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Abstract:
Phenolic compounds are exist in water bodies due to discharge of polluted waste waters from
industrial and agricultural are known to be toxic and both humans and animals. One of the phenolic
derivative is Bisphenol A (BPA) which is mainly found in plastics, epoxy resins. These are harmful
to kidney, endocrine system & reproductive system. The detrimental renal eff ects attributed to
phenol toxicity include tubular necrosis, protein cast formation, and papillary hemorrhage. To the
best of our knowledge, there is not a comprehensive study on renal biochemistry and ultrastructural
changes of the kidney due to phenol administration. Th e purpose of the present study was to
investigate the eff ects of phenol administration on the biochemical and histological integrity of
the kidney in BALB/c mice
Keywords: Phenolic compounds, Toxicity, CKD

INTRODUCTION:
Phenoilic compounds are class of organic compounds with a hydroxyl groups directly bounded to
one or more aromatic rings .The existence of phenolic compounds in water can be attributed to
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natural and anthropogenic activities. Natural sources of phenolic compounds in water pollutions
include decomposition of dead plants and animals in the water. Phenolic compounds present in
food like hydroxycinnamic acid derivatives Flavanoids such as black grape , apple, citrus fruits ,
plums , cherries, mangoes , apricot , tomato& leguminous plants like peas , beans and red wine .
Phenols are uremic toxins of intestinal origin formed by bacteria during protein metabolism. Of
these molecules, p-cresol is the most studied and has been associated with renal function
impairment and vascular damage. One of the phenolic compound is bisphenol A (BPA) found in
plastic bottles, epoxy resins, hemodialyzers. BPA is conjugated by glucorinic acid in bowel and
liver and excreted in urine as

BPA- glucorinide , and these accumulation causes uremic toxins , are responsible for the loss of
renal function. Symptoms like anorexia, vomiting, weakness, sleep disturbances, neuropathy and
reproductive development.

MATERIALS:

Chemical — Phenol at concentrations of 80 , 180 & 320 mg/kg

Animal — Rat (weight — 30gms)

Estimation of creatinine, BUN & ALP- Jaff e method, Urease-Berthelot method, Enzymatic
method spectrophotometer.

METHODS:

1. Renal dysfunction by phenol in water

Phenolic compounds exist in water bodies due to the discharge of polluted waste water from
industrial, domestic and agricultural activities into water bodies. These compounds are severe toxic
and long-lasting effects on humans and animals. They cause damage to red blood cells and liver
by acting as carcinogens. By interacting these compounds with micro-organisms, inorganic and
organic compounds in water may produce substituted compounds or other moieties which may be
toxic.

2. Renal dysfunction by phenol in food
Ethanol and nonalcoholic wine compounds, especially polyphenols influence oxidative stress it
causes nephrons damage leads to improper functioning of the kidney. Flavonoid of naringenin
found in grapefruit, oranges, and tomatoes regulates a protein that decreases growths related to
kidney cysts, which can lead to kidney failure.

3. Renal dysfunction by BPA in hemodialysers :

Polycarbonate polymers used in several types of medical devices. Industries utilise these for its
stability, toughness, optical clarity and resistance to heat and electricity. When BPA is used in
medical device products against their efficiency in the treatment, as well as toxicological profile
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of alternative materials. Three months of continuous use of same type of dialyser with BPA
containing membranes to increase circulating ¢ —reactive protein (CRP) and IL-6 with respective
BPA free dialysers .The accumulation of BPA and potential toxicity due to the loss ofBPA
excretion mechanism in urine .The migration of BPA from dialysers to the blood of patients and
its inefficient removal due to the high protein bound fraction of plasma BPA .

Toxicity of Phenols in ckd

Phenols and indoles are the best-characterized protein-bound uremic toxins. Both have been
related to progression of renal failure and to vascular damage. These toxins are metabolites of
protein catabolism by intestinal bacteria, which is greatly increased in patients with CKD. Phenols
and indoles have been linked to multiple clinical changes in CKD patients. bothindoxyl sulphate
as p- cresylsulfate have been associated with accelerated renal function deterioration . BPA is
conjugated by glucorinic acid in bowel and liver and excreted in urine as BPA- glucorinide, and
these accumulation causes uremic toxins, are responsible for the loss of renal function. Symptoms
like anorexia, vomiting, weakness, sleep disturbances, neuropathy and reproductive development.

BPA glucuronide
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Bisphenol A glucuroni

Procedure:

Experimental design

Th e experiment was carried out for 10 consecutive days and the animals were randomly divided
into 1 control group and 3 experimental groups, each comprising 10 mice. Th e control group
received only distilled water, whereas the experimental groups received phenol at daily
concentrations of 80, 180, and 320 mg/kg, respectively.
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Blood collection

At 24 h aft er administration of the last doses, the animals were anesthetized with chloroform
vapor, quickly brought out of the jar. Th ewhole blood was collected into sterilized vials aft er
direct cardiac puncture. Blood samples were allowed to clot at 4 °C and centrifuged at 5000 rpm
for 10 min. After separation of the sera, they were put intosterile tubes for measurement of the
biochemical parameters.

Biochemical analysis

Serum levels of sodium and potassium were measured in advance using flame photometry while
levels of chloride and bicarbonate were measured bytitration procedures. Serum samples were
analyzed for total protein by the Biuret method, for creatinine(CRT) according to the Jaff e method,
for blood ureanitrogen (BUN) by the modified urease-Berthelotmethod, and for alkaline
phosphatase (ALP) activity by the enzymatic method, using a spectrophotometer.

Histopathological assessment for renal injury

For optical microscopy, immersion of the left kidney was maintained overnight in 10% neutral
buffered formalin for fixation. The kidneys were then sectioned at 5 um with a microtome and
stained with hematoxylin and eosin (H&E). The sections were photographed directly using a
stereomicroscopeat 400x high-power fi elds with a Microsoft system. Th e following criteria were
used for registeringthe histological changes of the kidney: (++++), adominant change in all of the
animals; (+++), are latively common change in all of the animals; (++),a change in all of the
animals; and (+), a change in afew of the animals. In each group, 4 samples of renal cortex from
each animal were selected and the severities of the lesions were evaluated. According to the
changes in the renaltubules, glomeruli, and interstitium, the lesions were classified as mild (+),
moderate (++), intense (+++), and severe (++++).

Data analysis and statistics
All of the results were expressed as means and the standard errors of the means. Analysis of
variance (ANOVA) was used to test the overall significance of diff erences among the means.

RESULTS:

Effect of phenol administration on the biochemical parameters

The serum levels of sodium, potassium, chloride, bicarbonate, and total protein were not
significantly affected, but the CRT, BUN, and activity of ALP in the sera of phenol-treated mice
showed a significant increase in comparison with the control group (P <0.05).

Histopathological findings
In the mice that received 80 mg/kg phenol, the kidney showed hyperemia. Th is alteration, as well
asmoderate interstitial lymphoplasmacytic nephritis, was observed in the group receiving 180
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mg/kg. At320 mg/kg, severe interstitial lymphoplasmacyticnephritis and necrosis of the renal
tubules were also observed (Table 1) Other parts ofthe kidney showed no pathological changes.

Ultrastructural findings

Changes including reduction in the number and size of the microvilli in the epithelial cells of the
proximal convoluted tubules (PCTs), deformation and shrinkage of the nuclei, deformity in the
shape of the mitochondria and folding of the cytoplasm of the epithelial cells of the PCTs, dilation
in the urinary space of the renal corpuscles, and formation of endothelial electron-dense deposits
(EEDs) in the basement membranes of the glomeruli were seen in the mice that received phenol.

TABLE:1 histological changes in the kidney of mice exposed to diff erent concentrations of
phenol by the gavage method for 10 days .

Findings / groups

80 mg /kg phenol daily

180mg/kg phenol daily

320mg/kg phenol daily

Necrosis of renalt tubule

++

Interstitial
lymphoplasacytic nephritis

++

++++

++++

Hyperemia

+++

++

4+

Lesion described as (++++): a dominant change in all of the animals of each group; (+++): a
relatively common change in all of the animals of each group; (++): a change in all of the animals

of each group; (+): a change in a few of the animals of each group.

Figure 1 : Kidney transverse sections of the mice treated with phenol at a daily concentration of
320 mg/kg for 10 days continuous days: a) necrosis of the epithelial cells of the renal tubules
(double-headed arrows) at 100x, b) massive necrosis of the renal tubules (double-headed arrows)
and interstitial lymphoplasmacytic nephritis (arrows) at 400x, ¢) necrosis of the epithelial cells of
the renal tubules (double-headed arrows) and dilation of the interstitial tissue of the kidney (IS) at
100x, d) severe hyperemia in the renal tissue (triangle) at 100x. Hematoxylin and eosin stain.

TABLE: 2 Ultrastructural features of renal lesions observed in mice exposed to diff erent
concentrations of phenol by the gavage method for 10 days.
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Renal lesions/groups 80mg/kg 180mg/kg 320mg/kg
phenol daily phenol daily phenol daily

Decrease in the number + +++ ++++
and size of the microvilli
in the epithelial cells of
thePCTs

Deformation and ++ ++ 4+
shrinkageof nuclei,
malformation of
mitochondria and folding
of cytoplasm in the
epithelial cells of PCTs.
Dilation of urinary space +++ ++ +++
of the renal corpuscles.

Formation of EEDs in the + + +++
basement membrane of
the

glomerulus.

DISCUSSION:

Estimation of the renal excretion of the waste metabolites and histological changes in the kidney
has provided useful information on the health status of the kidneys. CRT and BUN are waste
products of protein metabolism that have to be excreted by the kidney. Therefore, it is found that
increases of CRT and BUN in this study are indicators of the biochemical damage to the kidney.
Electrolytes and the water excretion balance are regulated via the kidneys;. Serum concentrations
of electrolytes and excretory materials are important measures in assessing the biochemical
capabilities of the kidney because they demonstrate the presence or absence of active lesions in
the kidney and the biochemical capacity of the different parts of the nephron. Creatinine, urea, and
electrolytes (sodium, potassium,

chloride. and bicarbonate) are the most sensitive biochemical markers employed in the diagnosis
of renal damage, since CRT and BUN are excreted through the kidney while the electrolytes are
reabsorbed and excreted in the tubules.

CONCLUSION:

Phenols are uremic toxins of intestinal origin formed by bacteria during protein metabolism. Of
these molecules, p-cresol is the most studied and has been associated with renal function
impairment and vascular damage. The effect of phenol, damaged peripheral renal symapathetic
nerves .BPA distrupts renal function with phenolic structures, used in the synthesis of
polycarbonate plastics and epoxy resins. Exposure of these mainly through the diet, in particular
from food & beverages. BPA exposure results from either the release of unpolamerized monomers
or the slow decay of polymer bonds, it leads to release of monomer in to liquids and foods. In
patients with abnormal kidney function, BPA may accumulate in the serum. The BPA can be
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extracted from the device by hydrophobic components present in the blood. In recent studies,
chronic use of BPA free dialysers indicate decrease of BPA serum levels in dialysed patients
reflecting the effect on inflammation and oxidative stress. The significant increases observed in
serum CRT and BUN levels, AIP activity and histopathological changes of the renal tissue in mice
exposed to phenonic components indicate tissue injury and it leads to nephrotoxicity.

References:

1. Phenolic compounds in water: sources reactivity, toxicity and treatment methods by
William W. Anku, Messai A. Mamo and Penny P. Govender.

2. Vogel SA. The politics of plastics: The making and unmaking of bisphenol A
“Safety”.American Journal of Public Health. 2009;99(Suppl 3):S559-S566. DOI:
10.2105/AJPH.2008.159228.

3. Rubin MM. Antenatal exposure to DES: Lessons learned...future concerns. Obstetrical&
Gynecological Survey. 2007;62(8):548-555. DOI: 10.1097/01.0gx.0000271138.31234.d7

4, Volkel W, Colnot T, Csanady GA, Filser JG, Dekant W. Metabolism and kinetics of
bisphenol A in humans at low doses following oral administration. Chemical Research in
Toxicology. 2002;15(10):1281-1287

5. Calafat AM, Kuklenyik Z, Reidy JA, Caudill SP, Ekong J, Needham LL. Urinary
concentrations of bisphenol A and 4-nonylphenol in a human reference population. Environmental
Health Perspectives. 2005;113(4):391-395

6. Calafat AM, Ye X, Wong LY, Reidy JA, Needham LL. Exposure of the US population to
bisphenol A and 4-tertiary-octylphenol: 2003—2004. Environmental Health Perspectives. 2008;
116(1):39—44. DOI: 10.1289/ehp.10753

7. Bushnik T, Haines D, Levallois P, Levesque J, Van Oostdam J, Viau C. Lead and bisphenol
A concentrations in the Canadian population. Health Reports. 2010;21(3):7-18

8. Zhang J, Cooke GM, Curran IH, Goodyer CG, Cao XL. GC-MS analysis of bisphenol A
In human placental and fetal liver samples.. Journal of Chromatography B, Analytical
Technologies in the Biomedical and Life Sciences. 2011;879(2):209-214. DOI: 10.1016/j.
jchromb. 2010. 11.031.

9. Mose T, Mathiesen L, Karttunen V, Nielsen JK, Sieppi E, Kummu M, et al. Meta-analysis
of data from human ex vivo placental perfusion studies on genotoxic and immunotoxic agents
within the integrated European project NewGeneris. Placenta. 2012;33(5):433— 439. DOL:
10.1016/j.placenta.2012.02.004

10. Balakrishnan B, Henare K, Thorstensen EB, Ponnampalam AP, Mitchell MD. Transfer of
bisphenol A across the human placenta. American Journal of Obstetrics and Gynecology. 2010;
202(4):el-e7. DOI: 10.1016/j.2j0g.2010.01.025

11.  Bisphenol A Exposure and Health Risks http://www.intechopen.com/books/bisphenol-a-
exposure-andhealth-Risks.

4627



China Petroleum Processing and Petrochemical Technology

Catalyst Research Volume 23, Issue 2, December 2023 Pp. 4621-4629

12. Finkelstein Y, Rezvani M, Garcia-Bournissen F, Nurmohamed L, Koren G. Inactive
pharmaceutical ingredients: implications for pregnancy. Can J Clin Pharmacol 2007; 14: 17-28.
13. Michalowicz J, Duda W. Phenols - sources and toxicity. Pol J Environ Stud 2007; 16: 347-
62.

14. Bruce W, Meek ME, Newhook R. Phenol: hazard characterization and exposure-response
analysis. Environ Carcino Ecotox Rev 2001; 19: 305-24.

15.  Edwards VT, Jones BC, Hutson DH. A comparison of the metabolic fate of phenol, phenyl
glucoside and phenyl 6-O-malonyl-glucoside in the rat. Xenobiotica 1986; 16: 801-7.

16. Hughes MF, Hall LL. Disposition of phenol in rat aft er oral, dermal, intravenous, and
intratracheal administration. Xenobiotica 1995; 25: 873-83.

17. Meerman JHN, Nijland C, Mulder GJ. Sex diff erences in sulfation and glucuronidation of
phenol, 4-nitrophenol and N-hydroxy-2-acetylaminofl uorene in the rat in vivo. Biochem
Pharmacol 1987; 36: 2605-8.

18. Tremaine LM, Diamond GL, Quebbemann AlJ. In vivo quantifi cation of renal glucuronide
and sulfate conjugation of 1-naphthol and p-nitrophenol in the rat. Biochem Pharmacol 1984; 33:
419-27.

19. Moser VC, Cheek BM, MacPhail RC. A multidisciplinary approach to toxicological
screening:

II1. Neurobehavioral toxicity. J Toxicol Environ Health 1995; 45: 173-210.

20.  Reynolds ES. Th e use of lead citrate at high pH as an electronopaque stain in electron
microscopy. J Cell Biol 1963; 17: 208-12.

21. Panda NC. Kidney. In: Talwar GP, Srivastava LM, Moudgil KD, editors. Textbook of
biochemistry and human biology. 2nd ed. India: Prentice-Hall; 1989. p.276-92.

22.  Kaplan LA, Pesce AJ, Kazmierczak SC. Clinical chemistry: theory, analysis, correlation.
4th ed. New York: Mosby; 2002.

23.  Nelson DL, Cox MM. Lehninger principles of biochemistry. 3rd ed. New York: Worth
Publishing; 2000. p.628-32.

24, Ghaznavi R, Faghihi M, Kadkhodaee M, Shams S, Khatar H. Eff ects of nitric oxide on
gentamicin toxicity in isolated perfused rat kidneys. J Nephrol 2005; 18: 548-52.

25.  Deichmann WB, Keplinger ML. Phenols and phenolic compounds. In: Clayton GD,
Clayton FE, editors. Patty’s industrial hygiene and toxicology. 3rd ed. New York: John Wiley and
Sons; 1981. p.2567-627.

26. Berman E, Schlicht M, Virginia C, Moser VC, MacPhail RC. A multidisciplinary approach
to toxicological screening: I. Systemic toxicity. J Toxicol Environ Health 1995; 45: 127-43.

27. Nakazawa T, Kasahara K, Ikezaki S, Yamaguchi Y, Edamoto H, Nishimura N et al. Renal
tubular cyst formation in newborn rats treated with p-cumylphenol. J Toxicol Pathol 2009; 22:
125-31.

28.  Barlas N, Aydogan M. Histopathologic effects of maternal 4-tert-octylphenol exposure on
liver, kidney and spleen of rats at adulthood. Arch Toxicol 2009; 83: 341-9.

4628



China Petroleum Processing and Petrochemical Technology

Catalyst Research Volume 23, Issue 2, December 2023 Pp. 4621-4629

29. Hansch C, McKarns SC, Smith C, Doolittle DJ. Comparative QSAR evidence for a free-
radical mechanism of phenolinduced toxicity. Chem Biol Int 2000; 127: 61-72.

30. Robb RM, Marchevsky A. Pathology of the lens in Down’s syndrome. Arch Opthalmol
1973; 96: 1039-42.

31. Nakamura S, Terashima M, Kikuchi N, Kimura M, Maehara T, Saito A et al. A new mouse
model for renal Lesions produced by intravenous injection of diphtheria toxin A-chain expression
plasmid. BMC Nephrol 2004; 5: 11-5.

32.  Zahra TOOTIAN, Ali LOUEI MONFARED, Simin FAZELIPOUR, Mohammad Taghi
SHYBANI, Fatemeh ROUHOLLAH, Farhang SASANI, Ebrahim MOLAEMI: Biochemical and
structural changes of the kidney in mice exposed to phenol.

4629



