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RESEARCHES REGARDING OBTAINING OF A POSSIBLE ANTIDOTE IN HEAVY METALS POISONING.
NOTE 1. PRELIMINARY IN VIVO DATA UPON QUERCETOL EFFECT IN LEAD ACETATE POISONING
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Abstract

The aim of this paper is to point out biochemical modifications (SOD, catalase activities), hematological parameters (hemoglobin, hematocrit), δ-aminolevulinic acid (δ-ALA), lead urine concentrations and histological modifications (kidney tissues) produced by lead poisoning after quercetol administration. Results are expressed as mean ± standard deviation.

All these modifications are determined by quercetol-lead complexation, by quercetol protection upon hem biosynthesis and its potential role of antidote.
Rezumat

Scopul lucrării constă în evidenţierea modificărilor histologice ale ţesutului renal, precum şi a modificărilor biochimice (SOD, catalaza), hematologice (hemoglobina, hematocrit), a concentraţiei acidului δ-aminolevulinic şi a plumbului din urină, în intoxicaţia cu plumb, în urma administrării quercetolului.
Toate aceste modificări sunt determinate de acţiunea de chelatare a plumbului de către quercetol, de acţiunea sa de protecţie asupra biosintezei hemului, de potenţial rol de antidot.

· lead poisoning

· quercetol effect
· antidote 

INTRODUCTION

It is well known that inorganic lead compounds intoxication is characterized by hematotoxicity (erithrocytes membrane alteration, inhibition of thiolofore enzymes that blocks porphirinic chain, interference with heme biosynthesis, decrease hemoglobin and erytrocytes, increase δ-amino levulinic acid concentration in plasma and then in urine), nephrotoxicity (at proximal and distal tubules levels) and oxidative stress.

Oxidative stress mechanisms consist of aerobic oxidation of δ-amino levulinic acid (reaction catalysed by lead, at physiological pH) or autooxidation or enolisation, obtaining free oxygen radical species (RLO or ROS). These determine oxidative stress in organs which have accumulated δ-amino levulinic acid (kidneys). As a result of cellular membrane alteration hemolysis increases and also, the activity of stress enzymes (SOD, catalase) [1 - 3]. 

On the other hand, the antidotes used in such cases are less specific and have side effects (nephrotoxicity, Ca2+, Zn2+ depletion, cutaneous effects). This is the reason for our study, to find new sources of natural compounds with eventual antidote properties and fewer side effects.

From this point of view we chosen quercetol (3,3’,4’,5,7-pentahidroxiflavone), an aglycon of many flavonosides found in a wide variety of vegetal products used in phytotherapy as factor for decreasing the membrane permeability and as antioxidants.

Quercetol is better absorbed from the digestive tract compared to its heterozydes and can form chelates with bi- and plurivalent metals, soluble in water, more soluble in alkali media. 

It could interfere with lead toxodynamic by: lead elimination under the form of soluble complexes, restabilization of thiolofore enzymes activities, reducing erythrocytes membrane lipid peroxydation and restabilization of their resistance.

It could diminish hematotoxicity, vasculotoxicity and nephrotoxicity as a consequence of lead ions complex and antioxidant activity (scavenger or captation of RLO) with good effects on vascular fragility (this leads to perivascular hemorragies), so it could be used as curative and prophylactic agent [4].

We verified in vitro this hypothesis, by obtaining lead complex [5 - 6] and in vivo on Mytillus galloprovincialis species intoxicated with lead acetate and treated with quercetol. The decrease of SOD and catalase activities confirmed chelating and antioxidant properties and motivated us to carry on the experiment and verify it on experimental animals [7].

MATERIALS AND METHODS

Wistar mature rats, males and females, weighing 150- 160 ± 5 g, supplied by Cantacuzino Institute Bucharest were housed under laboratory bioclimatic conditions. The animals did not eat for 12 hours before the treatment, but they had free access to deionised water. 

All the substances were administered via oralis between 9 and 10 a.m. every day, for 14 days, and in this period the animals received deionised water ad libitum. 

Because quercetol is not soluble in water, it was administered as a suspension, and lead acetate was administered as a 20% solution with deionised water in 0.1 mL/kg body weight. The suspensions were obtained from 0.05 g and 0.1 g of quercetol dispersed in 1 mL of carboxymethyl cellulose mucilag 1%, then diluted with deionised water at 100 mL.

Quercetol · 2 H2O was purchased from Merck Laboratories and lead acetate · 3 H2O, carboxymethyl cellulose sodium salt from Roth Laboratory.
The animals were divided into 6 experimental groups of 6 animals each, treated as follows: 1 - quercetol 0.05 g/kg body weight; 2 – quercetol 0.1 g/kg body weight; 3 – lead acetate solution 20% (w/v) 0.1 mL/kg body weight; 4 – lead acetate solution 20% (w/v) 0.1 mL/kg body weight and quercetol 0.05 g/kg body weight; 5 – lead acetate solution 20% (w/v) 0.1 mL/kg body weight and quercetol 0.1 g/kg body weight; 6 - 0.1 mL/Kg body weight deionised water (the control group non-intoxicated).

After 14 days of treatment, urine (from 24 h) was collected, on day 15, the rats were anesthetized with diethylether in the same period of  time as the administrations were performed (9-10 a.m.) and blood samples were collected on EDTANa2 by vein puncture, liver and kidneys. We determined: catalase and SOD activities, hemoglobin, hematocrit, urine δ-aminolevulinic acid and Pb2+.

Catalase and SOD assay from liver. The liver fresh tissues were immersed into buffered NaCl solution 9g/L no more than 4 hours, than were weighted, homogenized into a Potter device and submitted to the extraction in distilled water at a ratio of 1:20 (w:w) for 1 hour at 4˚C. The extracts were centrifuged at 6000 rpm for 30 minutes. The supernatants were collected for spectrophotometric catalase and SOD activities assay. All the spectrophotometric assays were determined using Cecil Bio 2000 spectrophotometer.

Catalase activity assay was performed by Sinha method whose principle consists of reducing potassium dichromate in acid medium by hydrogen peroxide (as a result of oxidative stress) at chromic acetate (λ=570 nm) [8].

Superoxid dismutase (SOD) activity assay was appreciated by Winterbourn method (λ= 560 nm). The method consists of inhibitory SOD capacity of reducing the tetrazolium salt (Nitro Blue Tetrazoliu - NBT) at formazans by the superoxid radicals, generated in the reaction medium by riboflavin photoreduction [9].

Soluble proteins were determined using Lowry method (λ=660 nm). The method consists of obtaining a cupric complex and reducing phosphomolibdates and phosphotungsten compounds from Folin Ciocâlteu reagent by the protein phenolic compounds (blue – violet color) [10].

Hemoglobin and hematocrit assay. Hemoglobin was determined by Drabkin method, using kits, and hematocrit using a Beckman Coulter AC – T 8 [11].

δ-aminolevulinic acid urine assay was performed using Ehrlich reagent (λ= 553 nm). The spectrophotometric method consists of a condensation reaction between δ-aminolevulinic acid with acethylacetone (pyrolic compound) that in ethyl acetate medium reacts with Ehrilch reagent forming a red compound [12].

Lead urine assay was performed by flame spectrophotometric atomic absorbtion using a Schimadzu AA6300 device [13].

Kidneys histopathological exam. The kidneys tissues were immersed in 10% formaldehyde solution and processed by hematoxilin - eosin staining [14]. The examination was performed using a Labophot II Nikon microscope.

The results are expressed as mean ± standard deviation.

RESULTS AND DISCUSSION

The results of the determinations are listed in tables I – IV and figures 1 – 9.

Table I
Catalase and superoxid dismutase activities from liver tissue

	Experimental group
	Catalase activity

μmoles H2O2/ min. · mg protein

((x
[image: image1.wmf]± e.s), (n=6)
	Superoxid dismutase activity

U/ mg protein

((x
[image: image2.wmf]± e.s), (n=6)

	1
	22.62±5.43
	14.14±1.14

	2
	15.18±2.67
	13.21±4.21

	3
	27.87±4.68
	18.06±8.69

	4
	25.56±5.54
	18.74±8.69

	5
	25.39±0.89
	18.18±0.63

	6
	24.17±2.67
	16.27±2.12


From Table I analysis one can observe that quercetol reduces catalase and SOD activities correlated to the concentrations used, compared to the control group non-intoxicated. In the intoxicated control group (3) these two enzymes activities is higher. At groups 4 and 5 catalase activity is reduced to normal, but SOD activity remains unchanged.

From Table II we notice that the lowest hemoglobin and hematocrit concentration is registered for group 3 compared to the control group. Under quercetol treatment, hemoglobin and hematocrit values increase. Pb2+ complexation decreases membrane lipid peroxydation, increases red cells resistance (reduced hemolysis), removes oxidative stress, obviously at quercetol greater concentration (group 5). Because hemoglobin values are higher in group 5 compared to group 4, we assume that an excess of quercetol could also chelate iron. This is the reason that we consider  necessary to find out the ratio between lead acetate and quercetol as antidote.

Table II
 Hemoglobin and hematocrit values

	Experimental group
	Hemoglobin

g/dL

((x
[image: image3.wmf]± e.s), (n=6)
	Hematocrit

%

((x
[image: image4.wmf]± e.s), (n=6)

	1
	13.25±0.77
	38.1±3.40

	2
	13.35±1.34
	43.65±4.31

	3
	10.9±0.44 
	32.75±1.8

	4
	11.2±0.28
	34.6±0.49

	5
	13.4±1.09
	43.6±4.70

	6
	 13.66±1.28
	49.0±5.23


The excreted δ-aminolevulinic acid value in urine (Table III) decreases in groups 4 and 5 compared to group 3. This means that hem biosynthesis begins to increase under quercetol protection. The quercetol concentration seems to have a nephrotoxic effect, manifested by the higher amount of δ-aminolevulinic acid excreted in urine, which is greater in group 5.
Table III
Variation of δ-aminolevulinic acid concentration in urine 

	Experimental group
	δ-aminolevulinic acid

mg/L, ((x
[image: image5.wmf]± e.s), (n=6)

	1
	undetermined

	2
	4.38±2.61

	3
	46.63±9.89

	4
	33.30±7.50

	5
	36.48±11.89

	6
	2.9±2.30


Table IV
Variation of urine Pb2+ concentration 

	Experimental group
	Absorbance


	Pb2+ (mg/L)
	Standard

deviation

	1
	undetermined
	-
	-

	2
	0,0073
	0.00536
	0.0015

	3
	0.303
	1.4866
	0.0015

	4
	0.1235
	0.3652
	0.0012

	5
	0.207
	0.8862
	0.0021

	6
	undetermined
	-
	-


The urine lead concentration (Table IV) decreases in groups 4 and 5, more obviously fot quercetol 0.1 g/kg body weight. This presumes blocking of lead ions under a quercetol – lead complex, and that quercetol has a slow rate of urine elimination. 

The kidney histopatological renal exam performed with 40x objective (figures 3 - 9) and 100x objective (figures 1 – 2) shows normal renal tissue for groups 1 and 2; modifications of the renal tissue in group 3 under lead acetate influence, alterations at contort and distal tubules level, with macrophages loaded with Pb 2+appereance (fig. 3), and modified erytrocytes (fig. 4), renal tubules with glomerulus degenerescence and moderate beginning of sclerosis in groups 4 and 5 (fig. 5 – 7), with tubular necrosis (fig. 8). 

In groups 1, 2, 4 and 5 treated with quercetol, we noticed yellow lipid deposits on renal tubules walls, which might represent quercetol degradation compounds, quercetol deposits or lead – quercetol complex. These deposits could appear as quercetol solubilised (as liposoluble aglicon) in lipids from the renal degenerescent tissue.
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Figure 1

Normal renal tissue (group 1)
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Figure 2
Normal renal tubules (group 2)
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Figure 3

Renal tubules degenerescence, macrophages loaded with Pb2+, beginning of glomerulus sclerosis (group 3)
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Figure 4
Renal tissue sample – macrophages loaded with Pb2+, modified eritrocytes (group 3)
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Figure 5
Different stages of glomerulus destruction (mean level) (group 4)
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Figure 6
Lipids deposits (group 4)
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Figure 7
Renal tubules (distal) under different stages of destruction (group 5)
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Figure 8
Different stages of renal tubules necrosis (group 5)
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Figure 9
Renal tissue sample with normal renal tubules (group 6)


The preliminary obtained data after quercetol administration, in lead acetate induced intoxication revealed that:

· catalase activity decreases under quercetol influence;

· SOD activity does not modify under quercetol influence;

· hemoglobin and hematocrit values increase under quercetol treatment, and the variations among groups treated with different quercetol concentrations are not significant;

· δ-aminolevulinic acid concentration decreases in groups treated with quercetol and lead acetate (4 and 5) compared to the group treated with lead acetate (3);

· lead urine concentrations decrease in groups 4 and 5 compared to intoxicated control group;

· the histopathological kidney exam revealed less lesions at proximal and distal tubules (groups 4 and 5) compared to group 3 (macrophages loaded with Pb2+, modified erytrocytes, renal tubules degenerescence, beginning of glomerulus sclerosis). 

CONCLUSIONS

These modifications allow us to hope that quercetol could act as an antidote in lead acetate intoxication, because by chelating lead, it can exert protection on lipid membrane peroxydation at erytrocytes, glomerulus, and vascular levels.

The complex solubility (lead – quercetol) can be improved by co- administration of urine alcalinisantes.
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