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Abstract: Cyclosporine is an immunosuppressant drug and iodine-131 is the 

diagnostic and therapeutic radioisotope in nuclear medicine. In this study, we 

aimed to evaluate the synergistic effect of high-dose radiation of radioiodine 

on the suppression of the immune system of BALB/cmice after receiving 

cyclosporine. A total of 50 mice BALB/c were randomly divided into two 

groups (control and test). Then, 50 mg kg
−1

 body weight cyclosporine was 

given to both groups. After 24 h, 0.5 mL iodine-131 was given to the test 

group and in the control group the same volume of normal saline was given. 

Data analysis was done using SPSS V.20 and p value <0.05 was considered 

significant. After 30 days of monitoring, only 2 deaths (8%) occurred in the 

control group, however 16 deaths (64%) were observed in the test group. 

Statistical analysis of the data indicated that there is a significant relationship 

(p value <0.0005) between injecting radioiodine and the mortality rate in 

mice receiving cyclosporine and proves the synergistic effect of these two 

factors. Based on the results, iodine-131 can be introduced as a stimulating 

and synergistic factor on the suppression of the immune system of 

BALB/cmice and subsequent death. 
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Introduction 

It's about a century that human knows ionizing 

radiation is harmful for biological tissues and in 

adequate doses can lead to irreversible insult, cancer 

and even death. Nowadays, with the advancement of 

the science, the use of radioactive materials has 

increased dramatically in various fields including 

industry, agriculture, medicine and research 

(Mortazavi et al., 1999). 

High levels of ionizing radiations from radioactive 

substances are dangerous for living organisms, including 

human kind. The first people who worked with X-rays 

and radioactive substances clearly observed that these 

substance scan cause burns or scarring and there is a 

possibility of chromosomal mutation and subsequent 

cancer even at low levels (NRPB, 1999). 

In addition to the benefits of early detection and 

treatment of diseases, the risk of exposure must also be 

considered in medical applications of ionizing radiation 

such as radiology, nuclear medicine and CT scan. 

Iodine-131 or radioiodine is a radioactive substance that 

is widely used in nuclear medicine for both diagnosis 

and treatment. The dose of iodine-131 used for diagnosis 

is about 5 mCi, however, the dose of medical treatment 

is higher (approximately 20 to 250 mCi and even more 

in some cases) (Li et al., 2001). 

One of the major differences of iodine-131 with other 

radiopharmaceuticals used in nuclear medicine is its Beta 
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(β) radiation that has more applied biological effect 

compared to Gama (γ) radiation (Li et al., 2001). 

So far, there have been many studies on the 

biological damages after radioiodine treatment, however, 

there are very few reports regarding the effects of 

radiation emitted by radioactive iodine on the immune 

system (Baugnet-Mahieu et al., 1994). 

Effects of ionizing radiation and radioactive 

substance son the immune system was studied first by 

a committee in 1972. The UNSCEAR committee 

concluded that the levels of radiation can stimulate or 

suppress the immune system, with high doses of 

radiation having immunosuppressive effects 

(UNSCEAR, 1972). 

The biological effect of ionizing radiation on 

human body depends on the total dose of radiation 

received and dose rate of exposure. High-dose 

ionizing radiation, provided extremely at high-dose 

rate, is commonly considered to be harmful, resulting 

in apoptosis, DNA damage and formation of tumor 

cells. Radiation triggers DNA repair pathways and 

cell cycle checkpoints in normal cells and results in 

recovery or cell death (Park et al., 2014). 

Apoptosis is the process of Programmed Cell Death 

(PCD) that may occur in multi cellular organisms in 

response to threatening symptoms and poisoning 

including radiation. This phenomenon can be 

observed in the cells especially bone marrow stem 

cells and Peripheral Blood Mononuclear Cells 

(PBMCs) after exposure to the radiation (Bordon et al., 

2010; Schnarr et al., 2009; Zhang et al., 2012). 

Cyclosporine is an immunosuppressant drug widely 

used in organ transplantation in combination with 

corticosteroids to prevent rejection. The drug is also used 

in a cute rheumatoid arthritis, atopic dermatitis, alopecia 

and psoriasis (Brown et al., 1988). 

Synergistic immunosuppressive effects of high 

dose radiation and cyclosporine can lead to irreparable 

damage and even death in patients receiving these. 

This study aimed to investigate the synergistic 

immunosuppressive effect of high-dose radiation of 

radioiodine on the immune system suppressed by 

cyclosporine. 

Methodology 

The Study Population 

In this experimental study, carried out at the Center 

of Experimental Animals of the Shiraz University of 

Medical Sciences, we used 50 consanguine, male, 

BALB/c mice in weight range of 20-25 gram. Mice were 

purchased from the Stem Cell and Transgenic 

Technology Research Center of the Shiraz University of 

Medical Sciences. They were kept in a room with a 

temperature of 22-24°C and constant humidity, in a 

cycle of 12 h light and 12 h dark. Adequate water and 

food was provided. The room was disinfected before the 

study began by Sterl-STAT. To create further 

adaptations of animals to a new environment, all of the 

tests were carried out 7 days after the new cage. The 

ethics committee of SUMS approved the study.  

Experimental Stage 

Mice were randomly divided in 2 equal groups 

(Control and Test) and were coded. Decoding was done 

at the end of the study for bias prevention. All the mice 

were maintained under the conditions described before. 

According to SUMS ethical codes regarding the care and 

use of laboratory animals, all possible measures were 

taken into account to avoid animals' suffering at each 

stage of the experiment. 

Initially, 50 mg kg
−1

 body weight cyclosporine was 

administered orally to both groups (Oral solution:  

100 mg mL
−1

). The dose of cyclosporine was 

calculated according to weight and with the viewpoint 

of an expert pharmacologist in order to the severe 

weakening of the immune system. 

After 24 h, 0.5 mL radioactiveiodine-131 

(radioiodine) was given to the test group and in the 

control group the same volume of normal saline was 

given. All mice were monitored immediately after 

receiving iodine and the results were recorded each day. 

Every 6 h the number of dead and alive mice was 

counted for 30consecutive days in both groups. 

Statistical Analysis 

The gathered data were analyzed by SPSS V.20 

software; Chi-Square nonparametric test was used for 

comparison of the groups and Kaplan-Meier test was 

done in order to analyze the survival rate. In all cases, p 

value <0.05 was considered statistically significant. 

Results 

According to the data, as can be seen in Fig. 1, 

among 25 mice of the test group which received 

radioiodine after treating with high dose of cyclosporine, 

16 (64%) mice died and 9 (36%) mice survived after 

passing 30 days. In contrast, in the control group, only 2 

(8%) mice died and 23 (92%) mice survived. 

Statistical analysis of the data by the Chi-Square test 

indicated a significant relationship (p value <0.0005) 

between receiving radioiodine and mortality among mice 

that received the high dose of the immunosuppressant 

drug (cyclosporine) and showed the synergistic effect of 

these two factors. 

The results of analyzing Phi and Cramer's V test that 

measures the power of the relationship between the 

variables, representative a robust correlation (p value 

<0.0005) between the variables of receiving radioiodine 
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and mortality of mice after giving high dose of 

cyclosporine and confirmed the synergistic 

immunosuppressive effects of cyclosporine and 

radioiodine (Table 1). 

 

 
 
Fig. 1. Comparison of the number of alive mice in both test (radioiodine injected) and control groups after receiving a high dose of 

cyclosporine after passing 30days 

 

 
 

Fig. 2. Plot of the cumulative survival proportion against time for control and radioiodine injected group 

 
Table 1. Phiand cramer's vtest 

Symmetric measures 

---------------------------------------------------------------------------------------------------------------------------------------------------------------- 

  Value Approx. Sig. 

Nominal by nominal Phi -0.583 0.000 

 Cramer's V 0.583 0.000 

N of valid cases 50 
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Table 2. Estimated means and medians for survival time 

 Mean    Median 
 ------------------------------------------------------------------- --------------------------------------------------------------------- 
   95% confidence interval   95% Confidence interval 

   --------------------------------------   ------------------------------------- 

Treatment Estimate Std. Error Lower bound Upper bound Estimate Std. Error Lower bound Upper bound 

Cyclosporine 716.400 2.638 711.229 721.571 720.000 0.000 . . 

Cyclosporine + Radioiodine 498.960 34.587 431.170 566.750 426.000 24.819 377.354 474.646 

 

A log rank test was run to determine if there were 

differences in the survival distribution for the different 

types of intervention: Cyclosporine administered group 

(Control) and the group that cyclosporine and 

radioiodine were given (Test). The survival distributions 

for the two treatments were statistically significantly 

different, X
2
(1) = 19.201, p<0.0005. The estimated 

survival time were 716.4±2.638 and 498.96±34.587 h in 

control and test group respectively (Table 2). Regarding 

the survival curve, it can be seen that radioiodine 

increase the molarity rate and reduce the survival time 

considerably (p value <0.0005) (Fig. 2). 

Discussion 

Our findings showed that radioiodine can increase 

the rate of mortality among mice that received the 

high dose of the immunosuppressant drug 

(cyclosporine). Regarding Kaplan-Meier analysis, the 

estimated survival time in cyclosporine administered 

group (716.4±2.638 h) was significantly more 

compared to the group that received cyclosporine plus 

radioiodine (498.96±34.587) and this figure confirmed 

the synergistic immunosuppressive effects of 

cyclosporine and radioiodine. 

Cyclosporine injection is given together with a 

steroid medicine to prevent the body from rejecting a 

transplanted organ (e.g., kidney, liver, or heart). It 

belongs to a group of medicines known as 

immunosuppressive agents (Van Buren, 1986). 

Cyclosporine is a strong immunosuppressive drug. 

Early biological studies revealed that Cyclosporine 

inhibits T cell activation by blocking the transcription of 

cytokine genes, including those of IL-2 and IL-4. 

Moreover, it is proven that Cyclosporine prevents the 

phosphatase activity of calcineurin and subsequently 

blocks the activation of NFAT transcription factors. 

Additionally, recent studies demonstrate that 

Cyclosporine also inhibits the activation of JNK and p38 

signaling pathways (Matsuda and Koyasu, 2000). 

Among NFAT family members, NFAT1, NFAT2 and 

NFAT4 are involved in the transcriptional activation of 

genes encoding cytokines including IL-2 and IL-4 and 

CD40L. By preventing phosphatase activity of 

calcineurin, Cyclosporine inhibits the nuclear 

translocation of NFAT family members and consequent 

gene expression in activated T cells (Matsuda and 

Koyasu, 2000; Graham, 1994). 

Cyclosporine mainly prevents the activation 

cascade essential for particular immune functions by 

blocking T cell biosynthesis of cytokines, especially 

IL-2. Moreover, Cyclosporine terminates intrathymic 

T-cell development and inhibits some B-cell 

responses (Van Buren, 1986; Graham, 1994). 

Radioiodine (I-131), an isotope of iodine that emits 

radiation, is used for medical purposes. High levels of 

radiation of iodine-131 isotope to the thyroid is almost 

always associated with hypothyroidism and thyroid 

cells destruction. Hence, after exposure to high doses 

ofiodine-131, very small population of thyroid cells 

persists and the risk of thyroid cancer becomes 

extremely low. When a small amount of radioiodine is 

swallowed, it is absorbed into the blood circulation in 

the GI tract and concentrated from the blood by the 

thyroid gland, where it initiates destroying the gland's 

cells by the high levels of radiation. Consequently, 

very small population of thyroid cells persists after 

exposure to high dose radiation related to radioiodine 

and the risk of thyroid cancer become extremely low 

(Alimanovic-Alagic et al., 2009). 

In contrast, a large number of children exposed to 

a lower dose of iodine-131 and other short-lived 

isotopes of iodine related to the Chernobyl incident in 

1986 and they were suffering from thyroid cancer 

after only a few years. There are several possible 

reasons for the differences between the medical use of 

radioactive iodine and exposure to radioactive iodine 

during a nuclear event and thyroid cancer 

development (NIH, 1999). 

As noted above, high levels of iodine-131 can 

cause thyroid cell death. In contrast, exposure to low 

doses caused injury and damages to thyroid cells, but 

do not destroy them, hence results in nuclear damages 

and cause thyroid cancer by inducing mutations. 

Radioactive iodine that released into the atmosphere, 

possibly involving short-lived isotopes of iodine (in 

addition to iodine-131) and these isotopes can be 

carcinogenic. Since the thyroid cells of children are 

more in cell division and proliferation than adults, 

there is a higher chance of mutations and thyroid 

cancer when expose to lower content of radioactive 

iodine (NIH, 1999). 

In a study that was conducted by single-cell gel 

electrophoresis in order to evaluate DNA damage in 

circulating lymphocytes of papillary thyroid cancer 
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patients who received I-131 by oral administration, high 

levels of DNA damage observed (Unlu et al., 2013). 

In another study investigating the damages caused 

by ionizing radiation on the structure of hemoglobin, 

high levels of radioiodine was shown to induce severe 

structural damages (de Oliveira et al., 2013). 

Many studies have been performed about the 

damages caused by high levels of radiation on the 

immune system, specifically white blood cells. That the 

results can help people exposed to these radiations, such 

astronauts exposed to cosmic radiation and Gamma (γ) 

radiation, which can cause a significant decrease in white 

blood cells and immunosuppression (Maks et al., 2011). 

Ionizing radiation exposure leads to induction of 

apoptosis in T and B lymphocytes and mature NK cells. It 

also cause lethal damage in bone marrow stem cell 

precursors of monocytes and granulocytes (Park et al., 

2014). In individuals receiving high doses of radiation, 

both mature lymphocytes and bone marrow stem cells 

were severely damaged, causing significant reduction of 

granulocytes and NK cells, which together defend 

against microbial invasion. Accordingly, many people 

died from active infections (UNSCEAR, 2006). 

Apoptosis plays a crucial role within the immune 

system, in particular in negative regulation and is the key 

mechanism in the response to ionizing radiation. 

Lymphocytes die by apoptosis immediately after 

exposure (interphase death) or by reproductive cell death 

(Jonathan et al., 1999; Meijer et al., 1999). There are at 

least two pathways for radiation-induced apoptosis: One 

is mediated by mitochondrial factors and is p53-

dependent and the other is mediated by cell surface 

receptors (Fas/CD95) (Shankar and Sainis, 2005). 

Several studies have considered B-cells to be more 

radiosensitive than T-cells (Prosser, 1976; Rivett and 

Hearn, 2004; Schmitz et al., 2003; Wuttke et al., 1993). 

However, progenitor/steam cells and NK cells seem to 

be more radio resistance compared to T- and B-cells 

(Meijer et al., 1999). 

When cells are exposed to high levels of radiation, 

macrophage system quickly activate (Lorimore et al., 

2001). Derived NO from activated macrophage plays 

a major role in inducing apoptosis and suppressing 

mitosis in cells around (Brown and Savill, 1999; 

Duffield et al., 2000) and this increases the genetic 

mutation, DNA base changes and detachment of the 

two strands of DNA in the cells and all of the 

secellular factors cause the immune system becomes 

weakened (Dizdaroglu et al., 1993). 

To conclude, the results of this study indicate that 

high morbidity and mortality is associated with the 

combined use of radioiodine and cyclosporine. 

Therefore, it is imperative that the risks and benefits are 

taken into consideration in patients requiring both agents 

clinically and they should be presented with alternatives. 

The biological and possible immunosuppression side 

effects of high-dose radiation related to therapeutic 

radioisotopes must be seriously studied, especially in 

radiotherapy by radiopharmaceuticals in order to avoid 

irreparable damage and even death. 
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