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1 ORGANISATION AND RESPONSIBLITIES 
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e-mail: carolina.volonte@directa-plus.com e-mail: lorenzo.autore@lab4life.com 

Test facility Study Director 

Vivotecnia Research S.L. Dr. Pilar Prieto Arroyo 

C/Santiago Grisolía, 2 Tel: +34 91 728 07 10 

28760 Tres Cantos e-mail: prieto@vivotecnia.com 
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 María Herrero Conde 

 Tel: +34 91 728 07 10. Ext. 107 

 e-mail: herrero@vivotecnia.com 
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2 ADDITIONAL RELEVANT PERSONNEL INVOLVED IN THE STUDY 

Name Initials Position 

Raquel Gómez RGR Animal facility director and Welfare adviser 

Verónica Maillo  VMA Veterinarian  

Jesús Illán JIM Technician responsible 

Sergio Prieto  SPC Archivist 
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3.1 ADHERENCE TO PROTOCOL 

3.1.1 DEVIATIONS TO THE STUDY PLAN 

 Deviations to the study plan were documented at the test facility and were acknowledged by the 

study director. Any deviation was reported to the study monitor as soon as possible and is 

documented in present final report.  

 The study director assessed the impact of the deviations on the quality and / or integrity of the study. 

 

4 STUDY CALENDAR 

The study was conducted according to the following calendar: 

Milestone Date 

Study initiation  24.04.2018 

Experimental starting  25.04.2018 

Experimental completion  09.05.2018 

Draft report issue 22.05.2018 

Study finalization  05.06.2018 
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5 SUMMARY 

Introduction and experimental design 

The present study has been designed to evaluate the acute inhalation toxicity of the test item PURE G + in 

male and female Sprague Dawley rats by the traditional protocol described in the OECD Guideline Nº 403: 

Acute Inhalation Toxicity. This method provides lethality data of the test item and allows its classification 

according to the Globally Harmonized System (GHS) of Classification and Labelling of Chemicals. 

For that purpose, a group of three male and three female Sprague Dawley rats was exposed by nose-only, 

flow-past inhalation to PURE G+ at a mean concentration of 1.87 mg/L air during 4 hours. This concentration 

was found to be the highest technically achievable. 

All animals were observed for clinical signs and mortality during the exposure and the subsequent 14-day 

observation period. Body weight was recorded just before starting exposure, 24 h, 72 h and one week 

thereafter and also before sacrifice two weeks after exposure.  

At the end of the observation period, all surviving animals were subjected to a gross necropsy and all 

macroscopic abnormalities were recorded. 

Results and Conclusions 

The ranges of aerosol concentration, temperature, relative humidity and air flow rate were considered 

satisfactory for a study of this type. In addition, the test item was considered to be respirable to rats. 

One male animal was found dead the day after exposure (study day 2). Upon gross necropsy, black spots 

were observed in the lungs and larynx, trachea, oesophagus and stomach were black colored. Furthermore, 

black contents in the stomach were also present. Immediately after exposure, this animal presented dirty 

head fur (blackish), prostration, vocalization and breathing difficulty, signs that remained one hour after 

finishing exposure. 

Apart from dirty fur on the head area, piloerection, prostration and breathing difficulty were observed in the 

other two males 1 hour after finishing exposure but these signs were not present the day after. 

In the three females, black fur on the head was also observed until study day 8. Additionally, transient 

piloerection was observed in one animal only 1 hour after finishing exposure. 

From study day 9 until the end of the 14 day-observation period, no clinical signs were observed in any of 

the five surviving animals and all of them exhibited a normal behavior. 

A decrease in mean body weight of approximately 11% in males and 3% in females was observed between 

study day 1 (exposure) and study day 2. Thereafter body weight tended to increase gradually in most 

animals and mean body weight gains over the 14 day observation period of 19% and 10% were recorded for 

males and females, respectively. 

In all the surviving animals (two males and three females) black spots were observed in the lungs upon 

gross necropsy. The lungs were preserved in neutral-buffered 4 % formaldehyde. 
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It can be concluded that, under the present experimental conditions: 

 The exposure of male and female Sprague Dawley rats to the test item PURE G + for 4 hours 

resulted in the premature death of one male animal. 

 The respiratory effects of the test item were more evident in males than in females. 

 The marginal body weight loss between study days 1 and 2 in all animals was considered to be 

mainly due to the stress related to the nose-only exposure procedure, although a contribution of the 

treatment with the test item cannot be excluded. 

 The presence black spots in the lungs of all animals was considered to be related to test item 

exposure.  

 The LC50 of PURE G + was greater than 1.87 mg/L air (gravimetric aerosol concentration). 

 Based on the GHS classification criteria, PURE G + can be considered to be under human health 

hazard Category 4 (“harmful if inhaled”) or higher. 
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6 OBJECTIVE 

The present study has been designed to evaluate the acute inhalation toxicity of the test item PURE G + in 

male and female Sprague Dawley rats by the traditional protocol described in the OECD Guideline Nº 403: 

Acute Inhalation Toxicity. This method provides lethality data of the test item and allows its classification 

according to the Globally Harmonized System (GHS) of Classification and Labelling of Chemicals. 
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7 TEST SYSTEM AND CONDITIONS 

7.1 TEST SYSTEM CHARACTERISATION   

Species: Rat 

Strain: Hsd: Sprague Dawley® SD® 

Sex: Male / Female  

Colour: Albino 

Supplier: Envigo RMS Spain S.L. 
Ctra. St. Miquel del Fai, Km. 3.5 
08182 - Sant Feliú de Codines 
Barcelona – Spain 

Health status*: Specific Pathogen Free (SPF). Females will be nulliparous and non-
pregnant 

Rationale for selection of species / strain: The Sprague Dawley rat is a suitable rodent strain, acceptable to 
regulatory authorities as a recommended rodent test system, and for 
which extensive background data are available 

Total number of animals: Limit test: 6 animals in a single group (3 males and 3 females) 

Age of the animals at exposure: 8 weeks 

Animals per cage: 3 of the same sex  

Bedding material: Sodispan (SR-CHOPO-T) (autoclavable) 

Change of cages: At least once a week and when deemed necessary throughout the 
study period 

Inclusion criteria on arrival: Veterinary inspection 

Acclimatisation period: Animals were acclimatised to Vivotecnia housing facilities 7 days prior 
exposure. 

Acclimatisation to the nose-only restraining tubes was performed for 
at least 30 minutes the day of exposure. 

Animal identification: Digit ink marks 

*The health monitoring report provided by the animal supplier will be stored at Vivotecnia. 

7.2 ANIMAL FACILITIES 

Location: Vivotecnia Research animal facilities 
C/Santiago Grisolía, 2 
28760 Tres Cantos (Madrid) 
Spain 

Accreditation authority: Dirección General de Agricultura, Comunidad de Madrid (ES 289030000025) 

Applicable law: European Directives 2010/63/UE and Spanish Law RD 53/2013 

Target parameters*  

Light cycle: 12:12 – 07.00 to 19.00 CET 

Temperature: 19.8 – 25.6º C    

Relative humidity: 27 – 49%   

*Environmental parameters will be classified, evaluated, recorded and reported on a daily basis according to the internal SOPs. 

 



 

FINAL REPORT B-02523 

Acute inhala t ion tox ic i ty o f  the test  i tem PURE G+ in Sprague 
Dawley ra ts :  OECD Nº  403,  Trad i t iona l  Protoco l  

 

CONFIDENTIAL Page 12 of 67
 

7.3 ANIMAL WELFARE 

Whenever possible animals were kept in groups. Enrichment devices (nesting material, tubes, and chew 

blocks) were provided as a default husbandry practice. 

7.4 ANIMAL DIET 

Food: Teklad global diet 

Reference: 2914C 

Supplier: Envigo 

Station Road, Blackthorn, Bicester Oxon, OX25 1TP United Kingdom 

Nutritional / contaminant contents: Certificate of analysis for the batch used in the study is included in Annex III  

Food availability: Ad libitum (animals were deprived of food during exposure) 

Drinking water: Tap water 

Watering: Bottles 

Quality control*: Certificate of analysis is included in Annex III 

Water availability: Ad libitum (animals were deprived of water during exposure) 

*Contaminants in the diet / drinking water are considered not to be present at levels at which they might interfere with the quality and objectives of the study. 
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8 TEST ITEM IDENTIFICATION 

8.1 TEST ITEM IDENTIFICATION 

Test item: PURE G+ 

Batch: P219/2016 

Supplier: Directa Plus S.p.A 

Identification code: Lab4LIFE ID: 180226-01 

Physical and chemical properties 

Physical state: Solid: Powder 

Purity / composition: > 98% 

Correction factor: None  

Colour: Black-grey 

Storage conditions: Room temperature (ca. 23º C) and protected from light 

Homogeneity: Neat substance 

Expiry / retest date: Not defined* 

Handling conditions: During manipulation of material under chemical hood, set the front glass and the fan speed so 
that the frontal suction hood is between 0.4 and 0.7 m/s. The height of the frontal safety glass 
must be kept at 30 cm from the bottom, while maintaining the proper frontal speed. Manipulate 
the material in order to ensure the least possible dispersion of material. Avoid or minimize the 
presence of air currents near the chemical hood. Provide a 5 minutes break at the end of the 
nanoparticle manipulation before proceeding with other activities to allow the concentration of 
aerodispersed particles to be reduced in the hood. During the activity, use personal protective 
equipment for handling the material (FFP3 mask, gloves). Proceed to cleaning the hood 
workpiece after any nanomaterial manipulation activity: the damp cloth is sufficiently efficient; 
equivalent or more efficient systems are equally valid for the purpose of reducing PM and UFP 
concentrations. During the activity, use personal protective equipment for handling the material 
itself (FFP3 mask, gloves). Avoid dust dispersion. Provide a good ventilation when handling. 
Avoid breathing dust. Keep away from sources of ignition. Graphite is an excellent electricity 
conductor; prevent dusts accumulation where such accumulations may cause short circuits 

Other safety relevant 
observations: 

Eye/face protection: Wear eye protection (complying with EN 166), if prevention measures are 
not sufficient to reduce the risk of eye contact. 

Hands and body protection: In case of prolonged or repeated contact with the skin, wear 
protective gloves of rubber or other material adequate to the specific tasks (complying with EN 
374), and appropriate clothes. 

Respiratory protection: If the dusts dispersion cannot be adequately controlled by appropriate 
engineering controls, wear respiratory protective equipment, such as masks, half-masks or self-
contained breathing apparatus (complying with EN 149, 140 or 136). 

* According to the information provided by the sponsor, the test item is stable after two years 

Identification, concentration, composition and any other characteristic needed to define the test item were provided by the sponsor. The sponsor is 
responsible for the data provided or omitted concerning the characterisation of the test item. 

Certificate of analysis is included in AnnexII. 
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9 EXPERIMENTAL DESIGN      

The present study has been designed to evaluate the acute inhalation toxicity of the test item PURE G + in 

male and female Sprague Dawley rats by the traditional protocol described in the OECD Guideline Nº 403: 

Acute Inhalation Toxicity. This method provides lethality data of the test item and allows its classification 

according to the Globally Harmonized System (GHS) of Classification and Labelling of Chemicals. 

The following table summarizes the different hazard categories according to GHS and their corresponding 

labels: 

Category 1 Category 2 Category 3 Category 4 Category 5 

Fatal if inhaled Fatal if inhaled Toxic if inhaled Harmful if inhaled May be harmful if 
inhaled 

 

9.1 TREATMENT 

The test was based on a stepwise procedure. The target starting dose was 2 mg/L air. According to the 

results from the technical trials, this concentration was found to be the highest technically achievable and 

respirable that could be maintained for at least 4 hours. The mean dose achieved during this study was 

1.87 mg/L air. 

A total of 3 male and 3 female rats (Group A, starting dose group) were exposed for 4 consecutive hours. 

During an observation period of 14 days following the end of exposure, clinical observations and body weight 

were recorded in order to characterise the toxicological effects of the aerosol. At the end of this period, all 

surviving animals were subjected to a gross necropsy and descriptions of all macroscopic abnormalities were 

recorded. 

As less than 50% lethality occurred at the maximum attainable concentration, no further testing was 

necessary. 

9.2 EXPERIMENTAL GROUPS 

Group Dose (mg/L) Exposure time (h) Males ID Females ID 

A 1.87 4 1 - 3 4 - 6 

 

9.3 EXPOSURE CONDITIONS 

Inhalation exposure was performed using a flow-past, nose-only exposure system. The animals were 

confined separately in restraint tubes which were positioned radially around the exposure chamber. The 

exposure system ensured a uniform distribution and provided a constant flow of test material to each 

exposure tube. The mean flow of air at each tube was approximately 1.359 L/min, which was sufficient to 

minimize re-breathing of the test aerosol as it is more than twice the respiratory minute volume of rats. 
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Exposure chambers type EC-FPC-232 (anodised aluminium, volume inside compartment: approximately 

3 L), equipped with glass exposure tubes were used. The rats were individually exposed in glass tubes 

matching their size. Before treatment start, the homogeneity for the different levels of the exposure chamber 

was confirmed. Cross and longitudinal sections of the chamber are shown in Figure 1. 

The temperature and relative humidity of the test atmosphere in the exposure chamber were maintained as 

required by experimental conditions. Air flow was monitored regularly. 

10 EXPERIMENTAL DATA 

10.1 INHALATION TECHNICAL DATA 

10.1.1 PREPARATION OF TEST ITEM 

In order to facilitate the generation of a respirable aerosol, the test item was previously desiccated for about 

45 hours. 

10.1.2 GENERATION OF THE TEST ITEM ATMOSPHERE 

A dust aerosol was generated from the desiccated test item using a Dust Generator SAG 410 (TOPAS 

GmbH, Germany). The dust was diluted with filtered air from a compressor and conveyed via glass tubing, 

from the generator to the exposure chamber (see Figure 2). The flow rate through the exposure chamber 

was adjusted as necessary. 

10.1.3 TECHNICAL TRIALS 

Technical trials were performed without animals and conducted before the in life phase of the study to 

establish the conditions for aerosol generation, which included: 

 Determination of target concentration and/or technical limit. Several tests were performed to 

establish the highest stable aerosol concentration achievable that could be maintained at least for 4 

hours. Initially, aerosol concentration was aimed to 5 mg/L air, but saturation and blockade of the 

system was observed shortly after starting. Finally, a stable aerosol of approximately 2 mg/L could 

be achieved with the TOPAS SAG 410 aerosol generator. Aerosol concentration was determined by 

gravimetric analysis. 

 Determination of particle size distribution: Mass median aerodynamic diameter (MMAD) and the 

geometric standard deviation (GSD) were determined at the target concentration and calculated on 

the basis of the results from the cascade impactor, using Microsoft Excel® software (Microsoft 

Corporation, USA). The target ranges were 1 to 4 μm for the MMAD and 1.5 to 3 for the GSD. A 

respirable aerosol (MMAD in the range of 1-4 m) could be achieved at 2 mg/L air. Therefore, 

starting dose was set at 2 mg/L although, as indicated above, the mean actual dose achieved during 

the present study was 1.87 mg/L. 
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10.1.4 PRE-CHARACTERISATION OF THE AEROSOL. SYSTEM SETUP 

Previous to exposure onset, a complete setup of the system and characterisation of test atmosphere was 

performed according to the corresponding SOPs. The tasks were the following: 

 Making an outline of each line including identification of the corresponding equipment. 

 Leak test through the aerosol conveyor glass tubes. 

 Leak test in dust generator. 

 Identification of each group (name, dose, total number of animals, total flow of aerosol/air). 

 Checking of air temperature and relative humidity. 

 Theoretical calculations regarding dilution and Venturi tubes to be used. 

 Vacuum system checking in sampling ports: capillary installed, vacuum pressure measurement, 

sampling flow. 

 Exposure test: determination of pressure inside the inhalation chamber versus room pressure and 

difference of pressure between both chamber compartments. Determination of aerosol flow and 

aerosol concentration in different positions of the chamber randomly selected: six ports from the high 

level and six ports from the low level. Calculation of coefficient of variation (% CV) within each level 

and across the two levels. Within each level, the CV was not higher than 1.2 % (acceptance criteria 

5 %), whereas the CV among the two levels did not exceed 5.5 % (acceptance criteria 10 %). 

10.1.5 CHARACTERISATION OF THE TEST ITEM ATMOSPHERE DURING EXPOSURE 

In order to characterise the test atmosphere and to check the reproducibility of aerosol generation and 

dilution, several analytical parameters were determined at defined intervals during exposure. 

10.1.5.1 Determination of the nominal aerosol concentration 

The test item usage was determined once per exposure by weighing the amount of the test item before and 

after exposure to determine the quantity used. The weight used was then divided by the total air-flow volume 

to give the nominal concentration. These data were used for the purpose of monitoring the performance of 

the generation system. 

10.1.5.2 Gravimetric determination of the aerosol concentration 

Gravimetric determination of the aerosol concentration was performed twice each hour of exposure. Test 

aerosol samples were collected onto a Whatman filter (grade F319.04) using a filter sampling device. The 

sampling flow was similar to the air flow rate per exposure port. The duration of sampling was 10 minutes. 

The filters were weighed before and immediately after sampling using a calibrated balance. The gravimetric 

aerosol concentration was calculated from the amount of test item present on the filter and the sample 

volume. 

10.1.5.3 Determination of particle size distribution  

The particle size distribution was determined gravimetrically twice during exposure. The cumulative particle 

size distribution of the test aerosol was determined using a PIXE cascade impactor. The particle size 
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distribution of the test item in the generated aerosol was measured by gravimetry analyzing the test item 

deposited on each stage of the cascade impactor.  

The mass median aerodynamic diameter (MMAD) and the geometric standard deviation (GSD) were 

calculated on the basis of the results from the impactor, using Microsoft Excel® software (Microsoft 

Corporation, USA). The target ranges were 1 to 4 μm for the MMAD and 1.5 to 3 for the GSD. 

10.1.5.4 Determination of the temperature 

The temperature in the chamber was measured continuously during exposure using a thermohygrometer 

(TFA 30.5036.13). The target range was 19-25 ºC. The results were reported approximately hourly from the 

start of the inhalation exposure. 

10.1.5.5 Determination of relative humidity 

The relative humidity in the chamber was measured continuously during exposure using a thermohygrometer 

(TFA 30.5036.13). The ideal range recommended by the OECD guideline Nº 436 is 30-70 %, although it is 

also indicated that these values may be unattainable under certain conditions and this was the case of this 

study in which compressed air (dry air) was used to dilute the test item aerosol. 

 The results were reported approximately hourly from the start of the inhalation exposure. 

10.1.5.6 Determination of oxygen and CO2 concentration 

The oxygen and CO2 concentration of the test atmosphere were measured during the exposure period using 

a portable gas detector (PGAS-24-O2/CO2, PGAS-24). These concentrations were maintained above 19 % 

and below 1 % respectively. The results were reported approximately hourly from the start of the inhalation 

exposure. 

10.1.5.7 Airflow rate 

The exposure airflow rate was adjusted as appropriate before the start of the exposure using the pressure 

difference over a Venturi tube. The actual airflow rate was monitored at least hourly during exposure. The 

target range was 1.0 ± 0.5 L/min through each inhalation tube. 

10.2 TEST SYSTEM DATA 

Experimental data concerning animal group distribution, body weight, general clinical signs and gross 

necropsy findings were recorded through Provantis 8.5.2.1TM (Instem LSS Ltd., Staffordshire, United 

Kingdom) preclinical software. 

10.2.1 IN LIFE OBSERVATIONS 

10.2.1.1 Mortality and premature sacrifice 

The animals were examined daily for mortality and morbidity. Any clinical signs, discomfort and mortality 

were recorded in accordance with the humane endpoints guidance document of the OECD. 
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10.2.1.2 Clinical observations 

Clinical observations in response to treatment were performed on all animals hourly during exposure (only 

grossly abnormal signs), immediately and 1 h after exposure, and once daily thereafter until the end of the 

observation period. All animals were observed for a period of 14 days after administration. Any visible clinical 

signs and discomfort were recorded.  

10.2.1.3 Body weight 

All animals were weighed on the day of treatment just before starting exposure (study day 1), on study days 

2, 4, 8 and immediately before sacrifice on study day 15. 

10.2.2 TERMINAL INVESTIGATION 

Animals were sacrificed at the end of the observation period by an intraperitoneal over dose of pentobarbital 

and subjected to a gross necropsy consisting in the examination of the abdominal and thoracic cavities and 

contents. Special attention was paid to any change in the respiratory tract. 

11 STATISTICAL ANALYSIS 

No statistical analysis was required. 

12 STORAGE OF RECORDS AND ARCHIVE 

Item 
Storage 

conditions 
Duration 

 Documents: 

   General Study plan, Study-specific supplement and    
amendments 

 Raw data 

 Animal Facility records 

 Test item storage room records 

 Test item preparation records 

 Final Report  

Room Temperature 4 years 

Final destination: after the storage period, items/documents will be made available to the sponsor, who will decide whether they will be sent back or further 
stored in the GLP archive (please note that a fee may be charged). 

13 STUDY DEVIATIONS  

The following study plan deviations were recorded: 

Deviation 1 

Mean temperature in the exposure chamber (25.9ºC) was slightly above the target range recommended by 

the OECD guideline Nº 403 (19 - 25 ºC). This incident is considered to have no impact on the quality / 

integrity of the study since it is highly unlikely that mortality, which is the main end point of the study, can be 

affected by this small and transient increase in temperature. 
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14 RESULTS 

14.1 INHALATION TECHNICAL DATA 

14.1.1 TEST ATMOSPHERE CONDITIONS 

Mean temperature during exposure (25.9ºC) was slightly above the target range recommended by the OECD 

guideline Nº 403 (19 - 25 ºC). 

Mean relative humidity of the aerosol during exposure was 24.2%, which was below of the range 

recommended by the guideline Nº 436 (30-70%) due to the fact that compressed air (dry air) was used to 

dilute the aerosol. 

Data are presented in the following table: 

Recording time                     
(h:min from exposure start) 

Temperature (ºC)  Relative humidity (%)  

0:28 26.1 22.7 

1:52 25.8 21.4 

2:34 25.8 26.5 

3:35 26.0 26.2 

Mean                            

SD 

N 

25.9 

0.2 

4 

24.2 

2.5 

4 

 

Mean oxygen and carbon dioxide concentrations were 20.9 % and 0.08% respectively. These values are 

considered satisfactory for inhalation studies and within the target range (at least 19% and below 1% 

respectively). 

 Data are presented in the following table: 

Recording time                

(h:min from exposure start)  
Oxygen (%) Carbon dioxide (%) 

0:28 21.0 0.10 

1:52 20.9 0.10 

2:34 20.9 0.04 

3:35 20.8 0.08 

Mean    20.9   0.08 

SD      0.1   0.03 

N   4 4 
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Mean air flow rate through each inhalation tube was 1.359 L/min. This value is considered satisfactory for 

inhalation studies and within the target range (1.0 ± 0.5 L/min), since it is sufficient to clear the exhaled 

atmosphere away from the animal. 

14.1.2 AEROSOL CONCENTRATIONS 

14.1.2.1 Nominal aerosol concentration  

The calculated nominal aerosol concentration was 2.04 mg/L air.   

14.1.2.2 Gravimetric aerosol concentration  

The mean of the gravimetric concentrations during exposure was 1.87 mg/L air (6.5 % deviation from target). 

Data on aerosol concentrations are presented in the following table: 

Group A (Target: 2.0 mg/L air). Day 1 of study  

Sampling starting time 

(h:min from exposure start) 

Sampling 

volume 

(L) 

Amount of test 

item:PG (1:1) on the 

filter (mg) 

Final Gravimetric 

aerosol concentration 

of test item (mg/L) 

0:03 13.55 25.71 1.90 

0:32 13.44 29.62 2.20 

0:54 13.22 25.85 1.96 

1:35 13.51 26.50 1.96 

2:06 13.41 19.03 1.42 

3:00 13.47 23.76 1.76 

3:17 13.51 24.64 1.82 

3:41 13.47 26.13 1.94 

MEAN 13.45 25.16 1.87 

SD 0.10 3.01 0.22 

N 8 8 8 

 

14.1.3 PARTICLE SIZE DISTRIBUTION (PSD) 

Mean Mass Median Aerodynamic Diameter (MMAD) of particle size distribution during exposure was 

calculated from two gravimetric measurements PSD #1 and PSD #2. Mean MMAD during exposure was 

1.010 µm. This value was within the target range (1-4 µm). 

Geometric Standard Deviations (GSD) on PSD #1 and PSD #2 were 2.87 and 1.55, respectively, and 

therefore they were also within the target range (1.5 - 3.0).  

In conclusion, the test item aerosol was considered to be respirable to rats and appropriate for acute 

inhalation toxicity testing. 

Data on particle size distribution are presented in the following table: 
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  Particle size distribution test  

Stage # 
Particle diameter 

range (µm) 

PSD #1  PSD #2  Mean PSD  

% particles 
Relative 

cumulative % 
particles 

% particles 
Relative 

cumulative % 
particles 

Relative 
cumulative % 

particles 

L1 0.06 - 0.12 0.00 0.00 0.00 0.00 0.00 

L2 0.12 - 0.25 18.18 18.18 2.80 2.80 10.49 

1 0.25 - 0.50 6.06 24.24 1.40 4.20 14.22 

2 0.50 - 1.00 9.09 33.33 73.43 77.62 55.475 

3 1.00 - 2.00 54.55 87.88 15.38 93.01 90.445 

4 2.00 - 4.00 0.00 87.88 2.10 95.10 91.49 

5 4.00 - 8.00 0.00 87.88 3.50 98.60 93.24 

6 8.00 - 16.00 6.06 93.94 1.40 100.00 96.97 

7 > 16.00 6.06 100.00 0.00 100.00 100.00 

 

 

 Particle size distribution test  

 
MMAD  
(µm) 

GSD % < 4 µm 

PSD #1 1.250 2.87 87.88 

PSD #2 0.770 1.55 95.10 

Mean 1.010 - 91.49 

 

14.2 TEST SYSTEM DATA 

14.2.1 IN-LIFE OBSERVATIONS 

14.2.1.1 Mortality 

One male animal (ID 1) was found dead the day after exposure (study day 2). Upon gross necropsy, black 

spots were observed in the lungs and larynx, trachea, oesophagus and stomach were black colored. 

Furthermore, black contents in the stomach were also present.  

These organs with findings were collected and preserved in neutral-buffered 4 % formaldehyde. 
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14.2.1.2 Clinical signs and observations 

Individual data in Appendix 1. 

Immediately after exposure, the male animal ID 1 presented dirty head fur (blackish), prostration, 

vocalization and breathing difficulty. This last sign was also observed during the four hours of exposure. One 

hour after finishing exposure these signs still remained and additionally piloerection and loud breathing were 

also observed. This animal was found dead the day after exposure (see Section 14.2.1.1). 

The other two males also presented black fur on the head area which was visible until study day 8. 

Piloerection, prostration and breathing difficulty were observed in these animals 1 hour after finishing 

exposure but they were not present the day after. Cyanotic (bluish) hindlimbs were observed in animal ID 3 

during exposure and immediately after, but this sign disappeared within the following hour. Respiratory 

crackles were recorded in this animal on study day 2 but it was no longer present during the following days. 

In the three females, black fur on the head was also observed until study day 8. Additionally, transient 

piloerection was observed in one animal (ID 4) only 1 hour after finishing exposure. 

All animals, regardless of sex, presented wet fur immediately after finishing the exposure period. 

From study day 9 until the end of the 14 day-observation period, no clinical signs were observed in any of 

the five surviving animals and all of them exhibited a normal behavior. 

14.2.1.3 Body weight 

Individual data in Appendix 2 (body weight) and Appendix 3 (body weight gain). 

A decrease in mean body weight of approximately 11% in males and 3% in females was observed between 

study day 1 (exposure) and study day 2. 

From study day 2 to the end of the observation period (day 15), body weight increased gradually in all 

animals with the exception of the female ID 6 in which a small decrease (1 g, 0.5% ) was observed between 

study days 4 and 8. 

Total mean body weight gains of approximately 19% and 10% were recorded for males and females, 

respectively, during the 14 day observation period (from study day 1 to study day 15). 

14.2.2 TERMINAL INVESTIGATION 

14.2.2.1 Necropsy findings 

Individual data in Appendix 4. 

As it was mentioned in section 14.2.1.1 above, the male animal ID 1, found dead on study day 2, presented 

black spots in the lungs and black colored larynx, trachea, oesophagus and stomach. Furthermore, black 

contents in the stomach were also present. 

In all the surviving animals (two males and three females) black spots were observed in the lungs. 

The lungs were preserved in neutral-buffered 4 % formaldehyde. 
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15 DISCUSSION AND CONCLUSIONS 

It can be concluded that, under the present experimental conditions: 

 The exposure of male and female Sprague Dawley rats to the test item PURE G + for 4 hours 

resulted in the premature death of one male animal. 

 The respiratory effects of the test item were more evident in males than in females. 

 The marginal body weight loss between study days 1 and 2 in all animals was considered to be 

mainly due to the stress related to the nose-only exposure procedure, although a contribution of the 

treatment with the test item cannot be excluded. 

 The presence black spots in the lungs of all animals was considered to be related to test item 

exposure.  

 The LC50 of PURE G + was greater than 1.87 mg/L air (gravimetric aerosol concentration). 

 Based on the GHS classification criteria, PURE G + can be considered to be under human health 

hazard Category 4 (“harmful if inhaled”) or higher. 
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17 FIGURES 

 

17.1 FIGURE 1. LONGITUDINAL AND CROSS SECTIONS OF THE EXPOSURE 

CHAMBER 

 

Longitudinal section Cross section 
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17.2 FIGURE 2. SCHEMATIC REPRESENTATION OF AEROSOL GENERATION AND 

INHALATION EXPOSURE SYSTEM 

 

 

 

1. Supply of compressed air 

2. Pressure controller 

3. Aerosol generator (TOPAS SAG 410 Dust Generator) 

4.  Venturi tube to monitor air flow to the exposure chamber 

5. Nose-only, flow-past exposure chamber as detailed in Figure 1 

6. Exhaust of exposure chamber 
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18 APPENDICES 

18.1 APPENDIX 1: INDIVIDUAL CLINICAL SIGNS 
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18.2 APPENDIX 2: BODY WEIGHT. INDIVIDUAL VALUES 
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18.3 APPENDIX 3: BODY WEIGHT GAIN. INDIVIDUAL VALUES 
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18.4 APPENDIX 4: GROSS NECROPSY FINDINGS. INDIVIDUAL DATA 
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19 ANNEXES 

19.1 ANNEX I: VIVOTECNIA GLP CERTIFICATE 
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19.2 ANNEX II: CERTIFICATE OF ANALYSIS FOR TEST ITEM 
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19.3 ANNEX III: CERTIFICATE OF ANALYSIS FOR DIET AND DRINKING WATER 
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19.4 ANNEX IV: GENERAL STUDY PLAN AND STUDY SPECIFIC SUPPLEMENT 
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1. STUDY DESIGN

1.1 Title 
In vitro evaluation of the alveolar tolerability of a product on reconstructed tissues 

1.2 Study aim

Evaluation of alveolar epithelium tolerance of a product by means of the evaluation of the viability of the tissue used 
in the test and the release of TNF-alpha (proinflammatory acute cytokine) following the treatment with the product 
under exam. 
The salient features of used method are reported below:

- Study performed on reconstituted human alveolar epithelium STERLAB ALVEOLAR EPITHELIUM, a three-
dimensional model; 

- 300 of product were deposited on the surface of the epithelium in a single and prolonged application for 6
and 24 hours in suspension at 100 mg/ml;

- assessment of cell viability by MTT method;
- validation of the test by positive control (5% SDS) and negative control (PBS);
- TNF-alpha dosage by means of ELISA assay

1.3 Tested product

DIRECTA PLUS SPA

PURE G+

Sample description

Graphene nanoplatelets from graphite

1.4 Date of test execution
Experimental execution: 10/12/2020-11/12/2020
Dosage: 23/12/2020

2. MATERIALS AND METHODS

2.1 Sample and control preparation

The sample was tested as it is and in the concentration of 100 mg/ml by means of direct application.
The quantity of product to apply on the tissue surface was chosen according to literature data and product 
instructions of use.
The product was applied on the entire tissue surface for 6 hours and 24 hours in single and prolonged application
The test was performed in triplicate.
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Control preparation

Extemporaneously SDS 5% solution (Positive Control). The % SDS solution must be made in weight / volume (weighing
of the SDS then add distilled water until the necessary volume to reach the final concentration of 5 % W/V).
As negative control phosphate saline buffer was used (PBS). 

2.2 Tissues and media

Tissue set and media are provided by Sterlab.
The tissues and the necessary culture media (maintenance medium) are subjected to quality control by the provider 
and recorded on analysis certificate.

STERLAB Alveolar Epithelium  batch N° 2011 CALU 01

0.5 cm2 reconstucted buccal ephitelium reconstituted by airliften culture of TR146 cells for 5 days in chemically 
defined medium on inert polycarbonate filters.

MAINTENANCE MEDIUM batch N° 20HC331
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2.3 Test procedure for MTT test

Pre-incubation step 
Pre-incubation step proceed for at least 2 hours.
An appropriate numbers of 6-well plates are filled with 1000 L mainteinance culture medium.
Using sterile forceps, tissues are taken off from the agarose, the bottom of the insert is cleaned on sterile absorbent
paper or gauze to remove eventual remaining agarose pieces. The tissues are transferred on fresh medium by first 
sloping the insert before complete insert setting at the air-liquid interface. Tissues are placed at 37°C, 5% CO2 until 
test substance application.

Application of test substance and rinsing 
The maintenance culture medium is pre-warmed at room temperature.
24-well plate are filled with 300 L pre-warmed maintenance culture medium. Using sterile forceps, tissues are 
transferred by first sloping the insert before complete insert setting at the air-liquid interface.

Applications of tested product
The product applied so that to completely cover the entire surface of the tissue for 6 and 24 hours in single and 
prolonged application.

Rinsing and drying steps
At the end of the treatment by placing a funnel in a large beaker (to avoid underneath projections/contaminations of 
the tissues) the tissues are rinsed thoroughly several times with 25 mL PBS at a 5-8 cm distance from the insert to 
remove all residual test substance from the tissue surface. Insert bottom is dried on a sterile absorbent paper or gauze 
for 1-2 seconds. The surface of the tissue is sweepped with both ends of a cotton tip. Washed tissues are transferred 
in MTT solution.

2.4 MTT test
Tissue viability is assessed by MTT reduction measurement.

Incubation in MTT solution

A 24-well plate is filled with 300 L MTT (1 mg/ml).
The treated tissues are transferred in the pre-filled MTT 24-well plates, by first sloping the insert before complete 
insert setting at the air-liquid interface and incubated for 3 hours (+/- 5 minutes) at 37°C, 5% CO2, 95% humidified 
atmosphere.

Formazan extraction

A new 24-well plate is filled with 1500 L isopropanol. 
At the end of the 3 hours (± 5 minutes) incubation in MTT solution, treated tissues are transferred in isopropanol 
solution and incubated for 2 hours (± 5 minutes) at room temperature with gentle agitation (about 150 rpm) for 
formazan extraction.

Optical density measurements
At the end of the 2 hours (± 5 minutes) tissue and polycarbonate filter are pierced with a tip in order to get the whole 
extraction solution in the corresponding well.
The extraction solution is homogenized to complete formazan crystals solubilization.
200 L extraction solution per well are transferred into a 96-well plate and optical density is red at 540 nm.
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2.5 Result calculation and data interpretation

% relative viability is calculated for test substance and positive control respect to negative control. Tested sample is 
classified according to compared to the following criteria:

Mean tiss
Mean tissue viability is > 50% Not Irritant

2.6 TNFalpha dosage 
Culture media of controls and tissues treated with tested product were used for the dosage of pro-inflammatory 
cytokine TNFalpha by means of ELISA method.
Commercial kits were used for the determination. ELISA use the competitive binding between an antigen (in this case 
the cytokine of interest) and its primary antibody. The immune complex (antigen-antibody) was bond by a secondary 
antibody conjugated to a peroxidase. The addition of the enzyme substrate gives a colorimetric reaction with intensity 
proportional to the immune complex presence, and so to the cytokine quantity.
The quantitative determination uses a calibration curve made-up of standard known and growing concentrations of 
standard cytokine.

2.6 Bibliographic references
OECD Test No. 439: In Vitro Skin Irritation: Reconstructed Human Epidermis Test Method

OECD Test No. 492: Reconstructed human Cornea-like Epithelium (RhCE) test method for identifying chemicals not 
requiring classification and labelling for eye irritation or serious eye damage

ISO 10993-1:2009 Biological evaluation of medical devices -- Part 1: Evaluation and testing within a risk management 
process

ISO 10993-2:2006 Biological evaluation of medical devices -- Part 2: Animal welfare requirements

ISO 10993-10:2010 Biological evaluation of medical devices -- Part 10: Tests for irritation and skin sensitization

ISO 10993-12:2012 Biological evaluation of medical devices -- Part 12: Sample preparation and reference materials

ritation Test (EPI-200-SIT)

SKINETHIC SKIN IRRITATION TEST-42bis Standard Operating Procedure (SOP).

Dongari-Bagtzoglou A, Kashleva H. Development of a highly reproducible three-dimensional organotypic model of the 
oral mucosa. Nat Protoc. 2006;1(4):2012-8.

Smistad G, Jacobsen J, Sande SA. Multivariate toxicity screening of liposomal formulations on a human buccal cell line. 
Int J Pharm. 2007 Feb 7;330(1-2):14-22.

Mørck Nielsen H, Rømer Rassing M. TR146 cells grown on filters as a model of human buccal epithelium: V. Enzyme 
activity of the TR146 cell culture model, human buccal epithelium and porcine buccal epithelium, and permeability of 
leu-enkephalin. Int J Pharm. 2000 May 10;200(2):261-70.

Nielsen HM, Rassing MR. TR146 cells grown on filters as a model of human buccal epithelium: IV. Permeability of 
water, mannitol, testosterone and beta-adrenoceptor antagonists. Comparison to human, monkey and porcine buccal 
mucosa. Int J Pharm. 2000 Jan 25;194(2):155-67.
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3. RESULTS

3.1 Cell viability-MTT test

Table 1 % cell viability in tissues treated with test control and tested product for 6 or 24 hours. The results are expressed as mean 
% variation ± dev.st. compared to the negative control.

TEST CONTROL % CELL VIABILITY

(MEAN VALUE ± ST. DEV.)

CLASSIFICATION

SDS 5%

6 h exposure

9.45%  ± 0.10%

24 h exposure

9.87%  ± 0.30%

IRRITANT

IRRITANT

              

   TESTED PRODUCT   % CELL VIABILITY

(MEAN VALUE ± ST. DEV.)

CLASSIFICATION

DIRECTA PLUS SPA

PURE G+

6 h exposure

99.46% ± 1.02%

24 h exposure

91.67% ± 5.02%

NOT IRRITANT

NOT IRRITANT
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3.2 Cytokine release TNFalpha dosage

Table 2 TNFalpha dosage on culture media of CTR-, CTR+ and tissues treated with test sample for 6 or 24 hours. The results are 
expressed as mean value ± dev.st. (expressed in pg/ml) and as mean % variation compared to the negative control. Obtained 
results were subjected to statistical analysis by means of Student test. Variations (vs CTR-) are considered statistically significant 
with *p<0.05.

Exposure time: 6h  - TNFalpha Dosage (pg/ml)

MEAN DS
88,00 29,86

225,50 18,03 *

122,17 17,56

Exposure time: 24h  -  TNFalpha Dosage (pg/ml)

MEAN DS
90,50 24,49

263,83 30,55 *

117,17 11,55PURE G+

CTR-

CTR+

CTR-

CTR+

PURE G+

The assay of the pro-inflammatory cytokine TNFalpha shows that a statistically significant inflammatory reactivity was 
induced in the positive control (p <0.05 vs CTR-).
Tissues treated with PURE G + did not show statistically significant changes in the release of TNFalpha compared to 
CTR- (p> 0.05 vs CTR-) and therefore no inflammatory reactivity was highlighted.
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4. CONCLUSIONS

According to the data obtained and reported in this report and according to the applied experimental protocol

DIRECTA PLUS SPA

PURE G+

d show an irritation potential on reconstructed alveolar epithelium

Experimenter Study Director

Dr. Manuela Lanzafame Dr. Silvana GIARDINA

________________________________________________________________________________

The result(s) cited in the present report refer(s) only to the tested sample and to the particular experimental conditions 
hereby described.
This report or parts of it can be reproduced only with the Complife Italia Srl agreement.
A copy of this report is kept on file at Complife Italia Srl.
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1. STUDY DESIGN 
 

1.1 Title 
In vitro evaluation of the penetration skin absorption of a product through reconstructed human epidermis. 

 
1.2 Study aim 
The purpose of the test was the evaluation of the skin absorption potential of the graphene Pure G+ through an in 
vitro reconstructed human epidermis.  
The penetration study was performed following the general principles of OECD 428. 
 
The biological model used in the test was  
 
EpiDerm™ by Mattek 
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The experimental system is represented in the following image: 
                 
 
 
 
 

  
 
 

 
 

 

1.3 Tested product 

 

DIRECTA PLUS SPA 
Pure G+ 

 

Sample description 

Graphene nanoplatelets from graphite 
 
 

1.4 Dates 

10/12/2020 – 11/12/2020 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Product spread on the surface of the epidermis 

Reconstructed human epidermis 

Penetration through the epidermis 
 

Medium for the collection of the penetrated substance/product 
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2. MATERIALS AND METHODS 
 
2.1 Preparation of the test item  
The sample was tested as a 100 mg/ml suspension solution by means of direct application. 
300 μl of product (corresponding to 30 mg) were applied on tissue surface for 6 and 24 hours. The test was performed 
in triplicate. 
 
2.2 Exposure method  
Pre-incubation step 
Pre-incubation step proceed for at least 2 hours. 
An appropriate number of 24-well plates are filled with 700 μL mainteinance culture medium. 
Using sterile forceps, tissues are taken off from the agarose, the bottom of the insert is cleaned on sterile absorbent 
paper or gauze to remove eventual remaining agarose pieces. The tissues are transferred on fresh medium by first 
sloping the insert before complete insert setting at the air-liquid interface. Tissues are placed at 37°C, 5% CO2 until 
test substance application. 
 
Application of test substance and rinsing 
The maintenance culture media is pre-warmed at room temperature. 
Wells are filled with 500 μL pre-warmed maintenance culture medium. Using sterile forceps, tissues are transferred by 
first sloping the insert before complete insert setting at the air-liquid interface. 
300 μl of tested product were applied on the surface of the tissue for 6 and 24 hours exposure in single application 
according to sample posology. 
At the end of the treatment by perform the chemical analysis, media and tissues are collected.  
The tissues are rinsed thoroughly several times with 1mL PBS at a 5-8 cm distance from the insert to remove all 
residual test substance from the tissue surface. Insert bottom is dried on a sterile absorbent paper or gauze for 1-2 
seconds. The surface of the tissue is swapped with both ends of a cotton tip (5-6 turns per end). 
 
2.3 Dosage 
At the end of treatment, the medias underlying the tissues and the tissues were collected. 
The dosages were performed on the media and tissues to quantify the amount of absorbed graphene. 
The dosages were performed on washing solution too in order to calculate the product recovery (in reference to the 
applied graphene quantity, as obtained with the same dosage method). 
The assays were performed by thermo-gravimetric technique (Weighing after liquid evaporation, 110°C for 4 hours). 
For complete data, fresh samples (media and tissue) were measured too. 
 
 
2.4 Results 
On the basis of the obtained experimental data and statistical analysis (T-test), the product penetration is determined. 
If product penetration is confirmed, the calculation of the quantity of graphene penetrated though the epidermis 
respect to the quantity of applied product (30 mg) is performed and expressed as a percentage. 
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3. RESULTS  
The results of the test are reported below: 
 
 

In vitro skin absorption test - Pure G+

Dosages by thermo-gravimetric method 

mean value st. dev. T.test

Untreated epidermis 0,4952 0,4879 0,4923 0,4918 0,0037

Epidermis treated with Pure G+  - 6h 0,4842 0,49132 0,4824 0,4860 0,0047 0,335567

Epidermis treated with Pure G+  - 24h 0,4963 0,49592 0,4796 0,4906 0,0095 0,86276

mean value st. dev. T.test

Untreated epidermis 0,0002 0,0004 0,0003 0,0003 0,0001

Epidermis treated with Pure G+  - 6h 0,0002 0,0001 0,0003 0,0002 0,0001 0,42265

Epidermis treated with Pure G+  - 24h 0,0002 0,0004 0,0002 0,0003 0,0001 0,42265

mean value st. dev. T.test

Untreated epidermis 0,6274 0,6283 0,6275 0,6277 0,0005

Epidermis treated with Pure G+  - 6h 0,6283 0,6272 0,6315 0,6290 0,0022 0,483173

Epidermis treated with Pure G+  - 24h 0,6303 0,6282 0,6291 0,6292 0,0011 0,233361

mean value st. dev. T.test

Pure G+ stock suspension (300 ul)* 0,0296 0,0297 0,0296 0,0296 0,0001

Epidermis treated with Pure G+  - 6h 0,0298 0,0296 0,0296 0,0297 0,0001 0,741801

Epidermis treated with Pure G+  - 24h 0,0296 0,0298 0,0298 0,0297 0,0001 0,225403

* reference value to establish the recovery in the washing procedure

Weight (g)

DRYED WASHING SOLUTION (25 ml)

Weight (g)

Weight (g)

FRESH MEDIA

DRYED MEDIA

Weight (g)

TISSUE

 
 
Collected experimental data does not show any absorption potential for G+; no statistical differences were 
recorded among the control conditions and treated ones, as well as in the washing solution respect to the applied 
stock suspension. 
The product recovery is compliant to 100±10% fixed by OECD 428. 
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However, some photographic sequences are shown below in which a significant adhesiveness of the product to the 
surface of the fabric is highlighted, which is not however recorded in quantitative terms through the dosage method 
used. 
 

 
UNTREATED EPIDERMIS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
PURE G+ TREATED EPIDERMIS – 6h    PURE G+ TREATED EPIDERMIS – 24h 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
Experimenter 

 

 
Study director 

 

Dr. Manuela Lanzafame Dr. Silvana Giardina 
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______________________________________________________________________________ 
 

► The result(s) cited in the present report refer(s) only to the tested sample and to the particular experimental conditions 
hereby described.  

► This report or parts of it can be reproduced only with the Complife Italia s.r.l. agreement. 

► A copy of this report is kept on file at Complife Italia s.r.l. 
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