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• Cohort 2 – Assessment of the impact of chemical exposure on the developing nervous system
Cohort 2A rats were allocated to neurobehavioral evaluation (behavioral, neurological and autonomous
parameters). Reactions to manipulation and different stimuli were graded in a functional observation battery
between days 65 and 72 pp. The animals were evaluated in the cage, in the hand and in a standard arena for
the following behaviors: touch escape, fur appearance, salivation, lacrimation, piloerection, exophthalmos,
reactivity to handling, pupil size, grooming, palpebral closure, defecation, urination, tremors, twitches,
convulsions, gait, arousal, posture, stereotypy, behavior, breathing, ataxia, hypotonia, pupil reflex and auditory
reflex.

Motor activity (horizontal movements and rearing) was measured by actimetry using validated automated infra-
red sensor equipment (Imetronic: Pessac, France) over a 60-minute period on days 64-66 pp. Auditory startle
testing was performed using a Kinder Scientific acoustic surge tester (Kinder Scientific, San Diego, USA) on
day 24 pp.

Cohort 2B rats were evaluated for brain morphometry to compare brain development in pups from the treated
P generation dams with pups from vehicle control dams on day 22 pp. Multiple sections of the brain were
examined using GLP-validated ImageScope® software and dimensions were assessed as recommended by
Garman et al., 2016.
• Cohort 3 – Potential effects on immune function
Cohort 3 rats were used to assess the potential impact of chemical exposure on the developing immune system
after antigen stimulation using the primary and secondary specific IgM and IgG antibody responses. A validation
study was performed as part of the set up of the primary IgM response. The animals were immunized with 2 mL
of KLH (Keyhole Limpet Hemocyanin) at 1.5 mg/mL on day 56 pp. Anti-KLH IgM antibodies were evaluated
before and 5 days after immunization during the ELISA detection method validation.

2 MATERIALS AND METHOD
In a standard OECD 443 reproductive toxicology study, sexually-mature male and female rats
(P generation) are exposed to 3 dose levels of the test item from before mating and continuously through
mating, gestation and weaning of the pups (F1 generation). F1 pups are assigned to cohorts and receive
the test item from weaning on day 22 (except for cohort 2B rats, which are not treated further).
In this presentation, the vehicle control groups are reported along with positive control treated groups for
certain validation studies.

• Cohort 1 – Reproductive and developmental endpoints, and reproductive performance 
through mating and parturition

Cohort 1A rats were used to investigate hematology, blood biochemistry, urinalysis and thyroid hormone
levels. Estrous cycle parameters were monitored in females. Full seminology investigations were
performed in males to assess sperm motility and morphology, and the number of spermatozoa were
counted.

Cohort 1B rats were mated to assess any effects on reproductive performance, and the females were
monitored until day 4 post partum (pp) to evaluate parturition, nesting behavior and nursing performance.
The pups (F2 generation) were examined on day 1 pp for visible abnormalities, cleft palate, subcutaneous
hemorrhage, abnormal skin color/texture, presence of umbilical cord, lack of milk in the stomach and the
presence of dried secretions. Their body temperature, activity and reaction to handling were qualitatively
assessed and the F2 pups were weighed on days 1 and 4 pp.

1 INTRODUCTION
The safety of chemicals imported into or produced in Europe must be evaluated according to volume within
the scope of REACH regulations. Part of the testing strategy is covered by OECD test guideline 443, which
describes the objectives and procedures of the Extended One-Generation Reproductive Toxicity Study
(EOGRTS) in rats to be performed on chemicals with volumes over 100 tons or if there is a cause for
concern.

Table 1: Testing requirements under REACH, based on annual production volumes

We have validated methods for the evaluation of EOGRTS endpoints in the parental (P) generation and in
three cohorts of their offspring (F1 generation), covering different neurobehavioral, developmental and
reproductive endpoints.

3 RESULTS
 Cohort 1A reference ranges from vehicle controls were generated for hematology, coagulation and blood

biochemistry parameters and are presented in Table 2. To assess effects on the reproductive system,
pups were monitored for sexual development (cleavage of the balanopreputial groove or vaginal
opening). Estrus cycles were monitored in females. Full seminology investigations were performed at
termination in males. These included sperm motility and morphology assessment, sperm count and
calculation of the daily sperm production rate (Table 3).

 Cohort 1 B rats were mated and reference data were generated for clinical signs in 
the F2 pups (Table 4).

Table 4: Reference clinical signs data in F2 cohort pups at gross external examination 
on day 1 pp

 For cohort 2A, included as part of the validation of the auditory startle apparatus for
the evaluation of habituation to sound, the amplitude and latency of the auditory
startle reflex were compared in clonidine treated rats versus untreated rats (50 trials
were performed). Decreased response amplitude and increased response latency
were detected in the clonidine treated group when compared to the control group
response, thus demonstrating the reliability and accuracy of the startle reflex test
(Tables 5 and 6).

Table 2: Reference ranges for hematology, coagulation and 
blood biochemistry parameters in cohort 1A vehicle controls

Ranges of mean values

F1 males F1 females 

Leukocytes (g/L) 16.28 to 16.91 11.29 to 12.27

Erythrocytes (T/L) 9.03 to 9.27 8.36 to 8.58

Hemoglobin (g/dL) 15.7 to 15.9 15.2 to 15.5

Packed cell volume (L/L) 0.47 to 0.48 0.45 to 0.46

Mean cell volume (fL) 51.8 to 52.0 53.3 to 53.4

Mean cell hemoglobin (pg) 17.1 to 17.4 18.1 to 18.2

Mean cell hemoglobin 
concentration (g/dL)

33.1 to 33.3 33.9 to 34.1

Thrombocytes (g/L) 817 to 845 819 to 876

Reticulocytes (%) 2.66 to 2.98 2.70 to 2.73

Neutrophils (g/L) 2.5 to 3.0 1.47 to 1.61

Eosinophils (g/L) 0.14 to 0.17 0.12 to 0.16

Basophils (g/L) 0.05 to 0.06 0.02 to 0.03

Lymphocytes (g/L) 12.43 to 13.44 9.09 to 10.22

Large unstained /unclassified cells(g/L) 0.11 to 0.12 0.08 to 0.10

Monocytes (g/L) 0.55 to 0.62 0.31 to 0.35

Activated partial 
thromboplastin time (s)

15.8 to 16.3 16.8 to 17.5

Fibrinogen (g/L) 3.05 to 3.37 2.50 to 2.91

Prothrombin time (s) 20.9 to 23.6 23.9 to 26.9

Sodium (mmol/L) 142.9 to 143.2 141.8 to 142.2

Potassium (mmol/L) 3.92 to 3.97 3.67 to 3.70

Chloride (mmol/L) 104.2 to 106.2 105.8 to 107.5

Calcium (mmol/L) 2.57 to 2.64 2.55 to 2.59

Phosphorus (mmol/L) 2.22 to 2.26 1.89 to 1.92

Glucose (mmol/L) 7.52 to 7.63 6.90 to 7.23

Urea (mmol/L) 4.1 to 5.6 4.8 to 6.1

Creatinine (µmik/L) 36.15 to 36.59 39.06 to 40.49

Total bilirubin (µmol/L) 0.1 to 0.23 1.05 to 1.21

Total proteins (g/L) 59.6 to 61.6 59.8 to 61.6

Albumin (g/L) 35 to 36 35 to 36

Albumin/globulin ratio 1.30 to 1.53 1.31 to 1.54

Total cholesterol (mmol/L) 1.99 to 2.18 2.12 to 2.14

Triglycerides (mmol/L) 0.95 to 1.03 0.37 to 0.41

Alkaline phosphatase (IU/L) 375 to 424 291 to 306

Aspartate aminotransferase (IU/L) 79 to 101 74 to 90

Alanine aminotransferase (IU/L) 43 to 52 33 to 45

Table 3: Seminology investigation reference values in cohort 1A 

n= 87 Mean SD Min Max

Number of epididymal sperm (106/cauda) 135.83 24.504 74 190

Number of epididymal sperm (106/g of cauda) 428.22 81.386 237.2 610.9

Epididymal sperm morphology (%)

Abnormal head with normal flagellum 0.1 0.266 0 1.5

Abnormal head separated from flagellum 0 0 0 0

Abnormal head with abnormal flagellum 0.01 0.075 0 0.5

Normally shaped head with abnormal 
flagellum 1.33 1.198 0 5.5

Normally shaped head separated from 
flagellum 2.54 1.253 0 6.5

Normal 96.01 1.677 91.5 99

Percentage of motile epididymal sperm 98.19 3.611 75 100

Testicular sperm count (106/g testis)

Daily sperm production rate 17.19 2.888 9.1 25.2

Mean number of sperm heads 104.91 17.605 55.4 153.6

 For cohort 2B, histomorphometry measurements were conducted to examine the following brain sections: olfactory bulbs, 
cerebral cortex, hippocampus, basal ganglia, thalamus, hypothalamus, mid-brain (thecum, tegmentum, and cerebral 
peduncles), brain-stem and cerebellum (Image 1).

Image 1: Representative measurements 
of dentate gyrus, cornu ammonis and 
hippocampus thickness

Table 5: Auditory startle reflex amplitude 
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Table 6: Latency of  auditory startle reflex
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Specific methods have been validated for use in EOGRTS studies to
provide relevant reproductive, developmental, neurological and immune
function data for the safety assessment of chemicals under REACH
Regulations.

3 CONCLUSION
 For cohort 3, a study was performed to validate the primary anti-KLH IgM antibody response using a vehicle

only group. Quantifiable concentrations of anti-KLH IgM were detected before KLH immunization as rat serum
may contain natural antibodies directed against some glycosylated moieties similar to the ones in KLH.
Increased anti-KLH IgM non-specific binding was observed after immunization, thus demonstrating the reliability
of the method.

Testing required Annual production volume
≥ 1 ton ≥ 10 tons ≥ 100 tons ≥ 1000 tons
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Two 
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effects > F2) 

One species if 
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One 
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Clinical signs at gross external examination in F2 pups on 
day 1 pp

Percentage of                                                                                 
affected pups

Gross external examination

Abdomen (black color) 0.9
Presence of umbilical cord 0.4
Dehydration 1.3
Cold to the touch 1.3
Emaciated appearance 0.4
Pallor (generalized) 0.4
Hypoactivity 0.9
Bradypnea 0.4
Milk in stomach (absence or few) 1.3
Scab (head, back, ear and/or neck) 1.3
Wound (head, neck, back and/or tail) 0.4
Qualitative assessment of body temperature 0.9
Activity and reaction to handling 0.9
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