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Methanol Root Extract of Clerodendrum capitatum
Protected Wistar Albino Rats from Butylated
Hydroxyl Toluene-Induced Oxidative Stress

Abstract

Clerodendrum capitatum has a wide range of ethnobiological applications which include,
among others, treatment of erectile dysfunction, management of diabetes mellitus and
cardiovascular diseases. The present study aimed to investigate the protective effects of
methanol root extract of Clerodendrum capitatum (MECC) on Butylated hydroxyl Toluene
(BHT) —induced oxidative stress in rats. The results show that MECC had protective effects
as evidenced by normalisation of the activities of alkaline phosphatase (ALP), aspartate
transaminase (AST), alanine transaminase (ALT) and concentrations of creatinine and urea
which were all significantly (p<0.05) raised by BHT administration. Elevated bilirubin
(total and direct) concentration was also reduced. The extract also raised the activities of
superoxide dismutase (SOD), glutathione-S-transferase (GST) and catalase (CAT) which
were all significantly reduced by BHT. Results also show that MECC pre-administration
reduced the significantly elevated low density lipoprotein (LDL) and triglyceride (TG)
concentrations, but had no significant effects on high density lipoprotein (HDL) and
cholesterol levels. It may be concluded from this study that MECC had hepato- and nephro-
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protective potentials probably due to its antioxidant effects.
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Introduction

Butylated hydroxyl toluene, BHT, is widely used as antioxidants
for the preservation of food colour, flavor and nutritive value.'
Numerous studies have described the adverse effects of BHT which
include pneumotoxicity?, hepatotoxicity’ and nephrotoxicity.* The
adverse effects of BHT is mainly due to metabolic activation to a
highly electrophilic BHT quinone methide (BHT-QM) intermediate
by cytochrome p450 monooxygenase.” BHT-QM can form covalent
adduct with macromolecules leading to the toxicities. /n vivo, host
defense mobilized against BHT-QM involve conjugation with
glutathione catalyzed by glutathione-S-transferase (GST) system, but
at high concentration, glutathione pool becomes depleted rendering
tissue nucleophiles susceptible to adduct formation with electrophilic
BHT-QM,; hence, precipitating organ damage Since the utility of BHT
and other industrial antioxidants is still under regulatory scrutiny,
attention is being shifted to natural products as sources of more
effective and safer antioxidants to improve the shelf-life of industrial
products products.

The genus Clerodendrum (Verbenacae) is very widely distributed in
tropical and sub-tropical region of the world and is comprised of small
trees, shrubs and herbs. The genus is taxonomically characterized by
its toothed, oppositely arranged leaves, terminally or auxiliary cymose
inflorescence, hypogenous bisexual flowers and persistence calyx.
The genus exhibited a wide range of folk and indigenous medicinal
uses. The roots of the plants are used traditionally in the management
of erectile dysfunction in male.® In Nigeria, it can be used traditionally
for bone healing, management of diabetes obesity and hypertension.
Other reported pharmacological properties include hypolipidemic,’
hepatoprotective activity against CCl, induced liver injury in rats® as
well as serotorgenic activity.’

In this study, we investigated the protective effects of methanolic
root extract of Clerodendrum capitatum (MECC) on butylated

hydroxytoluene induced damage in rats having established that
MECC has potent in vitro free radical scavenging activities and high
phenolic contents.

Material and methods
Chemicals

Phosphate buffered saline, hydrogen peroxide, thiobabituric
acid, ethanol, trichloroacetate, epinephrine, glutathione, sucrose,
1-chloro-2,4-dinitrobenzene, chloroform, methanol, ascorbic acid,
thiourea were obtained from sigma Aldrich. Sodium carbonate,
sodium hydroxide, sodium acetate, potassium dihydrogen phosphate,
potassium iodide were obtained from BDH. Kits for lipid profile,
kidney and liver function test were obtained from Randox, UK.

Experimental animals

The animals used for this study were Wister albino rats of about
8-10 weeks old. Sixteen (16) rats were purchased from the Biological
Sciences animal house of the University of Nigeria, Nsukka. The rats
were randomly distributed into four cages (four rats in each cage). The
animals were maintained on poultry feed (Grand Cereals and Oil Mills
Ltd, Nigeria) and tap water ad libitum. After a week of adaptation,
they were subjected to various treatments for BHT-induced studies.

Methods

Preparation of plant extract

The root of Clerodendrum capitatum was collected from Imo state,
Nigeria and was identified at the Herbarium, Department of Botany,
University of Nigeria, Nsukka. The plant part was washed, air dried
and reduced to fine powder by milling. The resulting powder was
extracted with absolute methanol, filtered and concentrated using
rotary evaporator and stored at 4°C for subsequent studies.
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Animals treatments

The experiment was carried out according to the method described
by'® with minor modifications. In brief, the rats were randomly divided
into four groups of four animals each, namely:

Group A: vehicle control

Group B: BHT treated

Group C: BHT + MECC (500mg/kg)
Group D: BHT + MECC (1000mg/kg)

Group C and D were intragastrically pre-administered different
doses of MECC while groups A and B were given the vehicle for
one week. At the end of 7" day, 1000 mg/kg b.w of BHT dissolved
in olive oil was given to groups B, C, D by gavage, 6 hrs after the
extracts and vehicle were administered. At the same time, rat in group
A were administered with the same volume of olive oil. All the rats
were anaesthetized and sacrificed 18 hours later. Blood samples
were collected by heart puncture while the livers were collected and
homogenized for biochemical assays.

Serum analyses

The blood samples collected by heart puncture were centrifuged
at 5000 rpm for 15 min, to obtain sera for biochemical analyses.
Aspartate transaminase (AST), alanine transaminase (ALT), alkaline
phosphatase (ALP), blood urea nitrogen, creatinine, cholesterol, low
density lipoproteins (LDL), very low density lipoprotein (VLDL),
high density lipoprotein (HDL), total bilirubin (TBil) and direct
bilirubin (DBil) were all determined according to the manufacturers
instructions enclosed in Randox kits.

Copyright:
©2022 Obietal. /9

Tissue homogenate analyses

Liver homogenate was prepared (10% in phosphate buffer saline,
pH 7.4) using a homogenizer. The homogenates were centrifuged
at 9000 rpm for 30 mins and the supernatant obtained for various
bioassays. Catalase (CAT) activity was determined according to
Aebi."" Superoxide dismutase (SOD) activity was determined by
the method of Misra and Fridovich."? Glutathione —S-transferase
(GST) activity was determined by the method of Mozer."® Protein
concentration was determined by the method of Lowry.'

Statistical analyses

Statistical analyses were performed by oneway analysis of
variance (ANOVA), followed by Least Significant Difference tests. A
probability value of p<0.05 was considered significantly different. All
experimental data were expressed as Mean + SEM.

Results

Effects of MECC on liver function in bht- induced
oxidative stress

The effects of MECC on serum AST, ALP, ALT, Tbil and Dbil are
presented in Table 1. Compared to the control group, and rats pre-
administered MECC, results show that ALP and AST activities were
significantly (p<0.05) increased in the BHT only rats. The serum
activities of ALT, Dbil and Tbil levels also increased in the BHT only
rats but not significantly compared to the control group (p>0.05). Pre-
administration of MECC therefore significantly reduced the BHT-
induced increase in the serum activities of heptic AST, ALT and ALP.

Table | Effect of MECC on alkaline phosphatase (ALP), alanine transaminase (ALT), aspartate transaminase (AST), total bilirubin and direct bilirubin

ALP (IU/L) ALT (IU/L)  AST (lU/L) Thbil (mg/dl) Dbil (mg/dl)
Control 82+ 532 27.66 £ 1.47 12839 + 1289 759 £ 1.29 12.79 £ 0.46
BHT-only 55.2 + 5.88* 34.60 £ 1.63 173.76 + 447* 1135+ 236 14.76 = 1.00
BHT + 500 mg/kg b.w. 35.16 £ 9.69 2624 £293 137.66 + 5.69 9.38 £2.01 10.50 = 0.56
BHT + 1000 mg/kg b.w. 20.85 * 6.62 28.10 % 1.17 10740 £ 17.13 892242 11.92 £ 0.07

Values are means * SEM (n=4)

(*) significantly different (p<0.05) from the control group

Effects of MECC on Kidney Function in BHT-induced
Oxidative Stress

As shown in Table 2, BHT significantly (p<0.05) raised the
concentrations of urea and creatinine compared to the control group.
Pre-administration of MECC at both 500 mg/kg b.w and 1000 mg/kg
led to reduction of urea and creatinine to the level not significantly
different (p<0.05) from normal group.

Table 2 Effects of MECC on Urea and Creatinine

Urea (mg/dl) Creatinine (umol/l)

Control 9.26 + 0.344 0.32 +0.09
BHT-only 13.04 + 037" 0.59 + 0.03"
BHT+500mg/kgbw 626 + 0.78 0.29 + 0.09
BHT+1000mg/ 8.89 + 0.50 0.25 + 0.02

kgbw

Values are means * SEM (n=4)

(*) significantly different (p<0.05) from the control group

Effects of Extract on Antioxidant Enzymes in BHT-
induced Oxidative Stress

As shown in Figure 1A-C, BHT administration significantly
(p<0.05) decreased the level of the enzymes SOD, GST and catalase
compared to the control. Pre-treatment with MECC at both 500 mg/kg
and 1000 mg/kg significantly enhanced the activities of these enzymes
to the level not significantly (p>0.05) different from normal group

Effects of Extract on Lipid Profile in BHT-induced
Oxidative Stress

The result showed that administration of BHT increased serum
triglyceride compared to the control group, though not significantly
(p>0.05). the concentration of LDL was significantly increased.
MECC pre-administration had no significant (p>0.05) effects,
cholesterol, VLDL, and HDL concentration.

Discussion

Butylated hydroxyl toluene has been used since 1950s for
preservation of wide variety of consumer products, including foods,
drugs and cosmetics. At high dose, BHT could induce hepatotoxicity'

Citation: Obi KN, Uzoegwu PN. Methanol Root Extract of Clerodendrum capitatum Protected Wistar Albino Rats from Butylated Hydroxyl Toluene-Induced
Oxidative Stress. | Anal Pharm Res. 2022;11(3):74-77.DOI: 10.15406/japlr.2022.11.00404


https://doi.org/10.15406/japlr.2022.11.00404

Methanol Root Extract of Clerodendrum capitatum Protected Wistar Albino Rats from Butylated Hydroxyl

Toluene-Induced Oxidative Stress

and pneumotoxicit.” In this study, the hepatic damage induced by BHT
was evidenced by pathologic surge in alanine transaminase, aspartate
transaminase, alkaline phosphatase and bilirubin (Table 1). Increases
in the concentrations of urea and creatinine were also observed
(Table 2) indicating that BHT at high concentration was nephrotoxic.
The observations are in consistent with previous studies.'®! Pre-

B

GST (unit)
SOD (AA/min/mg protein)
[=]

a
(=]

catalase (AA/min/mg protein)
Lol

Figure | Effects of MECC on antioxidant Enzymes in the liver.
Data represent means * SEM (n=4) (¥) significantly different (p<0.05) from
the control group

Antioxidant enzymes constitute the first line of defense against
xenobiotics. Glutathioe-s-transferase is particularly important in
the conjugation and hence inactivation of BHT-QM. In this study

Table 3 Effects of MECC on lipid profile
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administration of methanolic root extracts of Clerodendrum capitatum
offered protective effects to liver and kidney as evidenced by reduction
of transaminase activities, creatinine and urea concentrations. The
toxic effects of BHT is due to its metabolic conversion to BHT
quinone methide (BHT-QM) by CYP450 monooxygenases.

administration of BHT significantly reduced the activities of GST,
SOD.and catalase (FigurelA-C). Results also showed that pre-
administration of methanol root extract of Clerodendrun capitatum
enhanced the activities of those enzymes. The induction of GST
activity by the extracts is particularly important because of its direct
involvement in detoxification of BHT-QM by conjugation with
BHT.* Plant phenolics are known to induce xenobiotic conjugating
enzymes'®'® leading to modification of toxic effects of xenobiotics
such as BHT. Previous studies have indicated there is no significant
lipid peroxidation in BHT intoxication'®!” Thus, the toxic effect of
BHT is probably not due to lipid peroxidation but by other mechanisms
including glutathione (GSH) depletion.'”

Dislipidemia is a vital component of cardiovascular diseases.
Elevated low-density lipoproteins (LDL), very low-density
lipoproteins (VLDL), cholesterol, and reduced concentration of high
density lipoproteins (HDL) are all cardiovascular risk factors.”® In
this study, it was observed that BHT altered significantly elevated
the concentration of LDL, the bad cholesterol (Table 3). The study
also showed that pre- administration of MECC significantly reduced
the concentrations of LDL. HDL and VLDL were however, not
significantly affected by both BHT and the extract. This finding
corroborates' where prevention of pathologic alteration in lipid
profile induced by BHT was demonstrated. The reduction of LDL
concentration is clinically beneficial due to the implication of LDL in
the pathogenesis of cardiovascular diseases.”! The ability of the plant
extract to inhibit oxidation of LDL has equally been reported®*?, and
may account for inverse association between dietary flavonoid intake
and decrease in mortality due to heart diseases.”** Thus, MECC may
find use in prevention, management or treatment of cardiovascular
diseases which normally implicate altered lipid profile.

Cholesterol TG LDL VLDL
(mmol/L) (mmol/L) (mmol/L) (mmol/L)
Control 1.06 = 0.56 1.49 £ 0.39 1.34 £ 0.07 0.30 £ 0.02
BHT-only 1.03 +£0.18 1.89 +0.37 2.75 +0.22° 0.36 + 0.08
BHT + 500 mg/kg b.w. 1.12 £0.27 .41 +0.02 1.65+0.31 0.35 +0.04
BHT + 1000 mg/kg b.w. 0.99 + 0.04 1.82 £ 0.09 1.56 £0.25 0.45 £0.10
Values are Mean * SEM (n=4)
(*) significantly different (p<0.05) from the control group
Conclusion Funding
The results of this study demonstrate that MECC could prevent None.
acute BHT- induced oxidative organ damage in Wistar rats as evidenced
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by the reduction of elevated disease markers, and enhancement of
antioxidant enzymes in the liver.

Acknowledgements

The authors wish to express deep appreciation to Engr. Uche Obi
for his invaluable contributions to the success of this research.

Conflict of interest
The authors declare that there is no conflict of interest.

1. JECFA, Toxicological evaluation of certain food additives and contami-
nants in food, joint FAO/WHO Expert comitte on food additives. WHO
food additives series.1996;35:3-86.

2. Marino AA, Mitchel JT, lung damage in mice following intraperitoneal
injection of butylated hydroxyl toluene. In: proceeding of the Society of
for experimental Biology and medicine. 1972;140:122-125.

3. Powell CJ, Conolly AK, The site specificity and sensitivity of the rat
liver to butylated hydroxytoluene-induced damage. Toxicology and
Applied Pharmacology. 1991;108:67-77.

Citation: Obi KN, Uzoegwu PN. Methanol Root Extract of Clerodendrum capitatum Protected Wistar Albino Rats from Butylated Hydroxyl Toluene-Induced
Oxidative Stress. | Anal Pharm Res. 2022;11(3):74-77.DOI: 10.15406/japlr.2022.11.00404


https://doi.org/10.15406/japlr.2022.11.00404
https://apps.who.int/iris/handle/10665/37491
https://apps.who.int/iris/handle/10665/37491
https://apps.who.int/iris/handle/10665/37491
https://www.sciencedirect.com/science/article/abs/pii/0041008X9190269K
https://www.sciencedirect.com/science/article/abs/pii/0041008X9190269K
https://www.sciencedirect.com/science/article/abs/pii/0041008X9190269K

Methanol Root Extract of Clerodendrum capitatum Protected Wistar Albino Rats from Butylated Hydroxyl

Toluene-Induced Oxidative Stress

. Reed M, Fujiwara H, Thompson DC. comparative metabolism, covalent

binding and toxicity of BHT congeners in rat liver slices. Chemico-bio-
logical interactions. 2001;138:155-170.

. Witschi H, Malkinson AM, Thompson JA. Metabolism and pulmonary

toxicity of butylated hydroxyl toluene (BHT). Pharmacology and The-
rapeutics. 1989;42:113.

. LiuS, ZhuH, Zhang S, et al. Abietane diterpenoids from Clerodendrum

bungei. Journal of Natural Products. 2008;71:755-759.

. Adeleye AA, Adeleke TI, Adeneye AK, Hypoglycemic and hypolipide-

mic effects of the aqueous fresh leaves extract of Clerodendrum capita-
tum in Wistar rats. Journal of ethnopharmacology. 2008;116:7-10.

. Vidya S, Krisha V, Manjunatha BK, et al. Evaluation of hepatoprotective

activity of Clerodendrum serratum L. Indian Journal of Experimental
Biology. 2008;45:538-542.

. Siddig IA, Abdul WH, Osama YM, et al. Serotorgenic properties of the

roots of clerodendrum capitatum. American Journal of Biochemistry
and Biotechnology. 2008;4(4): 425-430.

. Nakagawa Y, Tayama K, Nakao T, et al. Effects of coboltous chloride

on Butylated hydroxytoluene-induced necrosis in rats. Toxicology and
applied pharmacology. 1984;24:85.

. Aebi H. Catalase in vitro. Methods in Enzymology. 1984;105:121-126.

. Misra HP, Fridovich I. Superoxide dismutase: ‘positive’ spectrophoto-

metric assays. Analytical Biochemistry. 1977;79(1-2):553-560.

. Mozer TJ, DC Tiemeier, EG Jaworski. Purification and characterisation

of corn glutathione S transferase. Biochemistry. 1983;22(5):1068-1072.

. Lowry QH, Rosebrough NJ, farr AL et al. Protein measurement with the

Folin phenol reagent. Journal of biological chemistry. 1951;193(1):256—
275.

. Nakagawa Y, Tayama K, Nakao T, et al. On mechanmism of butylated

hydroxyl Toluene — induced hepatic necrosis in rats. Biochemical Phar-
macology. 1985;33(16):2669-2674.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Copyright:
©2022 Obietal. 77

Nagata H, Takekoshi S, Takagi T, et al. Antioxidative action of flavo-
noids, quercetin and catechin, mediated by the activation of glutathio-
ne peroxidase. Tokai Journal of Experimental and Clinical Medici-
ne.1999;24:11.v

Nijveldt RJ, Van Nood E, Van Norren K. et al. Flavonoids: a review
of probable mechanism of action and potential applications. American
Journal of Clinical Nutrition. 2001;74:418-425.v

Nevland DE. The antioxidant/electrophilic response element motif.
Drug metabolism review. 2007;39:235-248.

Lin HM, Yen FL, Ng LT, et al. Protective effects of Ligustrum lucidum
fruit extract on acute butylated hydroxytoluene-induced oxidative stress
in rats. Journal of Ethnopharmacology. 2007;111:129-136.

Steinberg D, Parthasarathy S, Carew TE. Beyond cholesterol modifi-
cation of low density lipoprotein that increases its atherogenecity. New
England Journal of Medicine. 1984;320:915-924.

Cook NC, Samman S. Flavonoids chemistry, metabolism, cardioprotec-
tive effects, and dietary sources. Nutritional Biochemistry. 1996;7:66—
76.

De Whalley CV, Rankin SM, Hoult JRS, et al. Flavonoids inhibit the
oxidative modification of low density lipoproteins by macrophages. Bio-
chemical Pharmacology. 1990;39:1743-1750

Frankel EN, Kanner J, German JB, et al. Inhibition of oxidation of hu-
man low-density lipoprotein by phenolic substances in red wine. Lancet.
1993;341:454-457.

Renaud S, De Lorgeril M. Wine, alcohol, platelets, and the French para-
dox for cononary heart disease. Lancet. 1992;339:1523—1526.

Hertog MGL, Feskens EJM, Hollman PCH, et al. Dietary antioxidant
flavonoids and risk of coronary heart disease: The Zutphen Elderly Stu-
dy. Lancet. 1993;342:1007-1011.

Citation: Obi KN, Uzoegwu PN. Methanol Root Extract of Clerodendrum capitatum Protected Wistar Albino Rats from Butylated Hydroxyl Toluene-Induced
Oxidative Stress. | Anal Pharm Res. 2022;11(3):74-77.DOI: 10.15406/japlr.2022.11.00404


https://doi.org/10.15406/japlr.2022.11.00404
https://pubmed.ncbi.nlm.nih.gov/11672698/
https://pubmed.ncbi.nlm.nih.gov/11672698/
https://pubmed.ncbi.nlm.nih.gov/11672698/
https://pubmed.ncbi.nlm.nih.gov/2657809/
https://pubmed.ncbi.nlm.nih.gov/2657809/
https://pubmed.ncbi.nlm.nih.gov/2657809/
https://pubmed.ncbi.nlm.nih.gov/18348535/
https://pubmed.ncbi.nlm.nih.gov/18348535/
https://pubmed.ncbi.nlm.nih.gov/18055145/
https://pubmed.ncbi.nlm.nih.gov/18055145/
https://pubmed.ncbi.nlm.nih.gov/18055145/
https://pubmed.ncbi.nlm.nih.gov/17585689/
https://pubmed.ncbi.nlm.nih.gov/17585689/
https://pubmed.ncbi.nlm.nih.gov/17585689/
https://thescipub.com/pdf/ajbbsp.2008.425.430.pdf
https://thescipub.com/pdf/ajbbsp.2008.425.430.pdf
https://thescipub.com/pdf/ajbbsp.2008.425.430.pdf
https://pubmed.ncbi.nlm.nih.gov/3975933/
https://pubmed.ncbi.nlm.nih.gov/3975933/
https://pubmed.ncbi.nlm.nih.gov/3975933/
https://pubmed.ncbi.nlm.nih.gov/6727660/
https://pubmed.ncbi.nlm.nih.gov/17332/
https://pubmed.ncbi.nlm.nih.gov/17332/
https://pubmed.ncbi.nlm.nih.gov/6838840/
https://pubmed.ncbi.nlm.nih.gov/6838840/
https://pubmed.ncbi.nlm.nih.gov/14907713/
https://pubmed.ncbi.nlm.nih.gov/14907713/
https://pubmed.ncbi.nlm.nih.gov/14907713/
https://pubmed.ncbi.nlm.nih.gov/6466378/
https://pubmed.ncbi.nlm.nih.gov/6466378/
https://pubmed.ncbi.nlm.nih.gov/6466378/
https://pubmed.ncbi.nlm.nih.gov/10530620/
https://pubmed.ncbi.nlm.nih.gov/10530620/
https://pubmed.ncbi.nlm.nih.gov/10530620/
https://pubmed.ncbi.nlm.nih.gov/10530620/
https://pubmed.ncbi.nlm.nih.gov/11566638/
https://pubmed.ncbi.nlm.nih.gov/11566638/
https://pubmed.ncbi.nlm.nih.gov/11566638/
https://www.tandfonline.com/doi/abs/10.1080/03602530601125000
https://www.tandfonline.com/doi/abs/10.1080/03602530601125000
https://pubmed.ncbi.nlm.nih.gov/17157464/
https://pubmed.ncbi.nlm.nih.gov/17157464/
https://pubmed.ncbi.nlm.nih.gov/17157464/
https://pubmed.ncbi.nlm.nih.gov/2648148/
https://pubmed.ncbi.nlm.nih.gov/2648148/
https://pubmed.ncbi.nlm.nih.gov/2648148/
https://www.sciencedirect.com/science/article/pii/S0955286395001689
https://www.sciencedirect.com/science/article/pii/S0955286395001689
https://www.sciencedirect.com/science/article/pii/S0955286395001689
https://pubmed.ncbi.nlm.nih.gov/2344371/
https://pubmed.ncbi.nlm.nih.gov/2344371/
https://pubmed.ncbi.nlm.nih.gov/2344371/
file:///D:/2.Gopi%20Nadh/2022/6.June/27-06-2022/JAPLR-11-00404/Correction1/Inhibition%20of%20oxidation%20of%20human%20low-density%20lipoprotein%20by%20phenolic%20substances%20in%20red%20wine.%20Lancet.%201993;341:454–457.
file:///D:/2.Gopi%20Nadh/2022/6.June/27-06-2022/JAPLR-11-00404/Correction1/Inhibition%20of%20oxidation%20of%20human%20low-density%20lipoprotein%20by%20phenolic%20substances%20in%20red%20wine.%20Lancet.%201993;341:454–457.
file:///D:/2.Gopi%20Nadh/2022/6.June/27-06-2022/JAPLR-11-00404/Correction1/Inhibition%20of%20oxidation%20of%20human%20low-density%20lipoprotein%20by%20phenolic%20substances%20in%20red%20wine.%20Lancet.%201993;341:454–457.
https://pubmed.ncbi.nlm.nih.gov/1351198/
https://pubmed.ncbi.nlm.nih.gov/1351198/
https://pubmed.ncbi.nlm.nih.gov/8105262/
https://pubmed.ncbi.nlm.nih.gov/8105262/
https://pubmed.ncbi.nlm.nih.gov/8105262/

	Abstract 
	_Hlk107059296

