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Abstract
The in vitro release of trichlorphon (TCP) from acidic solutions was studied using a static diffusion cell battery, through cellulose membranes. The amount of toxic released compound decreases in the following order: cellophane (83%), cuprophan (78%) and cellulose acetate (74%). There was also studied the influence of adsorptive powders upon the decreasing amount of the released compound. We observed that the powder mixture cellulose acetate: bentonite reduced with 45% the TCP released amount and the magnesium trisilicate: bentonite mixture, with only 11%. The release kinetics were determined using the first order model, according to the equation: w = 100 (1-e-kt).

Rezumat

S-a studiat cedarea in vitro a triclorfon (TCP) din soluţii acide într-o baterie de celule de difuzie în regim static, prin membrane celulozice. Cantitatea de toxic cedat descreşte în ordinea: celofan (83%), cuprophan (78%) şi acetat de celuloză (74%). De asemenea s-a studiat influenţa pulberilor adsorbante asupra descreşterii cantităţii de compus cedat. S-a observat că amestecul de pudră acetat de celuloză: bentonită a redus cu 45% cantitatea de TCP cedat şi cea de trisilicat de magneziu: bentonita, cu numai 11%. S-au determinat cineticile de cedare prin folosirea unui model de ordinul întâi, conform ecuaţiei: w = 100 (1-e-kt).
· in vitro release

· trichlorfon
INTRODUCTION

The risk of dermal contamination is an yet unsolved problem for the people handling toxic substances, especially pesticides. Organophosphorus pesticides are generally more toxic (potent cholinesterase inhibitors) than organochlorine or carbamate compounds. All the researches studying the transmembrane transfer, the influence of different factors on the released toxic amount through artificial membranes, animal skin or human skin, led to some estimations of the long-term risks for the exposed subjects [1]. 
MATERIALS AND METHODS

Chemicals

· Acetonitrile (HPLC grade), Fluka

· Methanol (HPLC grade), Fluka;

· Sulphuric acid 98%, Merck;

· Water for HPLC, conductivity<2.3µS/cm;

· Trichlorfon (Dipterex, Chlorofos, Metrifonate, Tugon, Neguvon)
· CAS registry number: 52-68-6;
· chemical name: dimethyl 2,2,2-trichloro-1-hydroxyethylphosphonate;

· chemical structure: (CH3-O)2P(O)-CH(OH)CCl3;
· solubility in water: 15.4g/100ml (25°C);

· partition coefficient (octanol/water): log Pow=0.57;
· it is relatively stable in water below pH=5.5;
· at higher pH, trichlorfon (TCP) undergoes transformation to dichlorvos (2,2-dichlorovinyl dimethyl phosphate), via dehydrochlorination: 
(CH3-O)2P(O)-CH(OH)CCl3 ( (CH3-O)2P(O)-O-CH=CCl2;
· 98% purity, determined by RMN spectral analysis and HPLC;
· TCP is a moderately toxic organophosphorus ester insecticide: oral LD50= 400-800 mg/kg body weight and dermal LD50 = 2000 mg/kg body weight (for rat, laboratory animals) [2, 3].

· Powders of pharmaceutical grade: bentonite (B), cellulose acetate (AC), magnesium trisilicate (TSM).
Membranes

The tested membranes were cellulose type, unmodified cellulose - cellophane, cuprophan and  modified/regenerated cellulose – cellulose acetate [4, 5].
· Cellophane, with low content of cellulose;
· Cuprophan-dialysis membrane; 
· Cellulose acetate- regenerated cellulose, maxim value 14.5 kDa;
Experimental procedures

· The release rate was studied using a static system (Hanson Research) composed of a battery with 6 diffusion vertical cells with a capacity of 12 ml, equipped with a thermostatic bath, injection system, samples evacuation system,  agitation clamp, computerized control of temperature and agitation. The system was maintained at 32(1ºC with a circulating water jacket. A donor compartment was adapted for the study of  the toxic compound transfer into membranes.

· Trichlorfon concentration in the receptor compartment was determined using HPLC (HP 1100 with DAD detector, thermostatic autosampler, degasser, binary pump);

· Ultrasonic Cleanear, Branson 2510;

· Analytical Balance, BP121 S, Sartorius.

In vitro release studies

All the experiments were effectuated in similar mode, following a pre-existent protocol. In the donor compartment it was introduced 0.6 ml trichlorfon aqueous solution   10% (pH=3.2). The flux cells have a defined receiving volume and delivery area. The receiving medium was aqueous solution (pH=3.2; 1ml H2SO4 2.5M solution to 1 liter bidistillated water) and was stirred using magnetic bars (400 rpm) to ensure a constant homogeneous solution. The tested membranes were cut to appropriate sizes and previously equilibrated with the fresh receiving medium. Samples (0.5ml) were taken from receiving solution at 5, 15, 45, 75, 135 and 195 minutes from the set up time and replaced with the same volume of receiving medium to maintain a constant volume. The samples taken from receptor medium were directly analyzed, without a separation procedure. HPLC method was used to determine the amount of toxic compound released. Calibration curve (50-5000µg/ml) and amount of unknown TCP released was determined in the following conditions: 

· Analytical Column: Michrosorb C18, 150*4.6mm; 5µm;
· Mobile phase: acetonitrile : water (pH 3.2 with H2SO4);
· Solvents rate: 13:87 v/v acetonitrile / water;
· Elution  –  isocratic, flow : 1ml/minute;
· Column temperature: 40°C;
· Detection – Diode Array Detection (DAD); (=220(4nm; (ref=280(4nm;
· Injection volume: 100µl, automatically.
RESULTS AND DISCUSSION
The membrane transfer of TCP through three cellulose membranes: cellophane, cuprophan and cellulose acetate.

A sufficient number of replicates, six, for the determination of released TCP amount through each membrane, were effectuated. The released profiles of trichlorfon, from donor solution through different membranes, are presented in figure 1. These values represent mean data.
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Figure 1

The comparative transfer of TCP through different membranes

The amount of toxic released compound decreases in the following order: cellophane (83%), cuprophan (78%) and cellulose acetate (74%).

In order to accomplish a kinetic evaluation of the in vitro release of the toxic compound from solution, the experimental values were fitted after a first order model, using the following equation [6]:


w = 100 (1-e-kt), 



w = % toxic released; 



 k = release rate constant;



 t = time (minutes).

The release constant is explicit logarithmically:




 k=-ln(1-w/100)/t
In the following figure (2) it is presented the linearity of the experimental data in conformity with the previous equation; the release constants rates for the tested membranes are evaluated.
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Figure 2
Linearity of the experimental data for TCP

These values reflect the decreasing hydrophilic character of the tested membranes in order: cellophane> cuprophan> cellulose acetate (k=0.0152; 0.0071; 0.0097).  This is in concordance with the increasing cellulose content of these membranes.


From the release constants rates will be calculated half time t1/2 for each membrane, in conformity with the equation:



t1/2 = ln 2/k


The t1/2 values decrease in order: 98 minutes (cellulose acetate), 72 minutes (cuprophan), respectively 46 minutes (cellophane). The following chart presents these values.
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Figure 3

The influence of the release rate constants on t1/2
In other experiments, membrane transfer of TCP was evaluated in vitro, using a flow - through  diffusion cells [7]; the curves are biexponential type; the fitting of the experimental data showed “apparent “ elimination constants which were quite different from the real ones, imposed by the condition of the experiment [ke=(2ml/min)/12.6ml = 0.157minutes-1].

The influence of adsorptive powders on the decrease of TCP released amount

The experiments with adsorptive powders were effected in order to partially inhibit the transfer of toxic compound from donor into receptor solution. In the end we obtained an antidote to percutaneous intoxications with organophosphorus compounds.

The adsorptive powders were pulverised to area membranes, 2 minutes after the toxic was introduced and then the donor compartments were occluded; the powders were previously weighed for each cell.

For this experiment, it was chosen the cuprophan membrane and two adsorptive powders: TSM: B (1/1 g), respectively AC: B (1/1 g) (fig. 4).
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Figure 4

The influence of adsorptive powders upon the TCP released

It was observed that the mixture powder AC: B reduced with 45% the amount of toxic released, and TSM: B reduced it with only 11%.  

In the following figure (5) it is presented the linearity of the experimental data in conformity with the previous equation. It results the release constants values for the three cases: kcuprophan = 0.0097; kcuprophan+TSM:B = 0.0057; kcuprophan+AC:B = 0.0030.
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Figure 5

Linearity of the experimental data for TCP

It was observed that the presence of AC: B mixture powder induced a k decreasing value with a factor of 3.2 and only of 1.7 for TSM: B. Similarly, the t1/2 values increase in the order: 71.4 minutes (cuprophan), 121.6 minutes (TSM: B), respectively 231 minutes (AC: B).

CONCLUSIONS

· In all the cases, there are implicated two interfacial transfers and diffusion through membrane; the different hierarchies of the rate of these processes lead to two types of time dependence of the transferred amount: exponential and linear. The linear case can be considered as a degenerated exponential decay for a relative small time interval (few hours)
· The adsorptive powders can be used to reduce accumulated or transferred toxic compounds through membranes.
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TCP solution +TSM:B

TCP solution + AC:B

Time (minutes)

TCP released (%)

6.3975
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8.078

15.8825

14.4825

11.486

39.9275

29.8075

22.15

55.2825

38.405

28.325

73.2775

55.585

38.075

78.5725

69.9225

43.2025



celofan

		timp		1		2		3		4		5		6		medie

		0		0		0				0		0		0		0

		5		9.86		11.42				13.1		16.72		17.16		13.652

		15		25.7		29				21.2		30		33		27.78

		45		55.32		57.58				58.24		55.78		59		57.184

		75		68		72.4				71.03		66.8		70.8		69.806

		135		74.4		80.6				83.2		74.2		81.6		78.8

		195
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Timp (min.)

Dypterex cedat (%)

Cedare dypterex prin membrana de celofan

0
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0

0

0

9.86

11.42

13.1

16.72

17.16

25.7

29

21.2

30

33

55.32

57.58

58.24

55.78

59

68

72.4

71.03

66.8

70.8

74.4

80.6

83.2

74.2

81.6



Comparatie

		timp		1		2		3		4		5		6		medie

		0				0				0		0		0		0

		5				5.89				6.13		6.89		6.68		6.3975

		15				15.9				15.76		15.8		16.07		15.8825		Cuprophan

		45				41.75				38.93		38.93		40.1		39.9275

		75				59				54.03		54.13		53.97		55.2825

		135				74.19				73.18		72.63		73.11		73.2775

		195				79.65				79.35		75.97		79.32		78.5725

		timp		1		2		3		4		5		6		medie

		0				0				0		0		0		0

		5				7.59				8.45		9.27		9.55		8.715

		15				14.38				13.8		14.48		15.27		14.4825		Cuprophan+ B:TSM (1:1)

		45				31.6				28.67		28.44		30.52		29.8075

		75				40.03				36.74		36.88		39.97		38.405

		135				58				55.92		53.74		54.68		55.585

		195				68.69				72.41		68.06		70.53		69.9225

		timp		1		2		3		4		5		6		medie

		0				0				0		0		0		0

		5				6.29		7.1		7.62		9.06		10.32		8.078

		15				10.73		10.95		11.4		12.16		12.19		11.486		Cuprophan+B:AC(1:1)

		45				22.56		22.35		21.99		21.5		22.35		22.15

		75				28.87		28.74		27.95		28.13		28.35		28.325

		135				38.73		39.85		37.75		38.16		37.66		38.075

		195				42.81		45.56		43.65		43.7		42.65		43.2025

		timp		cuprophan		celofan		acetat de celuloza

		0		0		0		0

		5		6.3975		13.652		4.5025

		15		15.8825		27.78		10.66

		45		39.9275		57.184		29.075

		75		55.2825		69.806		42.33

		135		73.2775		78.8		64.4325

		195		78.5725		83		74.2225

		5		0.0661130935		0.1467845432		0.0460701169

		15		0.172955555		0.3254531701		0.1127208701

		45		0.5096180199		0.8482583215		0.3435472053

		75		0.8048052621		1.1975269568		0.5504330784

		135		1.3196642788				1.0337378864

		195						1.3556681676
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membrana cuprophan; k=0.0097

membrana celofan; k=0.0152

membrana acetat de celuloza; k=0.0071

Timp (minute)

-ln(1-w/100)

Linearizarea datelor experimentale pentru DYP dupa un model de cedare de ordinul I
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acetatde celuloza

		timp		1		2		3		4		5		6

		0		0		0				0		0		0

		5		4.76		5.89				6.13		6.89		6.68		6.3975

		15		13.88		15.9				15.76		15.8		16.07		15.8825

		45		37.56		41.75				38.93		38.93		40.1		39.9275

		75		52.6		59				54.03		54.13		53.97		55.2825

		135		64.97		74.19				73.18		72.63		73.11		73.2775

		195		65.17		79.65				79.35		75.97		79.32		78.5725

		timp		1		2		3		4		5		6

		0		0		0		0		0		0		0		medie

		5				7.59		8.09		8.45		9.27		9.55		8.59

		15				14.38		14.22		13.8		14.48		15.27		14.43

		45				31.6		32.94		28.67		28.44		30.52		30.434

		75				40.03		42.92		36.74		36.88		39.97		39.308

		135				58		67.02		55.92		53.74		54.68		57.872

		195				68.69		85.13		72.41		68.06		70.53		72.964

		5		6.3975		8.715		8.078

		15		15.8825		14.4825		11.486

		45		39.9275		29.8075		22.15

		75		55.2825		38.405		28.325

		135		73.2775		55.585		38.075

		195		78.5725		69.9225		43.2025

				100%		11%		45%
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Dypterex cedat (%)
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solutie Dyp

solutie Dyp +TSM:B

solutie Dyp + AC:B

Timp (minute)

Dyp cedat (%)

Influenta pulberii adsorbante asupra cedarii Dyp prin membrana de cuprophan
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		timp		1		2		3		4		5		6		medie

		0		0		0				0				0		0

		5				3.52		4.11		4.57				5.81		4.5025

		15				10.14		10.95		10.26				11.29		10.66

		45				28.66		29.11		28.75				29.78		29.075

		75				42.58		42.62		41.42				42.7		42.33

		135				61.04		65.04		64.14				67.51		64.4325

		195				73.63		72.44		74.59				76.23		74.2225





		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



celula 2

celula 3

celula 4

celula 6

Timp (min.)

Dypterex (%)

Cedarea Dypterex prin membrana de acetat de celuloza

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1274431504.xls
Chart2

		5		5		5

		15		15		15

		45		45		45

		75		75		75

		135		135		135

		195		195		195



Cuprophane

Cuprophane+TSM:B

Cuprophane+AC:B

Time (minutes)

-ln(1-w/100)

y = 0.0097x + 0.0429
R2 = 0.9961

y = 0.0057x + 0.069
R2 = 0.9976

y = 0.003x + 0.0868
R2 = 0.9826

0.0661130935

0.0911837054

0.0842297946

0.172955555

0.1564491526

0.1220094544

0.5096180199

0.3539287183

0.2503862877

0.8048052621

0.4845894876

0.3330281742

1.3196642788

0.8115929358

0.4792462106

1.2013928021



celofan

		timp		1		2		3		4		5		6		medie

		0		0		0				0		0		0		0

		5		9.86		11.42				13.1		16.72		17.16		13.652

		15		25.7		29				21.2		30		33		27.78

		45		55.32		57.58				58.24		55.78		59		57.184

		75		68		72.4				71.03		66.8		70.8		69.806

		135		74.4		80.6				83.2		74.2		81.6		78.8

		195
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Dypterex cedat (%)

Cedare dypterex prin membrana de celofan
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Comparatie

		timp		1		2		3		4		5		6		medie

		0				0				0		0		0		0

		5				5.89				6.13		6.89		6.68		6.3975

		15				15.9				15.76		15.8		16.07		15.8825		Cuprophan

		45				41.75				38.93		38.93		40.1		39.9275

		75				59				54.03		54.13		53.97		55.2825

		135				74.19				73.18		72.63		73.11		73.2775

		195				79.65				79.35		75.97		79.32		78.5725

		timp		1		2		3		4		5		6		medie

		0				0				0		0		0		0

		5				7.59				8.45		9.27		9.55		8.715

		15				14.38				13.8		14.48		15.27		14.4825		Cuprophan+ B:TSM (1:1)

		45				31.6				28.67		28.44		30.52		29.8075

		75				40.03				36.74		36.88		39.97		38.405

		135				58				55.92		53.74		54.68		55.585

		195				68.69				72.41		68.06		70.53		69.9225

		timp		1		2		3		4		5		6		medie

		0				0				0		0		0		0

		5				6.29		7.1		7.62		9.06		10.32		8.078

		15				10.73		10.95		11.4		12.16		12.19		11.486		Cuprophan+B:AC(1:1)

		45				22.56		22.35		21.99		21.5		22.35		22.15

		75				28.87		28.74		27.95		28.13		28.35		28.325

		135				38.73		39.85		37.75		38.16		37.66		38.075

		195				42.81		45.56		43.65		43.7		42.65		43.2025

		timp		cuprophan		celofan		acetat de celuloza

		0		0		0		0

		5		6.3975		13.652		4.5025

		15		15.8825		27.78		10.66

		45		39.9275		57.184		29.075

		75		55.2825		69.806		42.33

		135		73.2775		78.8		64.4325

		195		78.5725		83		74.2225

		5		0.0661130935		0.1467845432		0.0460701169

		15		0.172955555		0.3254531701		0.1127208701

		45		0.5096180199		0.8482583215		0.3435472053

		75		0.8048052621		1.1975269568		0.5504330784

		135		1.3196642788				1.0337378864

		195						1.3556681676

				celofan		45.59

				cuprophan		71.44

				acetat de celuloza		97.61
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membrana cuprophan; k=0.0097

membrana celofan; k=0.0152

membrana acetat de celuloza; k=0.0071

Timp (minute)

-ln(1-w/100)

Linearizarea datelor experimentale pentru DYP dupa un model de cedare de ordinul I

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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k=0.0152                                       k=0.0097                             k=0.0071

Timpul de injumatatire (minute)

Influenta constantei de viteza asupra t1/2



		timp		1		2		3		4		5		6

		0		0		0				0		0		0

		5		4.76		5.89				6.13		6.89		6.68

		15		13.88		15.9				15.76		15.8		16.07

		45		37.56		41.75				38.93		38.93		40.1

		75		52.6		59				54.03		54.13		53.97

		135		64.97		74.19				73.18		72.63		73.11

		195		65.17		79.65				79.35		75.97		79.32

		timp		1		2		3		4		5		6

		0		0		0		0		0		0		0		medie

		5				7.59		8.09		8.45		9.27		9.55		8.59

		15				14.38		14.22		13.8		14.48		15.27		14.43

		45				31.6		32.94		28.67		28.44		30.52		30.434

		75				40.03		42.92		36.74		36.88		39.97		39.308

		135				58		67.02		55.92		53.74		54.68		57.872

		195				68.69		85.13		72.41		68.06		70.53		72.964

		5		6.3975		8.715		8.078

		15		15.8825		14.4825		11.486

		45		39.9275		29.8075		22.15

		75		55.2825		38.405		28.325

		135		73.2775		55.585		38.075

		195		78.5725		69.9225		43.2025

				100%		11%		45%

		5		0.0661130935		0.0911837054		0.0842297946

		15		0.172955555		0.1564491526		0.1220094544

		45		0.5096180199		0.3539287183		0.2503862877

		75		0.8048052621		0.4845894876		0.3330281742

		135		1.3196642788		0.8115929358		0.4792462106

		195				1.2013928021
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Linearizarea datelor experimentale dupa un model de cedare de ordinul I
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		timp		1		2		3		4		5		6		medie

		0		0		0				0				0		0

		5				3.52		4.11		4.57				5.81		4.5025

		15				10.14		10.95		10.26				11.29		10.66

		45				28.66		29.11		28.75				29.78		29.075

		75				42.58		42.62		41.42				42.7		42.33

		135				61.04		65.04		64.14				67.51		64.4325

		195				73.63		72.44		74.59				76.23		74.2225
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k=0.0152                                       k=0.0097                             k=0.0071

T1/2 (minutes)
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celofan

		timp		1		2		3		4		5		6		medie

		0		0		0				0		0		0		0

		5		9.86		11.42				13.1		16.72		17.16		13.652

		15		25.7		29				21.2		30		33		27.78

		45		55.32		57.58				58.24		55.78		59		57.184

		75		68		72.4				71.03		66.8		70.8		69.806

		135		74.4		80.6				83.2		74.2		81.6		78.8
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Comparatie

		timp		1		2		3		4		5		6		medie

		0				0				0		0		0		0

		5				5.89				6.13		6.89		6.68		6.3975

		15				15.9				15.76		15.8		16.07		15.8825		Cuprophan

		45				41.75				38.93		38.93		40.1		39.9275

		75				59				54.03		54.13		53.97		55.2825

		135				74.19				73.18		72.63		73.11		73.2775

		195				79.65				79.35		75.97		79.32		78.5725

		timp		1		2		3		4		5		6		medie

		0				0				0		0		0		0

		5				7.59				8.45		9.27		9.55		8.715

		15				14.38				13.8		14.48		15.27		14.4825		Cuprophan+ B:TSM (1:1)

		45				31.6				28.67		28.44		30.52		29.8075

		75				40.03				36.74		36.88		39.97		38.405

		135				58				55.92		53.74		54.68		55.585

		195				68.69				72.41		68.06		70.53		69.9225

		timp		1		2		3		4		5		6		medie

		0				0				0		0		0		0

		5				6.29		7.1		7.62		9.06		10.32		8.078

		15				10.73		10.95		11.4		12.16		12.19		11.486		Cuprophan+B:AC(1:1)

		45				22.56		22.35		21.99		21.5		22.35		22.15

		75				28.87		28.74		27.95		28.13		28.35		28.325

		135				38.73		39.85		37.75		38.16		37.66		38.075

		195				42.81		45.56		43.65		43.7		42.65		43.2025

		timp		cuprophan		celofan		acetat de celuloza

		0		0		0		0

		5		6.3975		13.652		4.5025

		15		15.8825		27.78		10.66

		45		39.9275		57.184		29.075

		75		55.2825		69.806		42.33

		135		73.2775		78.8		64.4325

		195		78.5725		83		74.2225

		5		0.0661130935		0.1467845432		0.0460701169

		15		0.172955555		0.3254531701		0.1127208701

		45		0.5096180199		0.8482583215		0.3435472053

		75		0.8048052621		1.1975269568		0.5504330784

		135		1.3196642788				1.0337378864

		195						1.3556681676
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Timp injumatatire (t1/2), minute

k=0.0097                    k=0.0057                         k=0.003



		timp		1		2		3		4		5		6

		0		0		0				0		0		0

		5		4.76		5.89				6.13		6.89		6.68

		15		13.88		15.9				15.76		15.8		16.07

		45		37.56		41.75				38.93		38.93		40.1

		75		52.6		59				54.03		54.13		53.97

		135		64.97		74.19				73.18		72.63		73.11

		195		65.17		79.65				79.35		75.97		79.32

		timp		1		2		3		4		5		6

		0		0		0		0		0		0		0		medie

		5				7.59		8.09		8.45		9.27		9.55		8.59

		15				14.38		14.22		13.8		14.48		15.27		14.43

		45				31.6		32.94		28.67		28.44		30.52		30.434

		75				40.03		42.92		36.74		36.88		39.97		39.308

		135				58		67.02		55.92		53.74		54.68		57.872

		195				68.69		85.13		72.41		68.06		70.53		72.964

		5		6.3975		8.715		8.078

		15		15.8825		14.4825		11.486

		45		39.9275		29.8075		22.15

		75		55.2825		38.405		28.325

		135		73.2775		55.585		38.075

		195		78.5725		69.9225		43.2025

				100%		11%		45%

		5		0.0661130935		0.0911837054		0.0842297946

		15		0.172955555		0.1564491526		0.1220094544

		45		0.5096180199		0.3539287183		0.2503862877

		75		0.8048052621		0.4845894876		0.3330281742

		135		1.3196642788		0.8115929358		0.4792462106

		195				1.2013928021
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		timp		1		2		3		4		5		6		medie

		0		0		0				0				0		0

		5				3.52		4.11		4.57				5.81		4.5025

		15				10.14		10.95		10.26				11.29		10.66

		45				28.66		29.11		28.75				29.78		29.075

		75				42.58		42.62		41.42				42.7		42.33

		135				61.04		65.04		64.14				67.51		64.4325

		195				73.63		72.44		74.59				76.23		74.2225
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celofan

		timp		1		2		3		4		5		6		medie

		0		0		0				0		0		0		0

		5		9.86		11.42				13.1		16.72		17.16		13.652

		15		25.7		29				21.2		30		33		27.78

		45		55.32		57.58				58.24		55.78		59		57.184

		75		68		72.4				71.03		66.8		70.8		69.806

		135		74.4		80.6				83.2		74.2		81.6		78.8
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Comparatie

		timp		1		2		3		4		5		6		medie

		0				0				0		0		0		0

		5				5.89				6.13		6.89		6.68		6.3975

		15				15.9				15.76		15.8		16.07		15.8825		Cuprophan

		45				41.75				38.93		38.93		40.1		39.9275

		75				59				54.03		54.13		53.97		55.2825

		135				74.19				73.18		72.63		73.11		73.2775

		195				79.65				79.35		75.97		79.32		78.5725

		timp		1		2		3		4		5		6		medie

		0				0				0		0		0		0

		5				7.59				8.45		9.27		9.55		8.715

		15				14.38				13.8		14.48		15.27		14.4825		Cuprophan+ B:TSM (1:1)

		45				31.6				28.67		28.44		30.52		29.8075

		75				40.03				36.74		36.88		39.97		38.405

		135				58				55.92		53.74		54.68		55.585

		195				68.69				72.41		68.06		70.53		69.9225

		timp		1		2		3		4		5		6		medie

		0				0				0		0		0		0

		5				6.29		7.1		7.62		9.06		10.32		8.078

		15				10.73		10.95		11.4		12.16		12.19		11.486		Cuprophan+B:AC(1:1)

		45				22.56		22.35		21.99		21.5		22.35		22.15

		75				28.87		28.74		27.95		28.13		28.35		28.325

		135				38.73		39.85		37.75		38.16		37.66		38.075

		195				42.81		45.56		43.65		43.7		42.65		43.2025

		timp		cuprophan		celofan		acetat de celuloza

		0		0		0		0

		5		6.3975		13.652		4.5025

		15		15.8825		27.78		10.66

		45		39.9275		57.184		29.075

		75		55.2825		69.806		42.33

		135		73.2775		78.8		64.4325

		195		78.5725		83		74.2225

		5		0.0661130935		0.1467845432		0.0460701169

		15		0.172955555		0.3254531701		0.1127208701

		45		0.5096180199		0.8482583215		0.3435472053

		75		0.8048052621		1.1975269568		0.5504330784

		135		1.3196642788				1.0337378864

		195						1.3556681676
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		timp		1		2		3		4		5		6

		0		0		0				0		0		0

		5		4.76		5.89				6.13		6.89		6.68

		15		13.88		15.9				15.76		15.8		16.07

		45		37.56		41.75				38.93		38.93		40.1

		75		52.6		59				54.03		54.13		53.97

		135		64.97		74.19				73.18		72.63		73.11

		195		65.17		79.65				79.35		75.97		79.32

		timp		1		2		3		4		5		6

		0		0		0		0		0		0		0		medie

		5				7.59		8.09		8.45		9.27		9.55		8.59

		15				14.38		14.22		13.8		14.48		15.27		14.43

		45				31.6		32.94		28.67		28.44		30.52		30.434

		75				40.03		42.92		36.74		36.88		39.97		39.308

		135				58		67.02		55.92		53.74		54.68		57.872

		195				68.69		85.13		72.41		68.06		70.53		72.964

		5		6.3975		8.715		8.078

		15		15.8825		14.4825		11.486

		45		39.9275		29.8075		22.15

		75		55.2825		38.405		28.325

		135		73.2775		55.585		38.075

		195		78.5725		69.9225		43.2025

				100%		11%		45%
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		timp		1		2		3		4		5		6		medie

		0		0		0				0				0		0

		5				3.52		4.11		4.57				5.81		4.5025

		15				10.14		10.95		10.26				11.29		10.66

		45				28.66		29.11		28.75				29.78		29.075

		75				42.58		42.62		41.42				42.7		42.33

		135				61.04		65.04		64.14				67.51		64.4325

		195				73.63		72.44		74.59				76.23		74.2225
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