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Abstract 
This study investigated the effects of food-grade kappa-carrageenan (K-CGN) on the pituitary gland 
and hormones of the pituitary-gonadal axis in adult male Wistar rats. Fifty-five rats (55) were divided 
into treatment groups that received 500, 750, and 1000 mg/kg body weight of K-CGN orally for 8 and 
16 weeks, with an 8-week withdrawal group. At the end of the treatment period, the rats were sacrificed, 
pituitary gland was excised from the cranial fossa of the rats and blood samples taken for profiling 
hormones of the pituitary gonadal axis. The serum levels of follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), prolactin, estradiol, progesterone, and testosterone were assayed, and 
analyzed using one-way ANOVA with LSD post-hoc test at p<0.05 . There was significantly increased 
serum FSH levels at high doses in both short- and long-term exposures. Prolactin was significantly 
elevated in the 750 and 1000 mg/kg groups at both time points, indicating hyperprolactinemia. 
Testosterone was significantly decreased at 1000 mg/kg in the 8-week and 16-week groups. No 
significant changes were observed in the LH, estradiol and progesterone levels. Microscopic assessment 
of the pituitary gland showed dose- and time-dependent changes, including basophil atrophy, acidophil 
and chromophobe hypertrophy, and sinusoidal dilation and congestion, which were most evident at high 
doses with long-term exposure. Withdrawal of treatment did not reverse these changes. K-CGN 
adversely affected the pituitary gland and pituitary-gonadal axis hormones in male rats, suggesting its 
potential reproductive implications. 
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INTRODUCTION 
Food additives are extensively used to enhance qualities such as taste, color, texture, and shelf 
life in the food industry. Despite their benefits, concerns have been raised regarding their 
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potential toxicological effects on human health, as chronic exposure to additives has been 
linked to metabolic, gastrointestinal, and reproductive disorders (Wahnou et al., 2025). While 
regulatory agencies approve these compounds based on toxicological assessments, the 
fundamental principle remains that any ingested substance can act as a poison depending on 
dosage and duration of exposure (Song et al., 2021). Increasing consumption of processed 
foods, has heightened the need to evaluate the safety of these additives, particularly their 
long-term physiological effects (Shi et al., 2024). Recent evidence highlight several food 
additives including artificial colorants, flavor enhancers and plasticizers as emerging 
endocrine-disrupting chemicals (EDCs) because they are seen to interfere with hormonal 
regulation by either acting like endogenous hormones, blocking hormone receptors, or 
altering synthesis and metabolic pathways (Shi et al., 2024).  
 
Carrageenan (CGN), a linear sulfated polysaccharide extracted from red seaweed, is used in 
the food industry as a gelling, thickening, and stabilizing agent (Jirillo, 2024). Among its 
forms, kappa carrageenan (K-CGN) forming strong, rigid gels in the presence of potassium 
ions is commonly applied as stabilizing emulsions in dairy products, beverages, and infant 
formulas (Tobacman, 2001). Although regulatory authorities have approved its use, however, 
there are concerns  that alkaline processing of K-CGN may generate low-molecular-weight 
fractions that degrade further in gastric acid, potentially triggering intestinal inflammation 
and compromising gut barrier integrity. Moreso, carrageenan-induced intestinal 
inflammation may activate systemic immune responses, elevating pro-inflammatory 
cytokines (TNF-α, IL-6) that suppress hypothalamic GnRH secretion (Rastegar et al., 2024). 
carrageenan exposure have been linked to oxidative stress, inflammatory responses, and 
cellular damage in various tissues (Weiner, 2014). Also, a variant form,  λ-carrageenan  inhibits 
sulfatase enzyme including steroid sulfatase in human intestinal L-cells, disrupting 
glycosaminoglycan metabolism and reducing glucagon-like peptide-1 (GLP-1) secretion 
(Bhattacharyya et al., 2012). However, the extent to which these effects translate into systemic 
toxicity, particularly in relation to reproductive health, remains insufficiently explored. 
However, evidence regarding its systemic effects remains limited and sometimes conflicting.  
The hypothalamic-pituitary-gonadal (HPG) axis governs reproductive function through a 
highly regulated feedback loop. Gonadotropin-releasing hormone (GnRH) from the 
hypothalamus stimulates anterior pituitary secretion of LH and FSH, which act on gonads 
(Daniels & Berger Eberhardt, 2024). This axis is vulnerable to disruption by genetic 
abnormalities, aging, nutritional deficiencies, and chemical toxicants (Ongaro et al., 2021). 
Despite the widespread use of k-cgn in food products, there is a paucity of data regarding its 
potential effects on glandular tissues. Therefore, this study aims to evaluate the effects of 
kappa carrageenan on the histomorphological alterations in the pituitary gland and 
assessment of  hormones of the HPG axis in adult Wistar rat models. 
 
 
MATERIALS AND METHODS 
Animal Care and Management 
Fifty-five (55) Adult male Wistar rats weighing between 180-200g, were procured from the 
Animal House of the Department of Anatomy, University of Benin. They were housed in 
plastic cages and allowed to acclimatize for two weeks under standard laboratory condition 
of 12 hrs dark and light cycles at room temperature. The rats were weighed at the time of 
procurement, during acclimatization, at the commencement of the administration, and during 
the treatment period, using an electronic analytical scale. The animals were given free access 
to standard rat chow (Grower’s mesh Produced by Flour mills Nigeria Plc.) and water ad 
libitum throughout the experimental period. All protocols were maintained according to the 
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Guide for the Care and Use of Laboratory Animals by the National Academy of Sciences 
(National Institute of Health, 1985). This study was approved by the Research and Ethics 
Committee of the College of Medical Sciences, University of Benin. All experimental 
procedures, including animal care, housing, and administration of the substances, were 
performed according to the standard protocol for the care and use of laboratory animals.  
The ethical approval number was CMS/REC/2021/173. 
 
Experimental design 
A total of fifty-five adult male Wistar rats were randomly assigned to two experimental units 
(Units I and II). κ-carrageenan (K-CGN) was prepared as a suspension in dissolved in aqueous 
solution, and administered via oral gavage.  
 
Unit I comprised thirty-five rats allocated into four groups (A–D) based on treatment dosage. 
Group A (control) consisted of five rats given feed and water ad libitum. Groups B, C, and D 
each contained ten rats and were administered κ-carrageenan (K-CGN) at doses of 500 mg/kg, 
750 mg/kg, and 1000 mg/kg body weight, respectively. Each treatment group (B–D) was 
further subdivided into two subgroups (n = 5 per subgroup) according to treatment duration 
and recovery assessment. Subgroups B1–D1 received their respective doses for 8 weeks, while 
subgroups B2–D2 was the reversal group,  were treated for 8 weeks followed by a withdrawal 
period to evaluate possible reversibility of effects. 
 
Unit II consisted of twenty rats, also divided into four groups (A–D) of five rats each. Group 
A served was the control given access to standard feed and water only. Groups B, C, and D 
were administered κ-carrageenan at doses of 500 mg/kg, 750 mg/kg, and 1000 mg/kg body 
weight, respectively, for a continuous duration of 16 weeks. 
 
Animal sacrifice and collection of samples 
At the end of the experimental period, the animals were humanely sacrificed following 
standard ethical guidelines for the care and use of laboratory animals. Prior to sacrifice, the 
animals were placed in a desiccator containing chloroform-soaked cotton wool to induce 
anesthesia, followed by euthanasia. Chloroform was selected as the euthanasia agent due to 
its rapid induction of deep anesthesia, which minimizes handling stress and ensures quick 
loss of consciousness when administered in a controlled environment. All procedures were 
conducted in accordance with institutional ethical standards to ensure minimal pain and 
distress. Blood samples were collected from the inferior vena cava, transferred into 
appropriate sample tubes, and the pituitary gland was excised from the rat cranium and fixed 
in 10% formal saline for histological assessment 
 
Hormone profile 
Blood samples were collected from the inferior vena cava and centrifuged to obtain serum. 
The supernatant was subsequently analyzed for hormones of the pituitary–gonadal axis—
prolactin, luteinizing hormone (LH), follicle-stimulating hormone (FSH), progesterone, 
testosterone, and estradiol were assayed following standard methods adopted from Uotila 
(1981) & Tietz (1992) using enzyme-linked immunosorbent assay (ELISA) hormone test kits 
(Monobind Inc., Lake Forest, CA, USA).  
 
Tissue processing 
The pituitary gland was placed in a standard fixative medium and processed according to 
standard histological procedures (Drury & Wallington, 1980). The tissues were prepared for 
light microscopy, which involved several steps: dehydration, clearing, infiltration, 
embedding, sectioning, staining, mounting, drying, cleaning, and labeling. The processed 
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slides were examined and captured using a light microscope (LABO Microsystems GmbH, 
Germany) equipped with a mounted Koppace 420MP USB Digital Microscope Camera to 
prepare micrographs.  
 
Statistical analysis 
Data on hormone profiles were analyzed using descriptive statistics. The results are displayed 
in tables and charts as mean ± standard error of the mean (SEM). To determine the significance 
of the mean differences across all assessed parameters, one-way analysis of variance 
(ANOVA) was conducted at a 95% confidence interval to identify statistical differences both 
between and within parameter groups. Least Significant difference (LSD) method to further 
elucidate the statistical differences within subgroups at P<0.05. 
 
RESULTS 
Hormone profile 
Table 1 presents a comparison of the mean values of pituitary and steroid hormones in rats 
treated with k-cgn for 8 weeks treatment and the group where treatment was withdrawn after 
eight weeks treatment. There was a statistically significant increase (P<0.05) in the mean 
serum level of follicle-stimulating hormone (FSH) in rats treated with 1000 mg/kg per body 
weight of K-CGN for 8 weeks and during withdrawal, compared to the control group. 
However, the mean serum FSH levels in the 8-week and withdrawal groups administered 500 
mg/kg and 750 mg/kg per body weight did not show significant differences compared to the 
control. Multiple comparisons between groups revealed a significant increase (P<0.05) in the 
withdrawal group treated with 1000 mg/kg body weight compared with those treated for 8 
weeks only.  
 
No statistically significant differences (P>0.05) were observed in the mean serum levels of 
luteinizing hormone (LH) across treatment groups administered 500 mg/kg, 750 mg/kg, and 
1000 mg/kg body weight for 8 weeks and withdrawal groups compared to the control.  
There was a significant increase (P<0.05) in prolactin levels in rats in the 8-week and 
withdrawal groups treated with 750 mg/kg and 1000 mg/kg per body weight, respectively, 
compared to the control. However, no significant change was observed in prolactin levels of 
rats treated with 500 mg/kg for 8 weeks and during withdrawal compared to the control. 
Multiple comparisons within groups showed a significant difference (P<0.05) in serum 
prolactin levels between the 8-week treatment and withdrawal groups. 
  
The mean serum level of estradiol showed no statistically significant differences (P>0.05) for 
all doses in rats treated for 8 weeks and withdrawal group compared to the control. Moreso, 
the mean serum level of progesterone was not significantly different (P>0.05) in rats across 
treatment groups compared to the control. There was a significant decrease (P<0.05) in the 
mean serum testosterone level in rats treated with 1000 mg/kg body weight for 8 weeks and 
those in withdrawal groups that received 750 mg/kg and 1000 mg/kg per body weight in the 
withdrawal group compared to the control. Multiple comparisons between the treatment 
groups for 8 weeks and withdrawal showed no statistically significant difference (P>0.05) in 
mean testosterone levels.  
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Table 1: Hormone profile of rats in control and k-cgn treated groups for 8 weeks and 
withdrawal groups 

Parameters Control 
500 mg/kg 
(8wks) 

500 mg/kg   
(WD) 

750 mg/kg  750 mg/kg 
(WD) 

1000 mg/kg  1000 mg/kg 
(WD) (8wks) (8wks) 

FSH                    
(mUI/ml) 

0.103±0.009 0.124±0.002 0.168±0.004 0.139±0.002 0.154±0.002 0.151±0.002a 0.190±0.188a,b 

                
LH                      
(mUI/ml) 

0.166±0.026 0.123±0.003 0.137±0.005 0.124±0.004 0.164±0.006 0.114±0.003 0.254±0.162 

                
PRL                    
(ng/ml) 

0.465±0.024 0.571±0.013 0.583±0.021 0.673±0.028a,b 0.701±0.032a,b 0.749±0.042a,b 0.864±0.079a,b 

                
ESTROG 
(pg/ml) 

2.39±0.140 2.281±0.092 2.252±0.038 2.211±0.065 2.266±0.062 2.252±0.062 2.045±0.050 

                
PROG                 
(ng/ml)  

2.308±0.027 2.233±0.092 2.346±0.051 2.367±0.167 2.332±0.089 2.459±0.011 2.235±0.082 

                
TEST                 
(ng/ml) 

3.133±0.337 3.154±0.360a 2.412±0.348 2.422±0.170 2.204±0.261a 1.812±0.302a 1.77±0.190a 

Values are presented as the mean SEM for each group (n=5/group). superscript “a” and “b” indicates 
significant difference at P<0.05 compared with control and reversal group respectively.  
 
 
Table 2 presents the hormonal profile of rats treated for16 weeks, indicating long-term 
exposure. A statistically significant increase (P<0.05) was observed in the mean serum level 
of FSH in rats treated with 750 mg/kg and 1000 mg/kg per body weight compared to the 
control group. No statistically significant change (p>0.05) was noted in the mean serum LH 
level across the treatment groups relative to the control. 
 
 A marked significant increase (P<0.05) in the mean serum prolactin level was found in rats 
treated with 750 mg/ and 1000 mg/kg per body weight compared to the control.  
There were no statistically significant changes (P>0.05) in the mean serum levels of estradiol 
and progesterone across the treatment groups compared to the control. However, a significant 
decrease (P<0.05) in testosterone was observed in rats treated with 1000 mg/kg per body 
weight, compared to the control. 
 
Table 2: Hormone profile of rats in k-cgn treated groups for 16 weeks  

Parameters Control 500 mg/kg 750 mg/kg 1000 mg/kg 

FSH (mUI/ml) 0.116±0.008 0.115±0.002 0.183±0.002* 0.196±0.002* 

     

LH (mUI/ml) 0.166±0.028 0.155±0.009 0.16±0.008 0.161±0.004 

     

PRL (ng/ml) 0.464±0.022 0.746±0.049* 0.516±0.025* 0.576±0.017* 

     

ESTROG (pg/ml) 2.454±0.116 2.538±0.067 2.377±0.021 2.445±0.021 

     

PROG (ng/ml  2.289±0.357 2.184±0.028 2.188±0.082 2.115±0.061 

     

TEST (ng/ml) 3.16±0.253 2.598±0.281 2.019±0.203 1.875±0.234* 

Values are presented as mean SEM for each group; n=5/group, * p<0.05, significant difference compared to the control 
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Histology 
The histoarchitecture of pituitary glandular tissue in the control group consisted of acidophils, 
basophils, chromophobes, stroma, and vascular structures, including sinusoids and capillary 
networks. Photomicrographs of sections from treated rats revealed significant 
histopathological changes across groups, indicating basophil atrophy accompanied by 
compensatory hypertrophy of acidophils and chromophobes, sinusoidal dilatation, and 
congestion. These changes increased in a dose-dependent manner. Prominent changes were 
observed at the high dose of 1000 mg/kg administered for 16 weeks, whereas changes in the 
withdrawal groups were not reversed. 
 

 
 

 
Plate 1; Photomicrograph of Rat Pituitary gland treated with 500mg/kg of k-cgn. (H&E x 400)  

 
Slide A; Is the control group shows normal histomorphology f the pituitary gland with 
basophils (A); B: acidophils (B); chromophobes (C); Stroma (D) and Sinusoids (E).  Slide B; 
represent the group that received 500 mg/kg body weight of k-cgn for 8weeks showing A: 
mild basophil atrophy, B: acidophil hypertrophy, and C: chromophobe hyperplasia. Slide C; 
withdrawal group given 8 weeks pretreatment showing A, basophil atrophy; B, acidophilic 
hypertrophy; C, chromophobe hyperplasia; D, sinusoidal congestion. Slide D; received 500 
mg/kg y weight of k-cgn for 16 weeks showing A: basophil atrophy, B: acidophilic 
hypertrophy, C: conspicuous nucleoli, and D, Severe sinusoidal congestion and dilation 
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Plate 2; Photomicrograph of Rat Pituitary gland treated with 750mg/kg of k-cgn. (H&E x 400)  

 
Slide A; Is the control group, slide B: was treated with 750 mg/kg body weight of k-cgn for 8 
weeks showing: A, basophil atrophy; B, mild acidophil atrophy; C, conspicuous nucleoli; and 
D, chromophobe hyperplasia. Slide C; withdrawal group given 8 weeks pretreatment 
showing A: basophil atrophy, B: acidophilic hypertrophy, C: conspicuous acidophil nucleoli, 
D: chromophobe hyperplasia, and E: sinusoidal congestion. Slide D: was treated with 750 
mg/kg body weight of k-cgn for 16 weeks, showing A: basophil cloudy swelling, B: acidophilic 
cloudy swelling, and C: severe sinusoidal congestion and dilatation.  
 

 
 

 
Plate 3; Photomicrograph of Rat Pituitary gland treated with 1000 mg/kg of k-cgn. (H&E x 400)  

 
Slide A; Is the control group, Slide B; was treated with 1000 mg/kg body weight of k-cgn for 
8 weeks showing A: severe sinusoidal congestion, B: basophil atrophy, C: acidophil 
hypertrophy, D: acidophil conspicuous nucleoli, and E: chromophobe hyperplasia. Slide C; 
withdrawal group given 8 weeks pretreatment showing A: severe sinusoidal congestion and 
dilation, B: chromophobe hypertrophy, and C: atrophy of basophils. Slide D= received 1000 
mg/kg body weight of k-cgn for 16 weeks showing A, severe sinusoidal congestion and 
dilatation; B, acidophil atrophy; C, basophil atrophy; D, chromophobe hypertrophy; and E, 
basophil cloudy swelling.  
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DISCUSSION 
The present study evaluated the effects of food-grade κ-carrageenan on the pituitary gland 
and its associated reproductive hormones in adult Wistar rats. The findings demonstrate that 
exposure to κ-carrageenan influenced pituitary endocrine function, as seen in the alterations 
of serum level of gonadotropins, sex steroids, and prolactin levels. These observations suggest 
that dietary κ-carrageenan may interact with the pituitary–gonadal axis and potentially 
modulate reproductive hormonal regulation. Follicle stimulating hormone (FSH) was 
elevated at high doses in rats treated with K-CGN in both short- and long-term exposures. 
FSH acts synergistically with testosterone; however, the role of FSH is mediated by its action 
on receptors in Sertoli cells, which are stimulated to produce androgen-binding proteins vital 
for testosterone concentration. This is influenced by the pulsatile release of gonadotropin-
releasing hormones via the negative feedback loop of Sertoli cell peptides (Park et al., 2017).  
 
A sharp decrease in testosterone was observed in this study as gonadotropin increased, which 
is the normal physiological response and could also be attributed to cellular changes in the 
anterior pituitary gland. Consumption of K-CGN caused a significant increase in serum 
prolactin in treated rats at short- and long-term exposures, suggesting hyperprolactinemia, 
which is highly implicated in hypogonadism, and high prolactin levels could inhibit the 
synthesis of testosterone indirectly, which in turn affects GnRH secretion and release of 
gonadotropin in a negative feedback loop (Fitzgerald & Dinan 2008), as observed in this study. 
Prolactin release is auto-regulated via a short feedback loop based on the activation of specific 
hypothalamic receptors found on dopaminergic neurons, which regulate sperm quality 
independent of the influence of gonadotropins; however, testicular steroids, such as estradiol, 
could disrupt prolactin inhibition (Kauffman, 2022). The changes in pituitary hormone levels 
were not reversible as the withdrawal model showed no evidence of recovery. There were no 
evident change in serum estradiol and progesterone levels in all treated groups across the 
various durations in this study; progesterone is seen to antagonize the role of testosterone in 
inhibiting pituitary secretions (Viuff et al., 2022; Chatzokou et al., 2025) as it has been reported 
to decrease plasma LH and testosterone levels, thereby distorting spermatogenesis (Lei  et al., 
2025). This study revealed a significant decrease in serum testosterone level, which is the 
major hormone responsible for the maintenance of the spermatogenic cell series until 
maturation via its synergistic action with Sertoli cells. Low testosterone levels were 
concurrently associated with high FSH and LH levels, as observed in this study (Santi et al., 
2020). Testosterone deficiency has been linked to male hypogonadism, as decreased serum 
levels due to testicular disease could affect the pituitary and hypothalamic responses. Low 
serum testosterone and high gonadotropin levels, as observed in this study, might be an 
indication that the pituitary gland may be grossly affected and trying to compensate for a 
deficiency, which is often an implication of primary hypogonadism (Genchi et al., 2022).   The 
mechanism of the effect of K-CGN on hormones of the pituitary gonadal axis in male species 
has not been reported.  
 
Microscopic assessment of tissues of the pituitary gonadal axis in adult male rats showed 
varying degrees of dose- and time-dependent morphological changes. This study showed that 
the pituitary glandular tissue was composed of acidophils, basophils, chromophobes, and 
blood vessels, with evidence of pathological changes following treatment with k-cgn. There 
was marked basophil atrophy, compensatory acidophil and chromophobe hypertrophy, as 
well as dilation and congestion of sinusoids at high doses in the long-term exposure group; 
however, these changes were more evident in the withdrawal group, and the 
histomorphological changes were not reversed but showed more severe degenerative changes 
in the cells and vessels, these effects corroborates an earlier report on the adverse effect of k-
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cgn in the vascular system, as it was seen to be thrombogenic (Hierschelmann and Bekemier, 
1987).  Similar study have also confirmed that k-cgn induced thrombosis in rodents (Dawen 
et al., 2020).These microscopic changes are consistent with the findings of the pituitary 
hormone assay in this study. 
 
CONCLUSION AND RECOMMENDATION 
This study demonstrates that oral administration of kappa carrageenan (k-cgn) at varying 
doses and durations induced significant hormonal dysregulation and histological alterations 
in the pituitary gland. Notable increases in serum follicle-stimulating hormone (FSH) levels 
were observed at high doses during both short- and long-term exposure, while prolactin levels 
were significantly elevated, indicating hyperprolactinemia. Concurrently, testosterone levels 
decreased. These hormonal alterations suggest a disruption of the hypothalamic-pituitary-
gonadal (HPG) axis, consistent with primary hypogonadism. Histological examination of the 
pituitary gland revealed dose- and time-dependent structural changes, including basophil 
atrophy, compensatory hypertrophy of acidophils and chromophobes, sinusoidal dilation, 
and congestion. These changes were more evident at high doses following long-term 
exposure. Critically, the absence of histological and hormonal recovery following withdrawal 
raises significant concerns about the long-term reproductive safety of chronic k-cgn 
consumption, particularly in populations with sustained dietary exposure through processed 
foods, and there should be urgent re-evaluation of acceptable daily intake thresholds. 
Although, the purely qualitative nature of the histological evaluation might be a limitation, 
Future research should incorporate quantitative assessment of tissue architecture, prioritize 
molecular studies examining k-cgn’s direct interaction with pituitary gonadotrophs, receptor 
binding assays for GnRH receptors to assess competitive inhibition, and investigations into 
its potential estrogenic or anti-androgenic activity as underlying mechanisms for the observed 
hormonal disruption. 
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