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Abstract 

This study investigated the effects of cassava effluent on the histo-structure of the urinary bladder of albino rats and the 
implication on renal function markers. A total of 20 adult male albino Wistar rats weighing between 113g to 205g were 
divided into 5 groups and designated as group 1, 2, 3, 4, 5. Group 1 served as control and was given feed and water, 

while group 2 to 5 served as experimental groups. Group 2 was administered 20ml/kg of Garri effluent, group 3 was 
administered 10 ml/kg of Garri effluent, group 4 was administered 20 ml/kg of Fufu effluent, group 5 was administered 
10ml/kg of fufu effluent. All administration was carried out within 28 days and cassava effluent was administered orally 
using orogastric tubes. By the end of administration, the rats were sacrificed and their bladder harvested and fixed in 
10% buffered formalin, processed and stained with Hematoxylin and Eosin and observed under the microscope. Blood 
sample was collected for renal function analysis.  Results obtained from the study showed that cassava effluent caused 
damages in the bladder tissue, including hemorrhagic cystitis, disorganized epithelium, tissue edema, and detrusor 
muscle hypertrophy.  Cassava effluent also altered the levels of renal function markers, such as serum creatinine, serum 
urea and blood urea nitrogen. The study suggests that consumption of poorly prepared cassava products may have 

deleterious effects on bladder function and renal function parameters. 
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Introduction  

Cassava (Manihot esculenta Crantz), is a perennial shrub. It is currently the 
sixth world food crop for more than 500 million people in tropical and 
subtropical Africa, Asia, and Latin America [1]. It is cultivated mainly by 
resource-limited small farmers for its starchy roots, which are used as human 

food either fresh or in many processed forms or products, mostly starch, 
flour, and for animal feed. The crop is widely grown as a staple food and 
animal feed in countries of tropical and subtropical Africa, Asia, and Latin 
America with a total cultivated area of over 13 million hectares, more than 
70% of it being in Africa and Asia [2, 3]. It is currently the most important 
food source for carbohydrates, after rice, sugarcane, and maize [3].  Its main 
value is in its storage roots with dry matter containing more than 80% starch. 
For consumption, cassava cultivars low in cyanogens are preferably used to 
avoid health hazards [2]. Cassava cultivars high in cyanogens contain high 

levels of hydrocyanic acid and can be removed from cassava roots and leaves 
by using a mix of complex traditional methods and modern technologies 
during food processing and preparation [4]. Cassava is grown in marginal, 
low fertility acidic soils under variable rain-fed conditions ranging from less 
than 600mm per year in semi-arid tropics [5] to more than 1000mm in the 
sub-humid and humid tropics [6]. Storage roots are generally harvested 7-24 

months after planting, depending on the cultivar, the purpose of use, and 
growing conditions. Due to root perishability and rapid deterioration after 
harvest, roots have to be used immediately, either eaten raw, marketed for 
consumption, processed for starch extraction, dried for flour production, or 

roasted for food products [1]. Some of the processed food products are 
known as farinha da mandioca in Brazil, gablek in Indonesia, Garri and Fufu 
in West Africa. Garri is a roasted granular hygroscopic starchy food product, 
produced from cassava and consumed by millions of people in the West 
Africa subregion. Garri available in the market can be consumed directly 
without further processing in the dry form with peanut, coconut, smoked fish, 
soaked in water (sometimes with milk and beverage) or processed minimally 
using boiled water to form a stiff paste popularly called “eba” [7]. Fufu is a 
fermented wet paste made from cassava widely consumed in Nigeria and 

parts of West Africa [8]. It is ranked next to Garri as an indigenous food of 
most Nigerians. In Nigeria, it has commercial potential that has been reported 
to be increasing [9]. A safety concern among consumers of cassava 
processed products (Garri and Fufu) arises from the presence of cyanogenic 
glycoside which upon hydrolysis produces cyanohydrin that further breaks 
down to release hydrogen cyanide [10]. Other chemical constituents such as 
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nitrates and phosphates are found to be present in cassava-processed 
products. Chemical constituents such as cyanide, phosphate, nitrates at high 
levels have been seen to be highly toxic, thereby negatively impacting on 
organs of the body. These constituents are found to be present in cassava at 
high levels. Nigeria is populated with over 200 million people, and 7 in every 
10 Nigerians consume, at least, a product of cassava once in a day [11]. These 
products include: cassava flakes (garri), cassava flour (pupuru and lafun) and 
cassava paste (fufu) which are derived from cassava roots [12]. Since cassava 

products are dietary staple food in Nigeria and other countries in Sub-
Saharan Africa (SSA). It is pertinent to carefully study its impact on the 
bladder as well as its effects on renal function. 

Materials and Methods 

Animal Handling and Care 

Twenty (20) male Wistar rats, ranging in weight from 113 to 205g were 
acquired from the Animal House of the Faculty of Basic Medical Sciences, 
University of Uyo, Nigeria. Water was provided freely to the animals along 
with pelletized feed. The cages were kept in good condition by routinely 
replacing the sawdust bedding daily. 

Administration of Cassava Effluent 

Adminstration of cassava effluent to the animals was done according to a 
method described by Edem et al. [2]. The animals were divided into five 

groups (4 rats each). The groups were organized as follows: Group 1 rats 
(control group) were fed a normal diet and tap water; Group 2 rats were given 
20ml/kg of Garri effluent; Group 3 rats were given 10ml/kg of Garri effluent; 
Group 4 rats were given 20ml/kg of Fufu effluent and Group 5 rats were 
given 10ml/kg of Fufu effluent. Administration of cassava effluent took 
place for 28 days. 

Renal Function Test 

Plasma aspirates were analyzed for creatinine, serum urea, and blood urea 
nitrogen using COBAS C111 Automated Analyzer, according to standard 
biochemical methods. 

Animal sacrifice, Tissue Processing and microscopy 

The bladders of both the experimental and control groups were removed after 
sacrifice and placed in 10% neutral buffered formalin. The tissues passed 
through different stages of tissue processing which include; fixation 

dehydration, clearing, infiltration, embedding, sectioning (microtomy), 
staining and mounting. After these procedures, the tissue was then viewed 
with a microscope. Staining of bladder tissue was done using H&E. 

 

Statistical Analysis 

Data obtained from this study were subjected to One-way Analysis of 
Variance (ANOVA) using Graphpad Prism (version 8.0.2) to compare the 
experimental and control groups and presented as mean ± standard error of 
mean. 

Results 

Effect of Cassava Effluent on Serum Creatinine (SC), Serum Urea (SU) 

and Blood Urea Nitrogen (BUN) Levels of Male Albino Wistar Rats 

 

Results showed that there was significant increase in serum creatinine levels 
in all experimental groups after administration of cassava effluent.  
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Figure 1:  Serum Creatinine Level after the Administration of Cassava Effluents 

 

Similarly, our results also showed a significant increase in serum urea levels 
in all the experimental groups after administration of cassava effluent. The 

most significant increase was observed in group 2 that was administered 
20ml/kg of Garri effluent. 
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Figure 2: Serum Urea Level after the Administration of Cassava Effluents 

Moreso, significant increase in blood urea nitrogen levels were evident in all the experimental groups after administration of cassava effluent. 
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Figure 3:  Blood Urea Nitrogen Level after the Administration of Cassava Effluent 

Histo-structural Appearance of Urinary Bladder after Administration 

of Cassava Effluent 

Histological findings of group 1 showed a section of the urinary bladder with 
normal histological structure including a well-defined urothelium with 
transitional epithelium, intact lamina propria and usual detrusor muscle layer 
(Figure 4). Histological findings on the urinary bladder of albino rats in 

group 2 given 20ml/kg of Garri effluent showed a disorganized/eroded 
epithelium, tissue edema, and detrusor muscle hypertrophy (Figure 5). 

Histological findings on the urinary bladder of albino rats in group 3, given 
10ml/kg of Garri effluent showed disorganized/eroded epithelium, 
hemorrhagic cystitis, tissue edema and detrusor muscle hypertrophy (Figure 
6). Furthermore, histological findings on the urinary bladder of albino rats in 
group 4, given 20ml/kg of Fufu effluent showed disorganized/eroded 
epithelium, hemorrhagic cystitis within disorganized lamina propria, tissue 

edema and hypertrophied detrusor muscle (Figure 7) and finally,  histological 
findings on the urinary bladder of albino rats in group 5, given 10ml/kg of 
Fufu effluent revealed thickened epithelium, hemorrhagic cystitis, mild 
tissue edema and detrusor muscle hypertrophy (Figure 8). 
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Figure 4: Photomicrograph of urinary bladder of control animals given water and feed alone showing, a-well-defined urothelium with 

transitional epithelium, b-intact lamina propria and c- usual detrusor muscle layer. (H&E). 10x magnification. Inference: normal histo-

structure. 

 
 
 

 
Figure 5: Photomicrograph of urinary bladder of group 2 animals given 20ml/kg of garri effluent showing, a-disorganized/eroded epithelium, 

b- tissue edema, and c-detrusor muscle hypertrophy. (H&E). 10x magnification. Inference: severely affected due to inflammation. 
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Figure 6: Photomicrograph of urinary bladder of group 3 animals given 10ml/kg of garri effluent showing, a-disorganized/eroded epithelium, 

b-hemorrhagic cystitis, c-tissue edema and d-detrusor muscle hypertrophy. (H&E). 10x magnification. Inference: severely affected due to 

inflammation. 

 

 
Figure 7: Photomicrograph of urinary bladder of group 4 animals given 20ml/kg of fufu effluent showing, a-disorganized/eroded epithelium, 

b-hemorrhagic cystitis within disorganized lamina propria, c-tissue edema and d-hypertrophied detrusor muscle. (H&E). 10x magnification. 

Inference: severely affected due to inflammation. 
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Figure 8: Photomicrograph of urinary bladder of group 5 animals given 10ml/kg of fufu effluent showing, a-thickened epithelium, b-

hemorrhagic cystitis, c-mild tissue edema and d-detrusor muscle hypertrophy. (H&E). 10x magnification. Inference: mildly affected due to 

inflammation. 

Discussion 

This study evaluated the effect of cassava effluent on the urinary bladder and 

kidney function parameters of Wistar rats. Cassava effluent is a liquid waste 
generated during cassava processing into either Garri or Fufu. The effluent 
is known to contain cyanide and acidic pH in addition to other chemical 
characteristics such as heavy metals, chemical oxygen demand, biological 
oxygen demand among others [13]. Increase in serum urea and serum 
creatinine as seen in this study due to cassava effluent toxicity may be linked 
to disturbances in protein catabolism, a consequence of elevated synthesis of 
the arginase enzyme involved in urea production [14, 15]. In assessing 

kidney function, creatinine, a by-product of creatine phosphate in muscles, 
assumes a crucial role. Produced consistently by the body, creatinine is 
predominantly cleared from the bloodstream by the kidneys [14]. As the 
foremost endogenous marker, creatinine holds significant importance in 
evaluating glomerular function [14]. Estimating the glomerular filtration rate 
(GFR) is the clinically preferred method for assessing renal function, 
representing the rate (mm/min) at which substances are filtered or cleared 
from the blood through the kidney glomerulus [14]. Serum urea is the final 

metabolite of protein nitrogen balance. These measurements permit the 
assessment of the overall metabolism of proteins and amino acids through 
the exclusive hepatic urea cycle. Once in the bloodstream, urea is 
predominantly excreted by the kidneys. After undergoing glomerular 
filtration, a substantial percentage, varying between 40% and 60%, is 
reabsorbed at the tubular level, establishing it as a marker for renal function. 
Serum urea concentration increases with reduced glomerular filtration rate 
(GFR), and vice versa [14]. This means that serum urea increases in 

conditions where renal clearance decreases due to renal impairment. Blood 
Urea Nitrogen (BUN) denotes the nitrogen content, primarily in the form of 
urea circulating in the bloodstream and was reported to be significantly 
increased in rats induced with cadmium, indicating renal disturbances [14]. 
In the case of healthy animals, the renal glomerulus filters urea from plasma, 
although some urea returns to the blood through renal tubules, the major 
route of elimination is through urine. If the kidney is not operating 
effectively, it results in insufficient removal of urea from plasma, causing 
elevated BUN levels that vary in response to various physiological 

conditions like increased protein intake, intestinal bleeding, infection, fever, 
dehydration, medications, burns, and poisoning [16]. In this study, it was 
observed that rats given cassava effluent showed heightened serum urea 
levels compared to the control group, suggesting potential kidney damage. 
The pathogenesis of chemical-induced bladder damage hinges on oxidative 

damage, where free radicals play a central role in the mechanisms leading to 

urinary bladder toxicity [14]. Our study suggests that cassava effluent 
inflicted considerable bladder impairments on experimental rats. This claim 
was supported by examining photomicrographs from the histopathological 
analysis of bladder sections taken from control and experimental animals. 
Histological examinations revealed impaired bladder tissues, aligning with 
depreciated kidney function markers. This strongly supports the potential 
toxicity of cassava effluent on bladder tissues. The histopathological findings 
in this study align with the observations of Romaniuk et al [17] who 

demonstrated significant morphological changes in the tissue wall structures 
of the urinary bladder caused by heavy metal salts. Our study may point to a 
buildup of cyanide, nitrate and phosphate in urinary bladder tissue, providing 
an explanation for the observed histological alterations. According to studies 
by Feki-Tounsi and Hamza-Chaffai [18] and Golabek et al [19], bladder 
cancer tissues exhibited elevated cyanide concentrations compared to those 
in control animals. Due to the kidneys' function of expelling toxic 
substances, such as cyanide, nitrate and phosphate, through urine, these toxic 

substances can be held in the bladder, leading to their accumulation in its 
walls and potentially causing impairment of its function. Histological 
modifications were observed in the urinary bladder of rats administered 
cassava effluent. These include disorganized epithelium, hemorrhagic 
cystitis, tissue edema, and detrusor muscle hypertrophy. Lining the walls of 
the urinary bladder is a specialized stratified epithelium called the 
urothelium. The urothelium appeared rough and scattered due to cassava 
effluent toxicity. There was damage to the inner lining of the bladder and the 

blood vessels that supply blood to the bladder. The bladder was shown to be 
inflamed, and blood was seen in the lining of the bladder. The tissue of the 
bladder appeared swollen due to fluid accumulation caused by leakage of 
blood vessels in the bladder. The fibers of the detrusor muscle of the bladder 
were hypertrophic to compensate for increased workload of the bladder 
emptying. This is very common in conditions that obstruct the urine outflow, 
such as benign prostatic hyperplasia. An acidic environment in the bladder 
can lead to irritation and inflammation of the urothelium. Prolonged 
exposure to an acidic environment can cause chronic inflammation (cystitis) 

[20]. Furthermore, the urothelial barrier could be compromised by acidic pH, 
weakening the barrier in the process. The bladder tissues become more 
susceptible to damage and infection from harmful substances in urine, 
increasing the risk of pathological conditions [20]. Another study by Keay et 
al [21] reported that acidic environments can also lead to cellular damage 
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within the bladder's epithelial cells, increasing the permeability of the 
bladder wall and allowing toxins and irritants to penetrate deeper layers, 
potentially causing ulceration. Chronic exposure to an acidic pH can cause 
long-term damage to the urothelium. 

Conclusion 

Cassava effluent poses significant risk of damage to bladder urothelium and 
development of bladder diseases. In our study, cassava effluent had a 
significant effect on the histomorphology of the bladder and kidney function. 
We conclude that cassava effluent has detrimental effects on the bladder and 
serious care should be adopted during cassava processing.   

References 

1. Mabrouk, A. E. (2004). Cassava biology and physiology. 
Plant Molecular Biology, 56, 481-501.  

2. Edem, G.D., Ekanem, A.U., Ettetor, E.U, Ahorituwere, O.G. 
(2025). Relationship between Cyanide poisoning in Cassava 
Effluent and Epididymis of Albino Wistar Rats. Drug 
Discovery, 19: 2013. 

3. El-Sharkawy, M. A. (1993). Drought-tolerant cassava for 
Africa, Asia, and Latin America: Breeding projects work to 
stabilize productivity without increasing pressures on limited 
natural resources. Bioscience, 43, 441-451. 

4. Essers, A. J. A. (1995). Removal of cyanogens from cassava 
roots: Studies on domestic sun-drying and solid-substrate 
fermentation in rural Africa. 

5. De Tafur, S. M., El-Sharkawy, M. A, Calle, F. (1997). 
Photosynthesis and yield performance of cassava in seasonally 

dry and semiarid environments. Photosynthetica, 33, 229-257. 
6. Pellet, D, El-Sharkawy, M. A. (1997). Cassava varietal 

response to fertilization: Growth dynamics and implications for 
cropping sustainability. Experimental Agriculture, 33(3), 353-
365. 

7. Ogiehor, I.S., Ikenebomeh, M. J, Ekundayo, A.O. (2007). The 
bioload and aflatoxin content of market garri from some 
selected states in southern Nigeria: public health significance. 

African Health Sciences, 7.1-5. 
8. Blanshard, A.F.J., Dahniya, M.T., Poulter, N.H, Taylor A.J. 

(1994). Quality of cassava foods in Sierra Leone. Journal of the 
Science of Food and Agriculture 64: 425-432.  

9. Nweke, F.I, Bokanga, M. (1994). Importance of cassava 
processing for production in sub-Saharan Africa. Acta 
Horticulture. 375: 401-412. 

10. Afam-Anene, O.C, Tasie, T.C. (2015). Cyanide content of 
cassava products (Garri, Fufu and Abacha) produced in three 
Local Government Areas of Imo State. Nigerian Journal of 
Nutritional Sciences, 36: 1-9. 

11. Njoku D.N, Muoneke C.O. (2008). Effect of cowpea planting 
density on growth, yield and productivity of component crops 
in cowpea/cassava intercropping system. Agro-Science 
7(2):106-113. 

12. Ikuemonisan, E. S., Mafimisebi, T. E., Ajibefun, I, Adenegan, 
K. (2020). Cassava production in Nigeria: trends, instability and 
decomposition analysis (1970-2018). Heliyon, 6(10): 05089. 

13. Izah, S. C. (2019). “Cassava Mill Effluents Recycling through 
Bioenergy Production: A Review.” Environmental Analysis 
and Ecology Studies, 5(4). 5-10. 

14. Edem, G.D., David, J.U, Okon, K.A, Thompson H.I. (2024). 
Relationship between Cadmium Toxicity, Kidney Function 
Disturbances and Urinary Bladder Inflammation: The Role of 

Uvaria chamae in Mitigating these Effects. Drug Discovery. 
18:1968. 

15. Tormanen, C.D. (2006). Inhibition of rat liver and kidney 
arginase by cadmium ion. Journal of Enzyme Inhibition and 
Medicinal Chemistry, 21(1):119-123. 

16. Levey, A.S. (1990) Measurement of renal function in chronic 
renal disease. Kidney International; 38(1):167-184. 

17. Romaniuk A, Sikora V, Lyndin M, Smiyanov V, Sikora V, 

Lyndina Y, Piddubnyi A, Gyryavenko N, Korobchanska A 
(2017). The features of morphological changes in the urinary 
bladder under combined effect of heavy metal salts. 
Interventional Medicine and Applied Science, 9(2):105-111. 

18. Feki-Tounsi M, Hamza-Chaffai A. (2014). Cadmium as a 
possible cause of bladder cancer: a review of accumulated 
evidence. Environmental Science Pollution Research Institute, 
21(18):10561-10573. 

19. Golabek T, Darewicz B, Borawska M, Markiewicz R, Socha K, 
Kudelski J. (2009). Lead concentration in the bladder tissue and 
blood of patients with bladder cancer. Journal of Urology and 
Nephrology, 43 (6):467-470. 

20. Hurst, R. E., Roy, J. B., Min, K. W., Veltri, R. W, Murphy, L. 
J. (2014). The effects of acid pH on bladder epithelial cells in 
vivo and in vitro. The Journal of Urology,191(6), 1928-1936. 

21. Keay, S. K., Zhang, C. O, Hise, M. K. (2013). The effects of 

acid on bladder epithelial cells and associated changes in IC 
patients. BMC Urology, 13:12. 

 

 

 

 

 

 

 

 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mabrouk%2C+A.+E.+%282004%29.+Cassava+biology+and+physiology.+Plant+Molecular+Biology%2C+56%2C+481%E2%80%93501.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mabrouk%2C+A.+E.+%282004%29.+Cassava+biology+and+physiology.+Plant+Molecular+Biology%2C+56%2C+481%E2%80%93501.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Edem%2C+G.D.%2C+Ekanem%2C+A.U.%2C+Ettetor%2C+E.U%2C+Ahorituwere%2C+O.G.+%282025%29.+Relationship+between+Cyanide+poisoning+in+Cassava+Effluent+and+Epididymis+of+Albino+Wistar+Rats.+Drug+Discovery%2C+19%3A+2013.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Edem%2C+G.D.%2C+Ekanem%2C+A.U.%2C+Ettetor%2C+E.U%2C+Ahorituwere%2C+O.G.+%282025%29.+Relationship+between+Cyanide+poisoning+in+Cassava+Effluent+and+Epididymis+of+Albino+Wistar+Rats.+Drug+Discovery%2C+19%3A+2013.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Edem%2C+G.D.%2C+Ekanem%2C+A.U.%2C+Ettetor%2C+E.U%2C+Ahorituwere%2C+O.G.+%282025%29.+Relationship+between+Cyanide+poisoning+in+Cassava+Effluent+and+Epididymis+of+Albino+Wistar+Rats.+Drug+Discovery%2C+19%3A+2013.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Edem%2C+G.D.%2C+Ekanem%2C+A.U.%2C+Ettetor%2C+E.U%2C+Ahorituwere%2C+O.G.+%282025%29.+Relationship+between+Cyanide+poisoning+in+Cassava+Effluent+and+Epididymis+of+Albino+Wistar+Rats.+Drug+Discovery%2C+19%3A+2013.&btnG=
https://academic.oup.com/bioscience/article-abstract/43/7/441/249072
https://academic.oup.com/bioscience/article-abstract/43/7/441/249072
https://academic.oup.com/bioscience/article-abstract/43/7/441/249072
https://academic.oup.com/bioscience/article-abstract/43/7/441/249072
https://library.wur.nl/WebQuery/wurpubs/31592
https://library.wur.nl/WebQuery/wurpubs/31592
https://library.wur.nl/WebQuery/wurpubs/31592
https://link.springer.com/article/10.1023/A:1022116414969
https://link.springer.com/article/10.1023/A:1022116414969
https://link.springer.com/article/10.1023/A:1022116414969
https://www.cambridge.org/core/journals/experimental-agriculture/article/cassava-varietal-response-to-fertilization-growth-dynamics-and-implications-for-cropping-sustainability/67D604A13A095AEEAF0665906A7BE21B
https://www.cambridge.org/core/journals/experimental-agriculture/article/cassava-varietal-response-to-fertilization-growth-dynamics-and-implications-for-cropping-sustainability/67D604A13A095AEEAF0665906A7BE21B
https://www.cambridge.org/core/journals/experimental-agriculture/article/cassava-varietal-response-to-fertilization-growth-dynamics-and-implications-for-cropping-sustainability/67D604A13A095AEEAF0665906A7BE21B
https://www.cambridge.org/core/journals/experimental-agriculture/article/cassava-varietal-response-to-fertilization-growth-dynamics-and-implications-for-cropping-sustainability/67D604A13A095AEEAF0665906A7BE21B
https://www.ajol.info/index.php/ahs/article/view/7037
https://www.ajol.info/index.php/ahs/article/view/7037
https://www.ajol.info/index.php/ahs/article/view/7037
https://www.ajol.info/index.php/ahs/article/view/7037
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.2740640406
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.2740640406
https://onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.2740640406
https://www.actahort.org/books/375/375_41.htm
https://www.actahort.org/books/375/375_41.htm
https://www.actahort.org/books/375/375_41.htm
https://www.ajol.info/index.php/njns/article/view/166546
https://www.ajol.info/index.php/njns/article/view/166546
https://www.ajol.info/index.php/njns/article/view/166546
https://www.ajol.info/index.php/njns/article/view/166546
https://www.ajol.info/index.php/as/article/view/1591
https://www.ajol.info/index.php/as/article/view/1591
https://www.ajol.info/index.php/as/article/view/1591
https://www.ajol.info/index.php/as/article/view/1591
https://www.cell.com/heliyon/fulltext/S2405-8440(20)31932-0
https://www.cell.com/heliyon/fulltext/S2405-8440(20)31932-0
https://www.cell.com/heliyon/fulltext/S2405-8440(20)31932-0
https://m.milandmc.com/eaes/pdf/EAES.000618.pdf
https://m.milandmc.com/eaes/pdf/EAES.000618.pdf
https://m.milandmc.com/eaes/pdf/EAES.000618.pdf
https://www.researchgate.net/profile/Gabriel-Edem/publication/377951401_Relationship_between_cadmium_toxicity_kidney_function_disturbances_and_urinary_bladder_inflammation_The_role_of_Uvaria_chamae_in_mitigating_these_effects_Peer-Review_Model_External_peer-review_was_don/links/65be536e1bed776ae32acd7a/Relationship-between-cadmium-toxicity-kidney-function-disturbances-and-urinary-bladder-inflammation-The-role-of-Uvaria-chamae-in-mitigating-these-effects-Peer-Review-Model-External-peer-review-was-do.pdf
https://www.researchgate.net/profile/Gabriel-Edem/publication/377951401_Relationship_between_cadmium_toxicity_kidney_function_disturbances_and_urinary_bladder_inflammation_The_role_of_Uvaria_chamae_in_mitigating_these_effects_Peer-Review_Model_External_peer-review_was_don/links/65be536e1bed776ae32acd7a/Relationship-between-cadmium-toxicity-kidney-function-disturbances-and-urinary-bladder-inflammation-The-role-of-Uvaria-chamae-in-mitigating-these-effects-Peer-Review-Model-External-peer-review-was-do.pdf
https://www.researchgate.net/profile/Gabriel-Edem/publication/377951401_Relationship_between_cadmium_toxicity_kidney_function_disturbances_and_urinary_bladder_inflammation_The_role_of_Uvaria_chamae_in_mitigating_these_effects_Peer-Review_Model_External_peer-review_was_don/links/65be536e1bed776ae32acd7a/Relationship-between-cadmium-toxicity-kidney-function-disturbances-and-urinary-bladder-inflammation-The-role-of-Uvaria-chamae-in-mitigating-these-effects-Peer-Review-Model-External-peer-review-was-do.pdf
https://www.researchgate.net/profile/Gabriel-Edem/publication/377951401_Relationship_between_cadmium_toxicity_kidney_function_disturbances_and_urinary_bladder_inflammation_The_role_of_Uvaria_chamae_in_mitigating_these_effects_Peer-Review_Model_External_peer-review_was_don/links/65be536e1bed776ae32acd7a/Relationship-between-cadmium-toxicity-kidney-function-disturbances-and-urinary-bladder-inflammation-The-role-of-Uvaria-chamae-in-mitigating-these-effects-Peer-Review-Model-External-peer-review-was-do.pdf
https://www.researchgate.net/profile/Gabriel-Edem/publication/377951401_Relationship_between_cadmium_toxicity_kidney_function_disturbances_and_urinary_bladder_inflammation_The_role_of_Uvaria_chamae_in_mitigating_these_effects_Peer-Review_Model_External_peer-review_was_don/links/65be536e1bed776ae32acd7a/Relationship-between-cadmium-toxicity-kidney-function-disturbances-and-urinary-bladder-inflammation-The-role-of-Uvaria-chamae-in-mitigating-these-effects-Peer-Review-Model-External-peer-review-was-do.pdf
https://www.tandfonline.com/doi/abs/10.1080/14756360500483420
https://www.tandfonline.com/doi/abs/10.1080/14756360500483420
https://www.tandfonline.com/doi/abs/10.1080/14756360500483420
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Levey%2C+A.S.+%281990%29+Measurement+of+renal+function+in+chronic+renal+disease.+Kidney+International%3B+38%281%29%3A167-84.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Levey%2C+A.S.+%281990%29+Measurement+of+renal+function+in+chronic+renal+disease.+Kidney+International%3B+38%281%29%3A167-84.&btnG=
https://akjournals.com/view/journals/1646/9/2/article-p105.xml
https://akjournals.com/view/journals/1646/9/2/article-p105.xml
https://akjournals.com/view/journals/1646/9/2/article-p105.xml
https://akjournals.com/view/journals/1646/9/2/article-p105.xml
https://akjournals.com/view/journals/1646/9/2/article-p105.xml
https://link.springer.com/article/10.1007/s11356-014-2970-0
https://link.springer.com/article/10.1007/s11356-014-2970-0
https://link.springer.com/article/10.1007/s11356-014-2970-0
https://link.springer.com/article/10.1007/s11356-014-2970-0
https://www.tandfonline.com/doi/abs/10.3109/00365590903198991
https://www.tandfonline.com/doi/abs/10.3109/00365590903198991
https://www.tandfonline.com/doi/abs/10.3109/00365590903198991
https://www.tandfonline.com/doi/abs/10.3109/00365590903198991
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hurst%2C+R.+E.%2C+Roy%2C+J.+B.%2C+Min%2C+K.+W.%2C+Veltri%2C+R.+W%2C+Murphy%2C+L.+J.+%282014%29.+The+effects+of+acid+pH+on+bladder+epithelial+cells+in+vivo+and+in+vitro.+The+Journal+of+Urology%2C191%286%29%2C+1928-1936.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hurst%2C+R.+E.%2C+Roy%2C+J.+B.%2C+Min%2C+K.+W.%2C+Veltri%2C+R.+W%2C+Murphy%2C+L.+J.+%282014%29.+The+effects+of+acid+pH+on+bladder+epithelial+cells+in+vivo+and+in+vitro.+The+Journal+of+Urology%2C191%286%29%2C+1928-1936.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hurst%2C+R.+E.%2C+Roy%2C+J.+B.%2C+Min%2C+K.+W.%2C+Veltri%2C+R.+W%2C+Murphy%2C+L.+J.+%282014%29.+The+effects+of+acid+pH+on+bladder+epithelial+cells+in+vivo+and+in+vitro.+The+Journal+of+Urology%2C191%286%29%2C+1928-1936.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Keay%2C+S.+K.%2C+Zhang%2C+C.+O%2C+Hise%2C+M.+K.+%282013%29.+The+effects+of+acid+on+bladder+epithelial+cells+and+associated+changes+in+IC+patients.+BMC+Urology%2C+13%3A12.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Keay%2C+S.+K.%2C+Zhang%2C+C.+O%2C+Hise%2C+M.+K.+%282013%29.+The+effects+of+acid+on+bladder+epithelial+cells+and+associated+changes+in+IC+patients.+BMC+Urology%2C+13%3A12.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Keay%2C+S.+K.%2C+Zhang%2C+C.+O%2C+Hise%2C+M.+K.+%282013%29.+The+effects+of+acid+on+bladder+epithelial+cells+and+associated+changes+in+IC+patients.+BMC+Urology%2C+13%3A12.&btnG=


Clinical Research and Clinical Reports                                                                                                                                                                                          Page 7 of 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International 

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, 
and indicate if changes were made. The images or other third party material in this article are included in the article’s 

Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit 

http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver 
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless 

otherwise stated in a credit line to the data. 

 

 

Ready to submit your research? Choose ClinicSearch and benefit from:  
 

➢ fast, convenient online submission 
➢ rigorous peer review by experienced research in your field  
➢ rapid publication on acceptance  
➢ authors retain copyrights 
➢ unique DOI for all articles 
➢ immediate, unrestricted online access 

 

At ClinicSearch, research is always in progress. 

 

Learn more  https://clinicsearchonline.org/journals/clinical-research-and-

clinical-reports  

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://clinicsearchonline.org/journals/clinical-research-and-clinical-reports
https://clinicsearchonline.org/journals/clinical-research-and-clinical-reports

