19) to 

compare the means of two samples. A signifi-
cance level of P<0.005 was used to determine 
statistical significance in this analysis.

Results

Evaluation of In vitro Antioxidant 
Activity

The change in the RSA percentage was plot-
ted against concentrations 100-500 µg. mL-1 
for both Taurine and cysteine. The graphs in-
dicated a linear relationship with a mild slope 
between the RSA percentage and the changes 
in concentration of both Taurine and cyste-
ine (Figure 1). The best-fit linear equations 
and coefficients of determination resulted as  
follows:
RSA(%)=-0.02 C(µg. mL-1)+23(R2=0.9912)         Eq(1)
RSA(%)=0.04 C(µg. mL-1)+62.5(R2=0.9943)       Eq(2) 

As shown in the diagrams, unlike cysteine, 
Taurine’s DPPH radical scavenging capacity 
decreases with increasing concentration. Also, 
the values of the RSA percentage for taurine 
are higher than for cysteine at all concentra-
tion points.

Figure 1: The scavenging effect of different concentrations of Taurine (...) & cysteine (---) on 
DPPH radical at 517 nm. The number of examined samples in each engagement is equal to 3. 
Dots have covered the standard deviations due to their small magnitude. (DPPH: 2-diphenyl-
1-picrylhydrazyl, RSA: free radical-scavenging activity)
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Cytotoxicity-MTT Assay
Figure 2 presents the percentage of lympho-

cyte viability at different time points (24, 48, 
and 72 hours) following treatment with vary-
ing concentrations of Taurine, up to 1 M(mol). 
The findings indicate that increasing the con-
centration of Taurine beyond 100 μM can 
lead to decreasing lymphocyte viability of the 
experimental group at both 48 and 72 hours. 
However, viability statistically significantly 
reduced at concentrations of 1000 mM after 
24 hours and above 300 mM between 48 and 
72 hours. Nevertheless, it is worth noting that 
the viability of lymphocytes remains above 
85%, indicating that Taurine exhibits low tox-
icity towards human blood lymphocytes.

Ex-vivo Quantification of Apoptotic 
Cells Using FCM

Figures 3 and 4 display the percentages of 
apoptotic lymphocytes in non-irradiated sam-
ples at 48 and 72 hours post-irradiation, and 
the percentages of apoptotic lymphocytes are 
relatively low in the non-irradiated samples, 
with average values of 3.68% at 48 hours and 
5.19% at 72 hours.

As the radiation dose escalates from 4 to 12 
Gy, the percentages of apoptotic lymphocytes 
gradually increase in the irradiated samples at 
both time points. At 48 hours post-irradiation, 
the percentages of lymphocyte viability were 
38.54%, 40.49%, and 44.09% for doses of 4, 
8, and 12 Gy, respectively. Similarly, at 72 
hours post-irradiation, the percentages were 
40.61%, 42.91%, and 45.62% for doses of 4, 
8, and 12 Gy, respectively.

Treatment of the samples with Taurine leads 
to a decrease in the percentage of apoptotic 
lymphocytes at both time points, which is 
more pronounced at 48 hours post-irradiation 
compared to 72 hours for all three doses. At 
48 hours post-irradiation, the percentages are 
reduced to 13.15%, 15.96%, and 18.76% for 
doses of 4, 8, and 12 Gy, respectively. At 72 
hours post-irradiation, the percentages are 
reduced to 22.93%, 25.87%, and 27.31% for 
doses of 4, 8, and 12 Gy, respectively. The 
decline in the percentages of apoptotic lym-
phocytes was also more significant for cyste-
ine-treated samples than for Taurine -treated 
(6.69, 6.91, and 7.87 for 48 hours and 8.18, 
9.31, and 12.24 for 72 hours post-irradiation 

Figure 2: Different Taurine concentrations (25-1000 mM) affect lymphocyte viability after 24, 
48, & 72 hours of incubation using MTT assay. Data are expressed as the means of eight rep-
licate experiments with error bars. *P≤0.005 compared to controls (untreated groups) (MMT: 
3-(4,5-Dimethylthiazol-2-Yl)-2,5-Diphenyltetrazolium Bromide)
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Figure 3: Effect of Taurine on radiation-induced apoptosis in lymphocytes & comparison with 
controls after 48 hours post-radiation. The percentages of apoptotic lymphocytes are depicted 
as a histogram with standard deviations at three doses of 4, 8, & 12 Gy for four sample groups: 
non-irradiated & untreated, untreated with irradiation (negative control), cysteine-treated with 
irradiation (100 µg. mL-1; positive control), & Taurine -treated with irradiation (100 µg. mL-1)

Figure 4: Effect of Taurine on radiation-induced apoptosis in lymphocytes & comparison with 
controls after 72 hours post-radiation. The percentages of apoptotic lymphocytes are depicted 
as a histogram with standard deviations at three doses of 4, 8, & 12 Gy for four sample groups: 
non-irradiated & untreated, untreated with irradiation (negative control), cysteine-treated with 
irradiation (100 µg. mL-1; positive control), & Taurine -treated with irradiation (100 µg. mL-1)

at 4, 8, and 12 Gy, respectively). The percent-
age of apoptotic lymphocytes as a function of 
radiation dose( both times in the presence and 
absence of Taurine and cysteine) has been sep-
arately plotted in Figure 4. The background 
values (non-irradiated and untreated samples) 
have been subtracted from the data shown in 

the graph Figures 5-7.

Discussion
Developing radioprotective agents is an on-

going and important topic in radiation pro-
tection. Individuals can be exposed to IR in 
various circumstances, such as patients under-
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going radiotherapy or nuclear imaging for di-
agnostic or therapeutic purposes, or those who 
receive high doses of IR in nuclear incidents 
[30]. The radioprotective agents are needed to 
be developed from the diverse situations, in 
which individuals may encounter IR, empha-
sizing the ongoing relevance and significance 
of this field in radiation protection [7]. Taurine 

is a natural compound with broad protective 
and therapeutic actions, which is suitable for 
human applications, unlike most synthetic ra-
dioprotectors, with high toxicity [7, 31]. The 
evaluation of Taurine’s ability to scavenge 
DPPH free radicals, compared to cysteine, re-
vealed that Taurine is not as potent as cyste-
ine in terms of radical scavenging. Cysteine, 

Figure 6: Effect of Taurine & cysteine on radiation-induced apoptosis in lymphocytes as cyto-
grams at three doses of 4, 8, & 12 Gy after 48 hours post-irradiation. Non-irradiated & untreated 
(A), untreated with irradiation (B, E & H), Taurine-treated with irradiation (C, F & I), & cysteine-
treated with irradiation (D, G & J).

Figure 5: The percentage of apoptotic lymphocytes as a function of dose & comparison of the 
presence or absence of Taurine (100 µg. mL-1) & cysteine (100 µg. mL-1) on the frequency of 
apoptosis induced by various doses of X-rays after 48 & 72 hours post-irradiation. Data are pre-
sented as mean values with standard errors. Background values (non-irradiated & untreated 
samples) are subtracted from each point shown on the graph.
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containing a thiol group, exhibited greater 
strength in this regard. However, the differ-
ence in scavenging ability between Taurine 
and cysteine was minimal at a concentration 
of 100 µg/mL, showing a weaker interaction 
between Taurine and DPPH radicals compared 
to cysteine and DPPH radicals due to the in-
direct antioxidant effect of Taurine within the 
concentration range of 0.8-4 mM. Neverthe-
less in vitro studies have demonstrated that 
Taurine effectively scavenges ROS at physi-
ological concentrations [32]. The Taurine tox-
icity in lymphocytes was examined by MTT 
assay up to the attention of 1 M of Taurine at 
24, 48, and 72 hours after incubation. No sig-
nificant difference was observed between the 
control and Taurine-treated groups at a con-
centration of 100 µg/mL across all three time 
points, presenting that Taurine does not have 
a toxic effect on lymphocyte viability at this 
concentration. It is worth noting that the cur-
rent study was conducted within the safe con-
centration range of Taurine in human plasma 
[33]. Various methods have been used to detect 
apoptosis based on morphological changes or 

dysfunction of different cell parts [34]. FCM 
is a rapid and dependable technique for count-
ing and sorting cells or particles based on their 
specific physical and biochemical character-
istics, leading to the quantitative analysis of 
different cell populations, for the distinction 
between viable, apoptotic, and necrotic cells 
[35]. FCM also provides valuable insights by 
quantitative measurements and the identifica-
tion of specific cell populations based on their 
unique features [36]. Whole blood samples in 
three groups were irradiated at doses: 4, 8, and 
12 Gy using a linear accelerator as an X-ray 
source. In the current study, the impact of Tau-
rine on radiation-induced apoptosis was exam-
ined at 48 and 72 hours following irradiation. 
Apoptosis was not assessed within the initial 
24 hours since a significant frequency of apop-
totic events was not observed during that time 
frame. Consequently, the investigation’s focus 
was shifted toward later time points to capture 
the potential effects of Taurine on radiation-
induced apoptosis during those specific peri-
ods, resulting in a more thorough examination 
of the impact of Taurine on apoptosis over an 

Radioprotective Effect of Taurine in Lymphocytes

Figure 7: Effect of Taurine & cysteine on radiation-induced apoptosis in lymphocytes as cyto-
grams at three doses of 4, 8, & 12 Gy after 72 hours post-irradiation. Non-irradiated & untreated 
(K), untreated with irradiation (L, P & S), Taurine-treated with irradiation (M, Q & T), & cysteine-
treated with irradiation (N, R & V).
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extended duration following irradiation [37]. 
Taurine could lead to a remarkable reduction 
of radiation-induced apoptosis at a concentra-
tion of 100 µg/mL, showing the radioprotec-
tive potency of Taurine that decreased with 
increasing radiation dose. The percentages of 
apoptosis were higher at 48 hours compared 
to 72 hours post-irradiation (71.96, 66.77, and 
62.73% for 48 hours, and 50.69, 42.92, and 
45.85% for 72 hours post-irradiation at 4, 8, 
& 12 Gy, respectively). The cysteine potency 
in radioprotection also was more than Taurine 
(92, 89.76, and 89.65% for 48 hours post-ir-
radiation, and 90.3, 87.93, & 81.93% for 72 
hours at 4, 8, and 12 Gy, respectively). The ob-
served differences in results between Taurine 
and cysteine can be attributed to variations 
in their antioxidant mechanisms. Cysteine is 
considered a conventional antioxidant that has 
the ability to directly neutralize free radicals 
through its thiol group. In contrast, Taurine’s 
action in combating free radicals is indirect 
and likely involves different approaches to 
counteract oxidants. The antioxidant activity 
of Taurine is believed to be mediated through 
various mechanisms, although the exact mech-
anisms are still under investigation. These 
proposed mechanisms include scavenging of 
ROS, modulation of intracellular antioxidant 
enzymes, and preservation of cellular redox 
balance. The diverse antioxidant mechanisms 
of Taurine contribute to its effectiveness in 
protecting against oxidative stress and its po-
tential as a radioprotective agent [38]. The 
protective effect of Taurine on lymphocytes 
may be associated with its ability to regulate 
the production of pro-inflammatory cytokines 
by these cells [38].

Accordingly, Taurine, as a radioprotective 
agent, can reduce radiation-induced apoptosis 
at a concentration of 100 μg/ml with signifi-
cant efficacy in scavenging ROS at physiolog-
ical concentrations. Moreover, it protectively 
affects lymphocytes by regulating the produc-
tion of pro-inflammatory cytokines without 
any detrimental impacts on lymphocyte cells.

Conclusion
Taurine has shown a protective effect on 

healthy cells by reducing free radicals and cel-
lular damage, as well as modulating radiation-
induced apoptosis in human lymphocytes. Due 
to its potential to mitigate radiation-induced 
lymphopenia with lower toxicity, Taurine is 
considered a valuable candidate for pre-treat-
ment in radiation therapy. Given its favorable 
safety profile, Taurine can be extensively used 
as a radioprotector, effectively minimizing the 
side effects associated with exposure to IR.
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