IMPORTANT NOTE FROM THE EARTHING INSTITUTE:

The animal study presented below was designed to compare the lifetime effects of grounding vs. nongrounding on caged female rats in a research laboratory. However, critical differences in the cage
environment used for grounded and non-grounded rats discouraged the study from being submitted to
peer-reviewed journals for publication.
The flaws are as follows:
1) The standard shoebox cages used to house grounded animals were equipped with stainless steel
mesh flooring electrically grounded to the building ground. There was no such flooring used in the
cages of non-grounded rats.
2) The grounded cages bedding was minimized so that at least one paw was always touching the
grounded mesh flooring. The animals in ungrounded cages had normal bedding.
After analyzing these results carefully, we came to the conclusion that these critical differences resulted
in more stress for grounded animals as well as hind paw lesions that were observed on 10 of the 30
grounded animals.
The researcher wrote in section 5.3. Interpretation that it was “unlikely that these lesions would have
affected any of the parameters measured in this study due to their localized nature.” However, there is
no way to know for sure with the present study design. It is reasonable to infer that this situation may
have resulted in inflammation markers increase in all the grounded animals especially after the first 169
days as the animals became older. Results were analyzed after the first 6 months of the study and a
second analysis was performed at the end of the study. Results for both are presented in the present
report. The proper protocol should have required the ungrounded group cages to have an identical
stainless steel mesh flooring as the grounded animals (but not electrically grounded) and also to have
similar bedding.
The study still provides intriguing results and, with a corrected design, could be used as a guideline for
future studies.

1

FINAL REPORT

STUDY TITLE:

EARTHING EFFECTS IN FEMALE LEWIS RATS

TEST FACILITY:

ToxTest®
Alberta Innovates – Technology Futures
Highway 16A & 75th Street
P.O. Bag 4000, Vegreville, AB
Canada T9C 1T4

SPONSOR:

Earth FX, Inc.
Suite 20, 707 E. Taquitz Canyon Way
Palm Springs, California
USA 92262

Study Initiation Date: June 17, 2008
Study Completion Date: March 4, 2010

2

SUMMARY
The purpose of this study is to determine whether differences between grounded and ungrounded animals
can be found over the life span of female Lewis retired breeder rats, which is about two years. Two groups
of 30 rats, one group housed on grounding mats and the other without mats were entered into the study.
Blood samples were taken every 4 weeks for 169 days, then every 8 weeks for 14 months and analyzed for
clinical chemistry and hematological parameters, and the biomarkers tumor necrosis factor alpha (TNFα),
nitrate/nitrite (NOx) and C-reactive protein (CRP). The resulting data were compared between the treatment
groups. At 169 days, significant differences between grounded and ungrounded animals were seen in
several parameters. Some could be factors forming a pattern that may be related to metabolic syndrome
(TG, GLU, ALP, CRP), others to kidney function (CRE, UREA) and still others to factors affecting serum
proteins (TP, GLOB). Some parameters showed progressive changes over time (TG, CRP, NOx and TNFα).
In the final results, most of the small but significant differences between treatment groups observed at the
Study Day 169 point in the study persisted to the end of the study. Although the group differences were
small and the mean values of the parameters fell mostly in the normal range, two potentially important
patterns were observed. The first pattern may be related to a potentially beneficial effect of grounding on
metabolic syndrome, in that serum triglycerides, glucose, alkaline phosphatase and also body weight were
lower in the grounded group than in the ungrounded group. The other may relate to immune
responsiveness, as evidenced by the slightly higher levels of serum globulins and the related parameters
total protein and albumin-globulin ratio in the grounded group. Other intergroup differences not falling
into a pattern included lower lymphocyte counts, mean corpuscular hemoglobin and mean corpuscular
hemoglobin concentration and higher segmented neutrophils, absolute segmented neutrophil counts, and
platelet counts in the grounded than in the ungrounded group. As well, the grounded group had higher
serum creatinine levels, lower serum potassium levels (potentially associated with intracellular effects of
grounding), higher serum aspartate transaminase levels (an indicator of liver damage), and lower Creactive protein at Study Day 169 (changing to higher C-reactive protein over the course of the study)
than the ungrounded group. All of the parameter means fell close to the reported normal ranges and none
of the statistically significant differences affected survival rates under the conditions of the study.
It was concluded that electrical grounding can subtly affect physiological parameters, and this has the
potential to have an impact on the health of an at-risk individual. Further study of the effects of grounding
under different experimental conditions may help elucidate the relevance of our observations.
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1.0 GENERAL POINTS
1.1 Test Article
Electrical grounding mats connected to building earth.
1.2 Objective
To evaluate the lifetime effects of electrical grounding vs. the ungrounded condition in retired breeder
female Lewis rats.
1.3 Schedule of the Study
•
•
•
•
•

Experimental starting date: June 24, 2008
First day of treatment: June 25, 2008
Last day of treatment: March 4, 2010
Day of necropsy: March 4, 2010
Experimental completion date: March 4, 2010

2.0 TEST ITEM INFORMATION
A stainless steel mesh pad electrically grounded to the building ground, in each standard shoebox
cage containing test animals, was used as the test item to determine the effect of electrical
grounding. The mesh pads were 415 x 195 mm to cover the bottom of each cage. A 215 mm vertical
grounding post was welded to the corner of each mat. A wire lead connected to the building
electrical ground was attached to the top of each post with an alligator clip. The mesh was ¼” x ¼”
(6.35 x6.35 mm) woven stainless steel, wire size 0.0785” (2 mm). For the protection of the animals,
the mesh edges were covered with a 10 mm wide folded 20 gauge (0.9525 mm thick) stainless steel
frame. The grounding post was made of 0.125” (3.175 mm) diameter stainless steel rod.
3.0 EXPERIMENT PROCEDURE
3.1 Test System and Environment
3.1.1 Species, Strain, Supplier and Specifications
 Species/Strain: Rat, Lewis, female retired breeders
 Supplier: Charles River Canada Inc
 Number of Animals in the Study: 60
 Age at Initiation of Treatment: 4-6 months
 Sex: Female
 Body Weight Range at Initiation of Treatment: 260.1 g – 372.2 g
3.1.2 Environment and Husbandry
The animal room environment was controlled with targeted conditions:
 Housing: in pairs
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Temperature: 18-26 degrees C.
Relative Humidity: 30-70%
Air Changes: 15-20/h
Light Cycle: 12 h
Caging: Shoebox cages with environmental enrichment (metal tubes in contact with the
grounding pads in grounded group) and some with metal tube only (ungrounded group). In
cages with grounding pad, bedding depth was kept minimal so that at least one foot was
always touching the pad.

3.1.3 Diet and Water
 Diet: Certified Pico-Rodent chow
 Water: ad libitum UV sterilized reverse osmosis water.
 Bedding: Anderson’s Bed-O-Cobs, (Diamondsoft when requested by veterinarian)
The study director has reviewed the feed, bedding and water analysis for contaminants and found
none present.
3.2 Pre-treatment Procedures









Animal Health Procedure: Rats were observed daily and body weights taken on the first day of
the pretest period. A health status report was generated prior to animals being released to the
study.
Acclimation Period: 7 days
Allocation to Treatment Group: Rats were allocated with SAS PROC PLAN to minimize
differences in body weight between treatment groups.
Identification of the Animals: tail tattoo
Selection Criteria: Only animals in apparent good health and within the specified age range were
selected for randomization to treatment groups.
Identification Numbers: Rats were assigned a unique number within 3 days of arrival at the
Facility.
Identification of the Cages: Cage cards

3.3 Treatment
3.3.1 Experimental Design
3.3.1.1 Test Treatments
This study was intended to build upon a model validated previously. The effects of electrical
grounding vs. a non-grounded control condition on clinical chemistry, hematology and biomarker
parameters were followed for 20 months. A total of 60 rats entered the study. Two groups of 30
animals were each assigned to specific treatments. Group breakdown was as below in Table 1.
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Table 1. Treatment Groups for the Study
Group
No.
1

Test
Treatment
Grounded

2

None

Purpose
To evaluate the effects of electrical grounding on various biological
indicators
To establish that the model system was performing as expected

Test treatments involve housing in shoebox cages with electrical grounding mats connected to the
room’s electrical ground by the Earth FX earthing technology starting on Study Day 1. Induced
voltage measurements on the enrichment tubes vs. the building ground were recorded daily.
Animals surviving for the duration of the study were sacrificed at 20 months, at an approximate
age of 2 years.
The experimental procedure schedule is summarized in Table 2. Note that the numbers of animals
are those based upon initial planning. Actual numbers were subject to attrition as the project
progressed and are given in the results section.

Study Day
Number
1
29
57
85
113
141
169
225
281
337
393
449
505
561
618

Table 2. Experimental Procedure Schedule
Blood Collection
Blood Collection via
via Jugular
Abd. Vena Cava & Sacrifice
60 animals
60 animals
60 animals
60 animals
60 animals
60 animals
60 animals
60 animals
60 animals
60 animals
60 animals
60 animals
60 animals
60 animals
60 animals

The treatment schedule is summarized in Table 3.

6

Table 3. Treatment Schedule
Treatment
No. of Animals
Treatment
Group
per Group
1
Grounded
30
2
None
30

3.3.1.2 Observations
Observations were performed once daily, with full clinical observations once weekly.
3.3.1.3 Body Weight
Animals were weighed on the first pretest day, on Study Day 1 and at each blood collection time
and prior to euthanasia.
3.3.1.4 Clinical Pathology
On study day 1 and thereafter according to the study schedule in Table 2 until study day 618,
animals were anesthetized with isoflurane and blood was collected from all animals for
biomarker, hematological and clinical chemistry analyses as described in the following sections.
3.3.1.5 Hematology
The following parameters were evaluated on an Abbott Cell-Dyn® 3700 CS using Abbott
reagents:











Red blood cell count (RBC) and morphology (morphology performed manually)
White blood cell count (WBC)
Absolute and relative differential white blood cell count (manual: segmented neutrophils,
SEG; absolute segmented neutrophils, ABS SEG; band neutrophils, BAND; absolute band
neutrophils, ABS BAND; lymphocytes, LYMPH; absolute lymphocytes, ABS LYMPH;
monocytes, MONO; absolute monocytes, ABS MONO; eosinophils, EOS; absolute
eosinophils, ABS EOS; basophils, BASO; absolute basophils, ABS BASO)
Hematocrit (HCT)
Hemoglobin (HGB)
Mean Cell Hemoglobin (MCH)
Mean Cell Volume (MCV)
Mean Cell Hemoglobin Concentration (MCHC)
Platelets (PLT)

3.3.1.6 Biomarkers
The following biomarkers were evaluated via ELISA methods:




C-reactive protein (CRP), Helica Biosystems, Inc.
Tumor necrosis factor alpha (TNFα), Biosource/Invitrogen Corp.
Nitric oxide (Serum nitrite/nitrate, NOx), OXIS International, Inc.
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3.3.1.7 Clinical Chemistry
The parameters in Table 4 were evaluated:
Table 1. Parameters Evaluated on the Hitachi 912 Automatic Analyzer
Parameter Analyzed

Method of Analysis

Alanine Aminotransferase (ALT)
Albumin (ALB)
Albumin/Globulin Ratio (AG Ratio)
Alkaline Phosphatase (ALP)
Aspartate Aminotransferase (AST)
Calcium (CA)
Chloride (CL)
Cholesterol (CHOL)
Creatinine Kinase (CK)
Creatinine (CRE)
Globulin (GLOB)
Glucose (GLU)
Sorbitol dehydrogenase (SDH)
Phosphorus (PHOS)
Potassium (K)
Sodium (NA)
Total Bilirubin (TBIL)
Total Protein (TP)
Triglycerides TG)
Urea Nitrogen (UREA)

IFCC without pyridoxal (UV test)
Bromocresol green
Calculated
ALP-IFCC liquid
IFCC without pyridoxal
o-Cresolphtalein complexone
Ion Selective Electrode with dilution
CHOD-PAP (enzymatic colorimetric)
CK-liquid IFCC
Jaffe (kinetic) rate-blanked and compensated
Calculated (total protein – albumin)
GOD-PAP
SDH-oxidation of NADH (UV)
Molybdate
Ion Selective Electrode with dilution
Ion Selective Electrode with dilution
Jendrassik
Biuret
GPO-PAP (enzymatic colorimetric)
Urea kinetic (UV)

Reagent
Manufacturer
Roche
Roche
N/A
Roche
Roche
Roche
Roche
Roche
Roche
Roche
N/A
Roche
Catachem
Roche
Roche
Roche
Roche
Roche
Roche
Roche

Other calculated parameters include:




Lipemic Index (L)
Hemoglobin Index (H)
Icteric Index (I)

3.3.1.8 Induced Voltage
The induced voltage on the metal enrichment tubes in both groups was recorded daily, thereby
providing an estimate of the electric field exposure to animals in the two groups.
3.3.2

Euthanasia
Euthanasia was conducted via abdominal vena cava bleed under isoflurane anesthesia.

3.3.3

Necropsy
Rats found dead or undergoing unscheduled necropsy were subjected to blood and tissue
collection at the discretion of the study director or veterinarian conducting the necropsy, in order
to establish diagnosis of any detectable pathologies.
All remaining rats were euthanized by exsanguination under anesthesia on terminal study day 617
or 618, during final blood collections. The following tissues were examined and collected into
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10% neutral buffered formalin or other fixative to observe any sub-clinical inflammatory
response. Additional tissues were taken at the discretion of the study director or pathologist.






cervical/mandibular, mesenteric, iliac lymph nodes
spleen
liver
lung
kidney

3.3.4

Histology
The collected tissues listed above were sectioned and stained, along with any other tissues taken.
The veterinary pathologist examined the slides and reported his findings.

4.0

DATA EVALUATION














Data analysis followed a two-way analysis of variance (ANOVA, group by study day) for
normally distributed data and an equivalent non parametric procedure for non-normal data.
Statistical analyses were performed using SAS Release 9.2 for Windows XP. Statistical
procedures were selected based on the distribution of the data and the validity of the
assumptions.
Statistical significance was declared when p ≤ 0.05.
Base levels for all parameters were obtained on Test Day 1 before beginning treatments.
Body weight data was analyzed using repeated measures ANOVA with SDAY1 (Study Day
1) measurements as covariate. The model included treatment group (1 and 2), study day (29,
57, 85, 113, 141, 169, 197, 225, 253, 281, 337, 393, 450, 506, 561, and 618) and treatment
group by study day interaction as fixed effects.
Clinical chemistry, CRP biomarker and hematology parameters were analyzed using a
repeated measures analysis of variance. The model included treatment group (group 1 and 2),
study day (29, 57, 85, 113, 141, 169, 197, 225, 253, 281, 337, 393, 450, 506, 561, and 618)
and treatment group by study day interaction as fixed effects as well as the pre-dose
parameter value as a covariate. The exceptions to this were TBIL, BASO, ABS-BASO,
BAND, and ABS BAND which were analyzed using the Cochran – Mantel – Haenszel’s row
mean score statistic due to low variability in the data while controlling for study days..
A natural log transformation was used for CK, SDH, AST, ALT, ALP, RBC, HGB, HCT,
MCV, MCH, MCHC, PLT, WBC, SEG, ABS SEG, LYMPH, ABS LYMPH, MONO, ABS
MONO, EOS, ABS EOS and CRP in an attempt to normalize the data. A number of the
parameters had outlying observations, which were investigated in terms of the impact they
had on the results. Outliers were defined by observations that were greater than 3 standard
deviations away from the means.
MCHC and PLT were analyzed using a non-parametric ANOVA since they were not
normally distributed.
Group variances were tested for homoscedasticity using the Brown and Forsythe test for
normally distributed data or the Ansari-Bradley test for non-normal data. Significant
departure from equality of variance was declared when P < 0.05 and the model modified to

9





correct the difference. Differences were observed between groups for hematology parameters,
as well as CRP. The model used took into account these differences.
For statistical analysis of body weight, clinical chemistry and hematology parameters and
CRP, if the model revealed statistical significance (p ≤ 0.05), Tukey-Kramer adjusted
comparisons were used to determine if pairwise group differences existed.
Kaplan-Meier (non-parametric maximum likelihood) method was used to estimate the
survival curves for the two groups. Survival was defined by the length of time the animal
remained in the study. An animal was removed from the study on the day it was euthanized
or found dead. The log-rank test was used to compare the survival curves between the two
groups. Fisher’s exact test was used to compare the types of diagnoses between groups.

5.0 RESULTS
The text of this section focuses mainly on parameters for which statistical and biological differences
between groups were found.
5.1 Electric Field Measurements
Daily induced voltage measurements on the enrichment tubes vs. the building ground were all 0 in the
grounded group, while in the ungrounded group, the daily measurements averaged 39.6 ± 18.1
mVAC (millivolts alternating current), with a range from 8.9-268.0 mVAC.
5.2 Mortality
As this was a study of long duration covering the average life span of a rat, attrition was an
expected feature of the study. As the study progressed, increasing numbers of animals died or
were euthanized with terminal conditions. Therefore, survival analysis of the mortality data was
undertaken. The study day on which the animal was either found dead or was euthanized was
used to represent the survival time. The statistician notes that caution should therefore be used in
the interpretation since euthanized animals would likely have survived beyond the time points at
which they were euthanized. Nevertheless, the criteria for euthanasia were the same for both
groups so the data are comparable.
The survival curves for the two groups over the course of the 618 days of study are shown in Figure
1. The two curves did not differ significantly (p=0.0632), although there was a tendency for
ungrounded animals to last in the study longer than grounded animals.
Interpretation: Electrical grounding did not result in significantly increased longevity of retired
breeder female Lewis rats, when compared with ungrounded animals.
5.3 Clinical Observations
The clinical observations present the first view of underlying pathologies as the animals progressed
through their lives, and gave the investigators clues that led to definitive diagnoses on necropsy. For
instance, masses were observed as they arose, grew, and reached sufficient size to trigger humane
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euthanasia. The location of the masses in for instance the mammary tissue or lymph nodes was
directly associated with the eventual diagnosis. Neurological signs such as head tilt, circling or ataxia
were signs of a central nervous system disorder, and invariably led to the finding of a pituitary mass.

Figure 1. Survival curves for Grounded (Group 1) and Ungrounded (Group 2) rats.

Interpretation: All of the clinical signs observed, in keeping with the findings of the veterinary
pathologist, could be associated with conditions seen regularly in aging rats. These are covered in Section
5.7.2. The one exception would be the hind foot lesions seen in grounded Rats numbers 8, 10, 11, 15, 20,
27, 43, 50, 52, and 55, which varied from mild redness through swelling, and ulceration of the pads.
These superficial and localized lesions were attributed to direct mechanical irritation from the wire
grounding pads that occurred despite the use of extra bedding and changes to softer bedding. It is unlikely
that these lesions would have affected any of the parameters measured in this study due to their localized
nature.
5.4 Body Weights
In the analysis of body weights, group (p=0.222) study day (p<0.0001), group by study day interaction
(p=0.0013) and the pre-dose weight covariate (p<0.0001) were all significant in the model. The
significance of the pre-dose weight covariate in the model implies a significant correlation between the
rodents’ pre-dose body weight and the rodents’ body weights during the course of the study. Group 1 had
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significantly lower body weights than Group 2 (p=0.0222; Table 5). Body weights significantly increased
over the course of the study up to study day 450. At this point, body weights on animals remaining in the
study were on a decreasing trend. For study days 29, 57, 85, 113, 141, 169, 197, 225, 253, 281, 337, 393,
561, and 618, Groups 1 and 2 did not differ significantly in terms of body weights (all p>0.05). Group 1
had significantly lower body weights than Group 2 for study days 450 (p=0.0049) and 506 (p=0.0465).
Sample sizes dropped off significantly from study day 450 on as animals were either found dead or were
euthanized.
Table 5. Summary Statistics for Body Weight (g) by Group and Study day

The body weights for both groups over time are plotted in Figure 2.
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Figure 2. Mean ± SD body weights for both groups over the course of the study.

Interpretation: There appeared to be no treatment effects of grounding on body weight during the
first 169 days. Overall, animals in both groups gained weight over time, as would be expected. The
trend toward decreasing body weight after study day 450 is difficult to interpret as at the same time,
sample sizes dropped off significantly as animals were either found dead or were euthanized. The
overall group differences and the data from study days 450 and 506 are consistent with electrical
grounding causing slightly lower growth rate in the study animals. There was a trend toward
divergence of the two groups over the course of the study. Therefore, the data are consistent with a
conclusion that electrical grounding slightly lowers body weight. The possible causes for this will be
discussed in context with the other significant group differences in the data in the conclusion section.
5.5 Hematology
MCH, MCHC, SEG, ABS SEG, LYMPH, and ABS LYMPH showed significant group differences
(Tables 6 and 7). Table 8 presents differences between groups for all hematology parameters on
Study Day 1.
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Table 6. Summary Statistics for Hematology Parameters by Group and Study Day.
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Table 6 continued…
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Table 6 continued…
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Table 6 continued…
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Table 6 continued…
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Table 6 continued…
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Table 7. Results of Statistical Analysis of Hematology Parameters.
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Table 7 continued…
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Table 8. Differences between groups for hematology parameters on Study Day 1

There were the following significant differences between groups in terms of hematology
parameters on Study Day 1:



LYMPH, ABS LYMPH and MCHC were significantly less in the grounded than in the
ungrounded group.
SEG and MCV were higher in the grounded than in the ungrounded group.

There were the following significant differences between groups in terms of hematology parameters
across study days (The effects of differences that appeared on Study Day 1 are remove in the
statistical analysis):
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LYMPH, MCHC (both less at the Study Day 169 milestone), and MCH were significantly less in
the grounded than in the ungrounded group.
SEG, ABS SEG (both greater at the Study Day 169 milestone), PLT (only higher on Study Day
113 at the Day 169 milestone) and ABS LYMPH (only at Study Day 506) were higher in the
grounded than in the ungrounded group. While MCV was also higher at Day 169, this
relationship did not hold for the duration of the study.

Graphs showing LYMPH (Figure 3), MCH (Figure 4), MCHC (Figure 5), SEG (Figure 6), ABS SEG
(Figure 7) and PLT (Figure 8) over the course of the study are found below.

Figure 3. Mean ± SD lymphocyte (LYMPH) counts over the course of the study.
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Figure 4. Mean ± SD mean corpuscular hemoglobin (MCH) levels over the course of the study.

Figure 5. Mean ± SD mean corpuscular hemoglobin concentration (MCHC) over the course of the
study.
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Figure 6. Mean ± SD segmented neutrophil (SEG) counts over the course of the study.

Figure 7. Mean ± SD absolute segmented neutrophil (ABS SEG) counts over the course of the study.
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Figure 8. Mean ± SD platelet (PLT) counts over the course of the study.
Interpretation: The differences observed between the groups are small and would normally be
interpreted as not clinically significant. Nevertheless, these differences should be noted because they
may be part of a treatment-related pattern that is not currently apparent. The ranges fall close to those
reported by Charles River Laboratories for their female CD rats of a similar age (see
http://www.criver.com/enUS/ProdServ/ByType/ResModOver/ResMod/Pages/CDRat.aspx?TabId=2&SearchTypeId=1&FirstFi
lter=ShowAll, Biochemistry and Hematology for Lewis Rat Colonies in North America for January
2008 – December 2011). Differences in strain, reference laboratory, location and time are sources of
potential differences between the study and reference data, however the reference data do provide a
general basis for comparison.
5.5 Clinical Chemistry
AST, ALP (also at Study Day 169), UREA (only at Study Day 169), CRE (also at Study Day 169),
GLOB (also at Study Day 169), AG RATIO, GLU (also at Study Day 169), TG (also at Study Day
169), TP (also at Study Day 169), K and CL had significant group differences (Table 9 and 10). Table
9 presents means and standard deviations (SD) for clinical chemistry parameters by group and study
day. Table 10 presents results of statistical tests comparing differences between groups while Table
11 presents differences between groups for all clinical chemistry parameters on Study Day 1.
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Table 9. Summary Statistics for Clinical Chemistry Parameters by Group and Study Day
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Table 9 continued…
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Table 9 continued…
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Table 9 continued…
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Table 9 continued…
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Table 9 continued…
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Table 10. Results of Statistical Analyses of Clinical Chemistry Parameters
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Table 10 continued…
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Table 11. Differences between groups for clinical chemistry parameters on Study Day 1

Up to Study Day 169, ALP, CRE, GLOB, GLU, TG, TP and UREA were the only clinical chemistry
parameters that showed significant group differences.
 In the grounded group, ALP, GLU, and TG were lower overall than in the ungrounded group.
 CRE, GLOB, TP, UREA were higher in the grounded group than in the ungrounded group.
Considering the entire duration of the study (616 days), ALP (also at Study Day 169), AST, CRE
(also at Study Day 169), GLOB (also at Study Day 169), AG Ratio, GLU (also at Study Day 169),
TG (also at Study Day 169), TP (also at Study Day 169), K and CL, were the only clinical chemistry
parameters that showed significant group differences over the course of the study (UREA was
significant only at Study Day 169) and:
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In the grounded group, ALP (also at Study Day 169), AG Ratio, GLU (also at Study Day 169),
TG (also at Study Day 169), and K were lower overall than in the ungrounded group.
AST, CRE (also at Study Day 169), GLOB (also at Study Day 169), and TP (also at Study Day
169) were higher in the grounded group than in the ungrounded group. At Study Day 169, UREA
was also higher.

In addition, the following statistically significant observations appeared by Study Day:




















ALP: In the ungrounded group, ALP was greater on Day 141 than on the other days.
CHOL: In the grounded group, CHOL was less on Day 141 than on Day 113.
GLOB: In the grounded group, GLOB was less on Day 29 than on Day 113, less on Day 57 than
on Day 85 or 113, and in the ungrounded group, less on Day 57 than on Day 85.
GLU: On Day 141, GLU was less in the grounded group than in the ungrounded group. In the
grounded group, GLU on Days 29, 57, 85, and 141 was greater than on Day 113. In the
ungrounded group, GLU on Days 29, 85, 113 and 169 was less than on Day 141 and on Day 57
was less than on Day 113.
NA: In the ungrounded group, NA was higher on Days 29 and 57 than on Days 85 or 169, and
was higher on Days 113 and 141 than on Day 169. NA was lower on Day 85 than on Days 113
and 141.
PHOS: In the grounded group, PHOS was greater on Days 29 and 57 than on Days 141 and 169.
In the ungrounded group, PHOS was greater on Day 113 than on Day 85 or Day 141 and HOS
was greater on Day 29 than on Day 141.
TBIL: On Day 29, TBIL was higher in the grounded group than in the ungrounded group. In the
ungrounded group, TBIL was less on Day 29 than on Days 1, 57, 85, 113, 141 or 169 but was
higher on Day 113 than on Day 141. In the grounded group, TBIL was less on Day 29 than on
Days 57 and 169.
TG: In the grounded group, TG was less on Day 29 than on Days 57, 141 and 169, less on Day 57
and Day 85 than on Day 169, and less on Day 113 than on Days 141 and 169. In the ungrounded
group, TG was less on Day 29 than on Days 57, 85, 113, 141, and 169, on Day 57 was less than
on Days 141 and 169, on Day 85 was less than on Days 57, 113, 141 and 169, and on Day 113
was less than on Days 141 and 169.
TP: In the ungrounded group, TP was less on Day 29 than on Day 85.
AG Ratio: The grounded group had lower AG Ratios than the ungrounded group on Days
o 337, 450, and 506.
GLOB: In the grounded group, GLOB was significantly higher than in the ungrounded group
o on Days 337, 450 and 506.
TG: In the grounded group, TG was less on Day 450.
UREA: The grounded group had higher UREA levels than the ungrounded group on Day 29.
CL: The grounded group had lower CL than the ungrounded group on Day 561.

Plots of ALP (Figure 9), AST (Figure 10), CRE (Figure 11), AG Ratio (Figure 12), CL (Figure
13), GLOB (Figure 14), GLU (Figure 15), K (Figure 16), TG (Figure 17), TP (Figure 18) and
UREA (Figure 19) over time are found below.
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Figure 9. Mean ± SD serum alkaline phosphatase (ALP) concentrations during the study.

Figure 10. Mean ± SD serum aspartate aminotransferase (AST) concentrations during the study.
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Figure 11. Mean ± SD serum creatinine concentrations over the course of the study.

Figure 12. Mean ± SD AG ratios over the course of the study.
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Figure 13. Mean ± SD serum chloride concentrations over the course of the study.

Figure 14. Mean ± SD serum globulin concentrations over the course of the study.
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Figure 15. Mean ± SD serum glucose concentrations over the course of the study.

Figure 16. Mean ± SD serum potassium concentrations over the course of the study.
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Figure 17. Mean ± SD serum triglyceride concentrations over the course of the study.

Figure 18. Mean ± SD total protein concentrations over the course of the study.
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Figure 19. Mean ± SD serum urea nitrogen concentrations over the course of the study.
Interpretation: Similarly to the situation with the hematology data, the differences observed between
the groups are small and would normally be interpreted as not clinically significant, especially since
they mostly lie within a range considered to be normal (see http://www.criver.com/enUS/ProdServ/ByType/ResModOver/ResMod/Pages/CDRat.aspx?TabId=2&SearchTypeId=1&FirstFi
lter=ShowAll, Clinical Laboratory Parameters for Crl:CD(SD) Rats - March 2006 Table 22:
Summary of Serum Chemistry Historical Control Data from Rats 48 – 65 Weeks of Age – Females,
and again, differences in strain, reference laboratory, location and time are sources of potential
differences between the study and reference data, so the reference data should be considered to
provide only a general basis for comparison). However, data with similar properties are often
encountered in large clinical trials when the investigators are considering risk factors rather than
outright pathology. Since earthing is hypothesized to cause small physiological changes that over
time might affect risk factors for diseases or syndromes, it may be helpful to consider statistically
significant differences in related parameters to determine if patterns are discernable that might lend
support to the hypothesis.
All of alkaline phosphatase, triglycerides and glucose were lower in the grounded group and this
relationship was evident for the duration of the study. All three parameters may be related to the
metabolic syndrome, where lower levels are associated in humans with less risk of the diseases
associated with the metabolic syndrome such as hypertension, dyslipidemia, obesity and Type 2
diabetes. Rat models of the metabolic syndrome, such as Wistar Ottawa Karlsburg W rat show much
larger differences from normals, and these differences progress over time (1).
Creatinine, produced upon breakdown of muscle cells, and filtered by the kidney, was higher in
the grounded group than in the ungrounded group, indicating slightly lower kidney function or
higher muscle turnover in the grounded group. Whereas the preliminary report at the 169 day

42

point of the study indicated that UREA also followed this pattern, overall for the entire study, this
relationship did not continue to hold excepting for on Study Day 29. The reason for this
difference is not known. Creatinine levels in both groups declined over the course of the study,
consistent with reduction of muscle mass with aging.
Globulin is one component of total protein, the other being albumin. Since albumin did not differ
significantly between the groups, the differences in total protein can be attributed entirely to
differences in globulin levels. The most important globulins are the immunoglobulins and since these
are found at higher levels in the presence of higher immune system activity, the presence of higher
levels of globulin in the grounded than in the ungrounded group contradict the hypothesis that
immune system activity is lower in the grounded state. Globulin levels, however, are not specific for
immune activity and other explanations for this observation may arise.
Some of the differences among parameters at various sampling times appear to be random, however
triglycerides increased then dropped off after study day 280 as the animals aged. Both groups were
similarly affected; therefore this is not a treatment-related affect, but rather a natural progression with
aging.
Other parameters showing significant differences at the end of the study but not at the 6-month
point include the electrolytes K and Cl and the liver enzyme AST. AST levels in the grounded
group slightly but significantly exceeded those in the ungrounded group. Although both group
means were in the normal range through the study, the grounded group appears to have had slightly
higher turnover of liver cells, leading to higher AST levels. For the electrolytes, CL appeared to be
affected mainly near the end of the study (specifically on Study Day 561), when group differences in
old age disease processes as the group numbers diminished to low levels may have caused the
differences observed in CL levels that were not discernable earlier in the study (see Figure 13). On
the other hand, K levels (Figure 16) were lower in the grounded group throughout the study, perhaps
reflecting grounding effects on internal cell dynamics.
5.6 Biomarkers
The three biomarkers initially measured included Tumor Necrosis Factor-α (TNFα), nitrate/nitrite
(NOx) and C-reactive protein (CRP). In the first 169 day stage of the project, there were no
significant differences between groups for NOx. The data were also variable and the decision was
made not to continue measurement of this parameter. Therefore, NOx results are reported here up to
day 169.
TNFα data are available only to Day 85. The company supplying the ELISA kits for this biomarker
changed midway through the analysis. The original kit became unavailable and its replacement
performed differently. Therefore, later results would not be comparable to those obtained with the
original kit. The clinical pathology department worked with the new supplier to resolve the issue;
however, the supplier was unable to furnish kits with suitable sensitivity for the analysis. All
samples analyzed with the new kit were below the limits of detection. Therefore, the new assay
method may have too low sensitivity and cannot properly measure the TNFα in the study
samples. A possible reason for the difference from the original assay may be that the original
assay may have lacked specificity and was giving a positive response for analytes other than
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TNFα. When this report was finalized, the supplier had not resolved this issue.
Table 12 presents means and standard deviations (SD) for all 3 biomarkers at each measurement day
up to Day 169 (Day 85 for TNFα). Table 13 presents statistical tests comparing differences between
groups up to Day 169 (Day 85 for TNFα) while Table 14 presents differences between groups for all
biomarker parameters on Study Day 1. Finally, Table 15 presents a summary of statistics for CRP
biomarker by group and study day all the way to the end of the study.
Table 12. Mean and SD of three biomarker parameters per group at each measurement day
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Table 13. Differences between groups for biomarker parameters across study days

Table 14. Differences between groups for biomarker parameters on Study Day 1
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Table 15. Summary Statistics for CRP Biomarker by Group and Study Day

As with the clinical chemistry values, up to study day 169 all three biomarkers showed differences
among study days, and the trends were for all three parameters to increase over time in both groups.
Neither NOx nor TNFα showed group differences, however CRP was lower in the grounded group
than in the ungrounded group overall, and specifically on Day 113.
Although at Study Day 169, CRP was significantly lower in the grounded group than in the
ungrounded group, by the end of the study, this relationship was reversed for the study and
overall, CRP was significantly higher in the grounded group (see Figure 20 below). The overall
trend in both treatment groups was for CRP to decrease over the course of the study from about
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400μg/mL at the beginning to around 200μg/mL at the end of the study. There were no
significant pairwise group differences on specific study days.
Interpretation: The observation at the 169 day point in the study that CRP was lower in the grounded
group was consistent with the clinical chemistry observations on alkaline phosphatase, triglycerides
and glucose; however, this relationship did not hold for the duration of the study and was in fact
reversed. Lower levels of all four parameters are associated with lower metabolic syndrome-related
risk in humans, and the CRP data are not in line with this relationship in the later stages of the study.
At the end of the study, however, the intergroup differences disappeared and the CRP levels became
almost identical. It is not possible to explain the higher CRP levels late in the study, as, confounding
the interpretation, a number of age-related systemic diseases that could have influenced CRP,
especially neoplasms, affected individual rats. It is important to note that the decreasing trend of CRP
concentrations overall may constitute evidence that inflammation was in general declined over the
course of this study as a natural consequence of aging, despite the use of the sensitive Lewis rat
strain.

Figure 20. Mean ± SD serum C-reactive protein concentrations over the course of the study.
5.7 Pathological Findings
5.7.1 Macroscopic Findings
Raw results for macroscopic finding on necropsy are found in Table 16 below. Given that the study
was carried out for the expected lifespan of the rats, especially near the expected end of the natural
lives of the animals, a variety of findings was encountered, mostly masses in various locations,
especially the mammary glands and pituitary region, but also, less commonly, masses in other
locations and skin lesions.

47

Table 16. Macroscopic Findings
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Table 16 continued…
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Table 16 continued…

5.7.2 Histopathological Findings and Diagnoses
Details of the histopathological findings can be provided upon request. The incidences of findings
were compared statistically between groups. In the statistical analysis, it was found that the
ungrounded group had a significantly higher diagnosed with renal cortical infarcts than the grounded
group. The groups did not differ significantly in terms of the proportion of any of the other diagnoses
(Table 17).
All of the findings with respect to the bone structure were reported to involve degenerative
changes rather than inflammation.
Interpretation: The pathologist noted that the duration of the study has resulted in the observation of
large numbers of lesions that are associated with aging in rats. There was no grounding-associated
pattern of lesions, although the grounded group had less alopecia and more renal cortical infarcts.
The clinical significance of these is not known, given the lack of other associated pathologies. In
short, grounding did not seem to greatly affect the type or frequency of age-associated lesions in
Lewis rats. In short, grounding did not seem to greatly affect the type or frequency of age-associated
lesions in Lewis rats.
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Table 17. Summary Statistics for Diagnoses by Group

CONCLUSION
At day 169, significant differences between grounded and ungrounded animals were seen in several
parameters. Some could be factors forming a pattern that may be related to metabolic syndrome (TG,
GLU, ALP, CRP), others to kidney function (CRE, UREA) and still others to factors affecting serum
proteins (TP, GLOB). Some parameters showed progressive changes over time (TG, CRP, NOx and
TNFα).
Over the entire duration of the study, although the group differences were small, two potentially
important patterns were observed. One may be related to a beneficial effect of grounding that could be
related to a benefit in metabolic syndrome (i.e. the lower levels of TG, GLU, ALP, CRP at Study Day 169
and body weight in the grounded group). The other may relate to immune responsiveness, as evidenced
by the slightly higher levels of GLOB and the related parameter TP as well as lower AG Ratio in the
grounded group.
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The clinical relevance of other intergroup differences is unclear, such as the grounded group’s slight
differences in blood cell counts and erythrocyte parameters, the grounded group’s higher CRE levels,
lower K levels in the grounded group that may be associated with intracellular effects of grounding, the
higher AST levels in the grounded group, indicating more hepatocyte turnover, all of which occurred
within the reported normal ranges for these parameters and none of which seemed to affect survival rates.
Further study of the effects of grounding under different experimental conditions may help elucidate the
relevance of our observations.
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