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Abstract 

Background: Cadmium (Cd) is a metal. It causes thyroid toxicity. 

Objective: To explore the possible protective effects of quercetin (QUE) and phytic acid on 

Cd induced thyroid toxicity. 

Materials and Methods: 54 rats divided into two groups. Group I (control), group II 

subdivided into four subgroups; subgroup IIA (rats were injected s.c with Cd in a dose of 2 

mg/kg for 2 weeks), subgroup IIB (rats were injected as subgroup IIA & QUE in a dose of 

500 mg/ kg orally for 2weeks), subgroup IIC (rats were injected as subgroup IIA & phytic 

acid at a dose 360 mg/ kg orally for 2 weeks), subgroup IID (rats were injected with Cd as 

subgroup IIA & QUE as subgroup IIB & phytic acid as subgroup IIC).Thyroid gland 

specimens were taken and prepared for histological, immunohistochemical examination. 

Results: Subgroup IIA disorganized folliclluar cells with small dark nuclei,fused follicles 

with desqumation of cells, significant marked increase(p< 0.01) in collagen fibres and PCNA 

between follicles and significant decrease(p>0.01)in colloid. Subgroups IIB and IIC showed 

improvement of some histological microscopic changes, significant decrease (P <0.01) in 

collagen fibers deposition and PCNA immunostaining compared with subgroup IIA. While 

subgroup IID showed histological architecture near to control group. 

Conclusion: This work concluded that each of QUE and IP6 can ameliorate Cd induced 

thyroid follicular cells toxicity, but their co-administration can give better results 

Keywords: Thyroid gland, Cd, Quercetin, Phytic Acid. 

 

Introduction  

The thyroid gland is enveloped by a thin fibrous capsule, with a narrow 

septum that divides the thyroid into lobes. The gland is richly vascularized and it is 

supplied with blood by the upper and lower thyroid artery. Vein drainage is supplied 

via upper, lower, and middle thyroid veins. Lymph drainage is also well developed 

and there is pronounced communication between the right and left lobes, via the 

isthmus. Nerves are formed on capsule, and they come from sympathetic trunks and 

vagus nerves
1
. 

Cadmium (Cd) is one of the most toxic environmental pollutants derived 

from natural sources as well as human activities. Contaminated air, water, food and 

cigarette smoke are the major sources of human Cd exposure
2
.  Because of its 

extremely long biological half-life and low excretion rate, Cd may accumulate inside 

the body, causing a broad range of cytotoxic effects, especially to the kidneys, liver 

and muscles
3
. The presence of cysteine-rich proteins containing thiol groups able to 
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bind Cd makes even the thyroid gland a potential site of Cd deposition, and it has 

been reported that Cd blood concentration correlates positively with its accumulation 

in thyroid tissue 
4
. Cd concentrations in the thyroid gland of people living in a Cd-

polluted area of Japan were three times higher compared to those residing in non-

polluted areas 
5
. 

      Quercetin is a bioactive compound that is widely used in botanical medicine and 

traditional Chinese medicine due to its potent antioxidant activity. Antioxidant 

activities of QUE including its effects on glutathione (GSH), enzymatic activity, 

signal transduction pathways, and reactive oxygen species (ROS) caused by 

environmental and toxicological factors. Chemical studies on quercetin have mainly 

focused on the antioxidant activity of its metal ion complexes and complex ions 
6
. 

         Phytic acid is generally referred to as an anti-nutrient due to the food 

micronutrients chelating ability, making them unabsorbable and thus low 

bioavailability 
7
. However, this effect is mainly linked to diets that are simultaneously 

poor in trace elements and high in phytic acid intake. It’s bioavailability may be 

influenced by the micronutrients binding with other food components and the metal 

ion: phytic acid molar ratio should also be considered 
8
.  On the other hand, several 

studies have been done, both in vitro and in vivo, showing strong anti-cancer activity 

evidence for phytic acid
9
. 

The aim of this study was to explore the possible protective effects of 

Querecetin and phytic acid on Cd induced thyroid follicular cells toxicity in adult 

male albino rats. 

MATERIAL AND METHODS  

Drugs and Chemicals 

- Cadmium chloride: Cd chloride 98%, product no. 208299 were purchased 

from Sigma Chemical Co., St. Louis, MO, USA. as powder (50 gm). Total 

100 mg Cd Cl2 98% powder were dissolved in 10 ml distilled water and then 

were injected s.c at a dose of (2 mg/kg/day) for 2 weeks to the assumed rats
10

. 

- Quercetin: QUE was purchased from Sigma Chemical Co., St. Louis, MO, 

USA. as a powder (500 mg). Total 500 mg QUE powder were dissolved in 10 

ml of 0.1% Tween-80 then were given orally by mouth gavage at a dose of (50 

mg/kg) for 2 weeks to the assume rats
11

.
 
 

- Phytic acid: phytic acid sodium salt hydrate, was purchased from Sigma 

Chemical Co., St. Louis, MO, USA.  as a powder (3600 mg). Total 3600 mg 

phytic acid salt powder were dissolved in 10 ml distilled water then were 

given orallay by mouth gavage at a dose of (360 mg/kg) for 2 weeks to the 

assumed rats
12

.  

Animals and Diet:  

    54 adult male Sprague Dawely rats aged about three months and weighing (150–

250 g) which were purchased from animal house, Faculty of Veterinary Medicine 

Moshtahar, Benha University and utilized according to the guidelines of laboratory 

animal's care.   

Experimental Design: 

      An experimental study was done on Jaunary 2021. After one week of housing, 54 

adult male albino rats weighting about 200gm were randomly divided into two 

groups: 
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Group I (Control Group):  n = 30 rats equally divided into 5 subgroups:  

- Subgroup Ia: rats were kept without any intervention and received only water and 

normal formula of feeding for 2 weeks. 

- Subgroup Ib: everyone was injected s.c with 0.4 ml of normal saline (vehicle of Cd 

group) for 2 weeks. 

- Subgroup Ic: rats were injected as subgroup b and received orally by mouth gavage 

about 0.8 ml 0.1% Tween-80 in distilled water (vehicle of QUE group) for 2 weeks. 

- Subgroup Id: rats were injected as subgroup b and received orally by mouth gavage 

about 1 ml of distilled water (vehicle of IP6 group) for 2 weeks. 

-Subgroup Ie: rats were injected s.c as subgroup b and received orally as subgroup c  

and received orally as subgroup d for 2 weeks. 

Group II (Experimental group): n = 24 rats equally divided into 4 subgroups:   

-Subgroup IIA (Cadmium toxicity group): were injected subcutaneously (s.c) with 

Cd Cl2 (2mg/kg/day).
 
 

-Subgroup IIB (Quercetin Group):  rats were received Cd Cl2 as subgroup IIA and 

received QUE (50 mg/kg) dissolved in 0.1% Tween-80 in distilled water orally by 

mouth gavage 

-Subgroup IIC (phytic acid Group): rats were recieved Cd Cl2 as subgroup IIA and 

received IP6 (360 mg/kg) dissolved in distilled water orally by mouth gavage.  

-Subgroup IID (Quercetin and phytic acid Group): rats were recieved Cd Cl2 as 

subgroup IIA and QUE as subgroup IIB and IP6 as subgroup IIC. 

 

Sample preparation 

   The thyroid gland from the rats will be taken and fixed in 10% buffered formalin, 

embedded in pure paraffin wax (melting point of 58   ْ C), and then mounted into 

blocks and left at 4   ْ C until the time of use. The paraffin blocks will be sectioned 

using the microtome at a thickness of 5 mm and mounted on clean glass slides and 

then left in the oven at 40   ْ C for drying. 

 

Histological and Immunohistochemical Studies 

  Paraffin sections of thickness (5-7 µm), mounted on glass slides for H&E
13

 stain to 

examine histological changes in various groups and sirius red staining for 

demonstration of collagen fibers deposition
14

and PAS staining for demonstrating 

amount of colloid
14

. 

 

Other sections were mounted on +ve charged slides for immunohistochemical 

staining:  

     PCNA
16

 is a helper protein of DNA polymerase enzymes, necessary for DNA 

synthesis and is used as a standard marker for proliferating cellsIt is a rabbit 

polyclonal antibody (catalogue number ab15497, Abcam, Cambridge, UK). 

Immunostaining required pretreatment, this was done by boiling for 10 minutes in 10 

mmol/l citrate buffer (catalogue number AP 9003) (pH 6) for antigen retrieval and 

leaving the sections to cool in room temperature for 20 minutes. Then, the sections 

were incubated for one hour with the primary antibody. Immunostaining was 

completed by the use of Ultravision detection system (catalogue number TP - 015- 

HD). Counterstaining was done using Mayer's hematoxylin (catalogue number TA- 

060- MH). Citrate buffer, Ultravision detection system and Mayer's hematoxylin were 

purchased from Lab Vision Thermo Scientific (Fremont, California, USA). Small 

intestine was used as a positive control sections. Positive reaction appeared as brown 
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nuclear coloration. On the other hand, one of the thyroid sections was used as a 

negative control by passing the step of applying the primary antibody. 

 

Morphometric Study  

The mean area percentage for collagen fibers deposition (Sirius red stain), 

colloid area (PAS stain) & PCNA immunostaining were quantified in 15 images from 

15 non-overlapping fields of each group rats using Image-Pro Plus program version 

6.0 (Media Cybernetics Inc., Bethesda, Maryland, USA). 

Statistical Methods 

   Statistical analysis was conducted using SPSS (version 21, Chicago, IL, USA). 

Qualitative data were presented as number and percentage; while quantitative 

parametric data (normally distributed) was presented as mean and standard deviation 

and quantitative non-parametric data (abnormally distributed) was presented as 

median. The results will be considered significant when the probability is less than 

5% (p value: 0.01). 

 

Results: 

1- Hematoxylin and Eosin results: 

Group I (Control group): 

          The light microscopic examination of subgroups in control group showed 

nearly the same structures. Sections in the thyroid gland of the control group showed 

normal histological architecture in the form of multiple thyroid follicles that were 

uniformly distributed and variable sized. Follicles were filled with acidophilic 

homogenous colloid with few peripheral vacuolation. The lining follicular cells were 

flattened to cuboidal cells with flat to round nucleus with some interfollicular cells 

(Fig., 1a).  
 

Group II (Expermintal group): 

Subgroup IIA (Cadmium group): 

      Cadmium group showed disorganization of thyroid follicles. Some fused follicles 

were noticed and the colloid was interrupted in some follicles but other follicles 

exhibited markedly vacuolated colloid. Thyroid follicles appear as flattened cells with 

dark small nuclei and there is cellular infiltration beween follicles. Follicular cells 

were seen desquamated into the lumen (Fig., 1b). 

Subgroup IIB (Quercetin treated group): 

        Quercetin group showed only slight improvement in regularity of follicles and 

tissue arrangement. some restore their normal architecture but some of them still 

small in size filled with colloid with peripheral vaculation. Some follicular cells still 

showing dark stained nuclei (Fig., 1c).  

Subgroup IIC (Phytic Acid treated group): 

       Phytic acid treated rats showed more improvement compared to the pervious 

group that most of the thyroid follicles almost restored their normal architecture 

except some of them still small in size. The follicular lumen is filled with 

homogenous acidophilic colloids that show peripheral small vacuoles. Follicular cells 

show normal round nucleus (Fig., 1d). 

Subgroup IID (phytic acid and quercetin treated group):  

       phytic acid and quercetin treated group showed normal appearance of thyroid 

follicle with normal colloid almost restore their normal architecture. The follicular 
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lumen is filled with homogenous acidophilic colloid with peripheral small vacuoles. 

follicular cell showed normal round nuclei (Fig., 1e). 

 
 

 
 

 

 

 

 

Fig.1. (a) A photomicrograph of a section in the thyroid gland of a rat of control group 

showing apparently normal thyroid follicles (f) lined with a single layer of flat (black arrow) 

or cubical follicular cells (blue arrow). Follicular cells exhibiting oval to rounded nuclei 

(white arrow). The follicular lumen is filled with homogenous acidophilic colloid (C) with 

peripheral small vacuoles (yellow arrows). There is some interfollicular cells between 

follicles (white curved arrow), (b) Subgroub IIA showing disorganized and fused thyroid 

follicles (black arrows) with desquamated epithelial cells (thin curved arrow) in their lumen. 

The follicles have diminished colloid (C) with more vaculation (yellow arrow). The follicles 
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lined with follicular cells with dark flat or round nuclei (curved white arrow) with vaculated 

cytoplasm (blue arrow). There is cellular infiltration between follicles (arrow head), (c) 

Subgroub IIB showing that some of the follicles of thyroid (*) restore their normal 

architecture and some of them still small in size (black arrows). Some follicles are filled with 

colloid (c) with peripheral vaculation (yellow arrow). The follicles lined with follicular cells 

with round nuclei (blue arrows). Some follicular cells still showing dark nuclei (curved 

arrow), (d) Subgroub IIC A photomicrograph of a section in the thyroid gland of a rat from 

subgroup C showing that most of the follicles of thyroid (*) restore their normal architecture 

except little of them still small in size (black arrows). Follicular cells show normal round 

nucleus (curved arrows). The follicular lumen is filled with homogenous acidophilic colloids 

(C) that show peripheral small vacuoles (yellow arrow), (e) Subgroub IID showing that most 

of the follicles of thyroid (*) restore their normal architecture. Follicular cell showing normal 

round nuclei (black arrows). The follicular lumen is filled with homogenous acidophilic 

colloids (C) that show peripheral small vacuoles (yellow arrow) (H&E X400). 

Sirius Red stain results: 

Group I (Control group): It showed minimal collagen fibers accumulation between thyroid 

follicle (Fig., 2a). 

Group II (Expermintal group): 

 Subgroup IIA (cadmium group): It showed marked collagen fibers accumulation between 

thyroid follicle (Fig., 2b). 

Subgroup IIB (quercetin treated group): It showed mild collagen fibers accumulation 

between thyroid follicle (Fig., 2c).  

Subgroup IIC (phytic acid treated group):  It showed few collagen fibers accumulation 

between thyroid follicle (Fig., 2d). 

Subgroup IID (quercetin and phytic acid treated group): It showed minimal collagen 

fibers accumulation between thyroid follicle (Fig., 2e). 
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Figure 2: A Photomicrograph of section in the thyroid gland (a) control group showing 

minimal collagen fibers deposition between the follicles of thyroid (arrows), (b) Subgroup 

IIA showing marked collagen fibers deposition between thyroid follicles (arrows), (c) 

Subgroup IIB showing mild deposition of collagen (arrows), (d) Subgroup IIC showing few 

deposition of collagen (arrows), (e) Subgroup D showing minimal deposition of collagen 

(arrows) (Sirius red X400). (f) Histogram Showing the mean ± SD of Sirius % area  between  

Group I, Subgroups IIA, IIB, IIC & IID. 

PAS stain results: 

Group I (Control group):   It showed strong PAS reaction in the colloid and moderate 

reaction in the basement membrane (Fig., 3a). 

Group II (expermintal group) 

Subgroup IIA (cadimum group): It showed weak PAS reaction of both colloid and 

basement membrane. Most follicles showed colloid retraction (Fig., 3b). 
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Subgroup IIB (quercetin treated group): It showed mild PAS reaction in the colloid and 

the basement membrane. (Fig., 3c). 

Subgroup IIC (phytic acid treated group):  It showed moderate PAS reaction in the colloid 

and the basement membrane. (Fig., 3d). 

Subgroup IID (phytic acid and quercetin treated group): It showed strong PAS reaction 

in the colloid and moderate reaction in the basement membrane more or less similar to 

control group (Fig., 3e). 

 
Fig.3: A photomicrograph of section in the thyroid gland (a) Control group showing strong 

PAS reaction of abundant colloid "magenta in color" (C) and moderate reaction in the 

basement membrane (arrow), (b) Subgroup IIA Cadmium treated group showing weak PAS 

reaction in the colloid and most follicles show colloid retraction (C).The basement membrane 

shows weak PAS reaction (arrow), (c) Subgroup IIB quercetin treated group Showing mild 

PAS reaction of colloid and decreased colloid in some follicles (C). The basement membrane 

shows moderate reaction (arrow), (d) Subgroup IIC phytic acid treated group showing 

moderate PAS reaction of colloid and decreased colloid in some follicles (C). The basement 

membrane shows moderate reaction (arrow), (e) Subgroup IID quercetin and phytic acid 

treated group showing strong PAS reaction of colloid and decreased colloid in some follicles 
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(C). The basement membrane shows moderate reaction (arrow) (PAS x 400).  (f) Histogram 

Showing the mean ± SD of PAS % area  between  Group I, Subgroups IIA, IIB, IIC & IID. 

 

Immunohistochemical results: 

Group I (Control group): Sections in the thyroid gland of the control group demonstrated 

weak positive PCNA nuclear immune reactivity (Fig., 4a). 

Group II (Expermintal group) 

Subgroup IIA: Examination of thyroid gland strong nuclear immune reactivity (Fig., 4b). 

Subgroup IIB (quercetin treated group): It showed moderate PCNA nuclear immune 

reactivity (Fig., 4c). 

Subgroup IIC (phytic acid treated group):  It showed mild PCNA nuclear immune 

reactivity (Fig., 4d). 

 Subgroup IID (phytic acid and quercetin treated group): It showed minimal positive 

PCNA nuclear immune reactivity (Fig., 4e). 

 

Fig.4: Photomicrograph of a section in the thyroid gland. (a) control rat showing weak 

positive immune reaction of PCNA (black arrows), (b) Subgroup IIA showing strong positive 

immunoreactivity of PCNA as a brown cytoplasmic immune reaction in the follicular cells 

(black arrows), (c) Subgroup IIB showing moderate nuclear immune reaction for PCNA 
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(black arrows), (d) Subgroup IIC showing mild nuclear immune reaction for PCNA (black 

arrows), (e) Subgroup IID rat showing  minimal positive immune reaction of PCNA (black 

arrows) (PCNA x  400). (f) Histogram showing the mean ± SD of PCNA% area  between  

Group I, Subgroups IIA, IIB, IIC & IID. 

    Morphometric and Statistical Results 

      The mean area % and standard deviation (SD) of collagen fibers deposition and PAS and 

PCNA immunostaining of all groups was represented in (Table 1) and (Histograms1,2,3). 

There was a significant decrease (P<0.01) in mean area %of collagen fibres and PCNA of 

group I, subgroups IIB, IIC compared with subgroup IIA and insignificant increase (P<0.01) 

in mean area % of subgroup IID compared with group I. There was a significant 

increase(P<0.01) in mean area %of colloid of group I, subgroups IIB, IIC compared with 

subgroup IIA and insignificant increase (P<0.01) in mean area % of subgroup IID compared 

with group I. 

Table (1): Showing the mean area % of collagen fibers, colloid by PAS, PCNA immuno-

expression ± SD in all groups by ANOVA with Post Hoc LSD test. 

 

 Group I 
Subgroup 

IIA 

Subgroup 

IIB 

Subgroup 

IIC 

Subgroup 

IID 
 P value 

Sirius 

red % 
0.20±0.04 7.18±1.44 3.69±0.54 2.18±0.14 1.13±0.07 <0.001* 

Post-hoc  

P1=<0.001* 

 

P1=<0.001* 

P2=<0.001* 

P1=<0.001* 

P2=<0.001* 

P3=<0.001* 

P1=0.03* 

P2=<0.001* 

P3=<0.001* 

P4=0.01* 

 

PAS % 53.19±12.84 2.57±0.51 12.65±1.33 28.78±5.76 39.79±7.96 <0.001* 

Post-hoc  

P1=<0.001* 

 

P1=<0.001* 

P2=0.025* 

P1=<0.001* 

P2=<0.001* 

P3=<0.001* 

P1=0.001* 

P2=<0.001* 

P3=<0.001* 

P4=0.012* 

 

PCNA 

% 
1.79±2.63 14.83±1.30 9.90±1.65 7.41±2.57 4.80±3.10 <0.001* 

Post-hoc  

P1=<0.001* P1=<0.001* 

P2=0.04* 

P1=<0.001* 

P2=<0.001* 

P3=<0.001* 

P1=0.029* 

P2=<0.001* 

P3=<0.001* 

P4=0.002* 

 

Data expressed as Mean ± SD; SD: standard deviation; P: Probability; *: significance <0.05; 

Test used: One way ANOVA followed by post-hoc tukey; P1: significance vs Group I, P2: 

significance vs Subgroup IIA, P3: significance vs Subgroup IIB, P4: significance vs 

Subgroup  IIC. 
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Discussion 

      The thyroid system plays a pivotal role in the body homeostasis and functioning of the 

nervous, cardiovascular and reproductive systems, and of body growth control; hence, 

putative thyroid disruptors can cause significant impairments in living organs
4
. 

      Cadmium is a metal with established endocrine disrupting activities. This toxic metal is 

widespread in the environment both naturally and as a pollutant emanating from industrial, 

agricultural and other sources. The main routes of exposure are via the digestive tract and 

inhalation
17

. 

       Quercetin is one of the most omnipresent flavonoids. QUE prevents oxidative damage 

and cell death by preventing lipid peroxidation and scavenging oxygen free radicals. QUE 

has also been shown to protect germ cells from Cd-induced toxicity 
18

. 

 

      Phytic acid (inositol hexaphosphate; IP6)) is the principal storage form of phosphorus in 

many plant tissues, especially bran and seeds 
19

.IP6 decreases Mn and Ca absorption. Cd 

accumulation was estimated in liver and kidney and was increased by the addition of Ca. IP6 

inhibits the increase in tissue Cd promoted by supplements but does not influence tissue Cd 

values
20

. 

       

       Section obtained from subgroup IIA (Cd group) stained by H & E revealed 

disorganization of thyroid follicles and desquamation of thyroid cells. Thyroid cells appeared 

flattened with dark stained nucleus, irregular follicular pattern with microfollicoli. Small 

sized folliculles with ruptured wall and small amount of colloid and there is cellular 

infiltration between follicles. It showed significant increase (P <0.01) in collagen fibers 

deposition and PCNA immunostaining compared to control group. It showed significant 

decrease of colloid in the Cd group with loss of clarity of basement membrane (p<0.01).  

       These results agreed with some investigators 
21, 22, 23, 24, 25, 26 

who stated that Cd have 

cytotoxic effect on thyroid, these pathological effects are due to Cd toxicity that induces 

mitochondrial damage and oxidative stress, which forms excess ROS. Normally, ROS are 

balanced by natural antioxidant enzymes, but when an imbalance occurs between these ROS 

and natural antioxidants an oxidative stress condition is created, the mitochondrial injury 

causes release of cytochrome c and activation of caspase pathways that lead to apoptosis and 

induced thyrotoxic effects.  

     Some investigators 
27, 28, 29

 who reported increased amount of collagen fibers in thyroid 

glands of rats treated with Cd. High significant increase in collagen fibers deposition 

(fibrosis) at the interfollicular space was detected in Cd group. Authors stated that Cd 

induced fibrosis by degranulation of mast cell with releasing of its cytokine tryptase. This 

cytokine stimulates fibroblast proliferation and collagen fibers formation. Also, Cd toxicity 

reported to decrease selenium. This deficiency may lead to activation of fibrosis through 

inflammatory reaction and excess stimulation of growth factor.  

        Some investigators
 4, 22, 26, 27 

who reported decreased amount of colloid in thyroid glands 

of rats treated with Cd. investigators
 4, 30

 who reported increase in area % of PCNA in thyroid 

glands of rats treated with Cd. this might represent the early resistant stage of the gland in 

which thyroid follicles were under stress of the toxicant and were trying to cope with this 

condition by increase follicular growth
31

. 

     The administration of QUE in subgroup IIB revealed slight improvement in the regularity 

of thyroid follicle and tissue arrangement but colloid was still little and some follicles showed 

vacuolated colloid, still some follicles were small in size. There was a significant decrease (P 
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<0.01) in collagen fibers deposition and PCNA staining expression compared to subgroup 

IIA.It showed that the colloid was significantly increased (p<0.01). 

        These results agreed with some investigators
17, 32, 33, 34 

who stated that QUE have 

protective effect on Cd toxicity. This improvement may be due to specific mechanisms. First, 

they clean the ROS of QUE, reducing lipid peroxide production and increasing the activity of 

antioxidation enzymes. Second, they chelate Cd, reducing Cd deposition and altering in vivo 

levels of other basic metal ions.  

  

    The administration of IP6 in subgroup IIC revealed more improvement in the regularity of 

thyroid follicle and tissue arrangement and increase amount of colloid in follicles but still 

some follicle is small in size. There was a significant decrease (P <0.01) in collagen fibers 

deposition and PCNA staining expression compared to subgroup IIB. It showed that the 

colloid was significantly increased (p<0.01). 

   These results agreed with some investigators
 19, 35, 36, 37 

who stated the protective effect of 

phytic acid on Cd toxicity The improvement may be due to IP6 increases 

oxidative/nitrosative status and restores enzyme activities almost to normal levels. IP6 is a 

natural antioxidant that protects against disease and prevents the development of tumors.    

Moreover, IP6 is known to suppress Fenton reactions and the subsequent release of hydroxyl 

radicals by chelating cations of iron. Authors administrated that IP6 also reportedly inhibited 

the development of ROS in biological tissues, thereby protecting against free radical damage 

in cells and tissue following inflammation, hypoxia or exposure to radiation. In addition, 

scavenging of superoxide radicals prevents the formation of complexes of ADP and iron that 

cause lipid peroxidation in vivo and in vitro. Accordingly, IP6 was shown to inhibit lipid 

peroxidation in animal studies. 

     

     The administration of QUE & IP6 in subgroup IID revealed more improvement in the 

regularity of thyroid follicle and tissue arrangement and increase amount of colloid in 

follicles but still some follicle is small in size. There was a significant decrease (P <0.01) in 

collagen fibers deposition and PCNA staining expression compared to subgroup IIC. It 

showed that the colloid was significantly increased (p<0.01) and insignificant (P <0.01) in 

collagen fibers deposition and PCNA staining expression compared to control group. 

     It was noticed that the group treated with Cd and QUE plus IP6 showed better 

amelioration of the harmful effect of Cd on the histological structure of thyroid gland. No 

previous results were well-matched the findings of that combination between QUE & IP6 but 

this effect may be due to synergism between the effect of both QUE & IP6. The antioxidant 

levels are tightly regulated within the cell and can significantly affect cell behavior, 

characterstics and survival. 

 

 

Conclusion 

This work concluded that each of QUE and IP6 can ameliorate Cd induced thyroid 

follicular cells toxicity, but their co-administration can give better results 
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