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Abstract

Preeclampsia is a common pregnancy complication that leaves the affected individual to choose between preterm delivery or
risking death. These outcomes are far from ideal and the search for a better treatment is underway. Previous studies have
implicated whole flower commercial cannabis use as a risk factor for the development of preeclampsia as well as other partum
complications. However, commercial cannabis is high in A9-Tetrahydrocannabinol and other psychoactive cannabinoids and
low in cannabidiol. Therefore, it is imperative that the use of isolated CBD as a potential therapy is investigated. In this study
novel mouse models of preeclampsia will be utilized to demonstrate the effect of cannabidiol on expecting mothers who are
predisposed to preeclampsia. This will be demonstrated using B6D2F1 mice with placenta specific human transgene hsFLT1
to simulate preeclampsia. Cannabidiol will be introduced at different stages of gestation and symptoms of preeclampsia will be
measured through blood pressure, protein urine content, and fetal mortality rate. The group with mice receiving cannabidiol
prior to implantation are anticipated to show the lowest incidences of preeclampsia symptoms. With so many studies suggesting
cannabidiol as a treatment method for a variety of the most dangerous symptoms of preeclampsia, it may be possible that

cannabis will allow future mothers afflicted with Preeclampsia to bring their child to full-term.
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Introduction

Preeclampsia (PE) is a gestational condition
characterized by the onset of hypertension (>140 mmHg
systolic or >90 diastolic), proteinuria, and other vascular
dysfunctions [1]. The onset of seizures re-characterizes the
condition as the more severe eclampsia, which often results
in death from stroke [1]. PE affects 10% of pregnancies
worldwide and accounts for 42% of maternal deaths [2].
Children born after a pregnancy complicated by
preeclampsia have an average of 5% and as high as 23%
lower birth weight than those born after uncomplicated
pregnancies. Additionally, the risk of stillbirth is seven-fold
higher compared to normotensive pregnancies [3]. The
primary risk factors are advanced age, chronic hypertension,
and renal disease. A few potential treatments for the root
causes of preeclampsia are in preliminary stages, such as the
use of nanomedicine [4]. However, nanomedicine can be
expensive due to low current demand and lack of presence in
large pharmaceutical companies [5]. Presently there are only
treatments for the symptoms of preeclampsia. Magnesium
sulfate has been used as a seizure prophylaxis; this will
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prevent the negative impacts of maternal seizing on the fetus
[6]. However, this treatment has also been associated with
dangers including increased postpartum bleeding, increased
respiratory depression and decreased neuromuscular
transmission [6]. Therefore, birth is the only clinical
treatment currently available, which is less than ideal if
symptoms present early in pregnancy.

The best way to treat the root cause of preeclampsia is to
investigate the underlying mechanisms involved. The current
accepted mechanism for the development of PE begins with
the shallow invasion of trophoblast cells into the placenta.
Decidualization is a process involving the transformation of
maternal tissues into a decidua, responsible for producing
immune cells that assist in trophoblast implantation [7].
When an imbalance of these immune cells exists, the
implantation of the trophoblast may be too shallow. Shallow
implantation inhibits the proper formation of blood vessels,
called the spiral arteries, which if incorrectly formed will
ultimately become fibrous [8]. These fibrous spiral arteries
cause the fetal ischaemia that is responsible for an increased
pro-inflammatory cytokine response and immune imbalance.
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Chronic maternal inflammation caused by these cytokines
causes maternal endothelial damage. Tumor necrosis factor
alpha TNF-a release decreases nitric oxide synthesis, and in
turn increases vasoconstrictor synthesis, resulting in
hypertension [7]. Angiotensin Il autoantibody production
and reactive oxygen species generation additionally
contribute to the development of hypertension in PE [7].
The use of IV antihypertensives such as labetalol are
currently used to treat severe hypertension, however, use is
limited due to potential teratogenic effects [8].

Despite cannabis use showing lower birth weight, no
prolonged impairments to the child have been characterized.
This in part due to the limitations of observational studies
considering the confounding effects of co-consumption of
tobacco and alcohol making it difficult to identify outcomes
of exclusively cannabis use [9].

Although there is a negative association between
cannabis and pregnhancy, CBD may have therapeutic benefits
due to its downstream effects counteracting the negative
maternal symptoms of PE [10]. These effects include:
anti-inflammation, vasodilation/hypertension [10, 11]. The
increased stimulation of cannabinoid receptor type 1 (CB3)
was shown to result in improper trophoblast implantation and
could be a risk factor for PE [12]. THC is the primary agonist
of CB;, and causes inflammation, oxidative stress and
fibrosis when activated in vascular endothelial and smooth
muscle cells [13]. The anti-inflammatory properties of CBD
are seen through its activity as a partial agonist of the PPARy
receptor. PPARy ligands both inhibit pro-inflammatory
cytokines and increase anti-inflammatory cytokines [14].
In PE, placental ischemia generates an improper immune
response resulting in the increased release of pro-
inflammatory cytokines (TNF-a, IL-6 and IL-17). This leads
to chronic maternal inflammation. Normal, non-hypertensive
pregnancies involve an increase in innate immune cells in the
periphery and a decrease in inflammatory cells such as
dendritic cells and natural Killer cells [7]. By decreasing the
levels of cytokines, CBD may help prevent endothelial
damage that leads to hypertension.

Further, CBD decreases the effects of vasoconstriction
agents and enhances the effects of vasodilation agents [15].
One of the largest dangers to maternal health is the constriction
of blood vessels that leads to hypertension. CBD could
alleviate this potentially fatal symptom, allowing the mother
to carry the child to term safely. Can CBD be utilized as a
therapeutic treatment for PE by reducing the fatal symptoms
associated with the disease, allowing the mother to carry their
offspring to term?

Methods
The Animals

Two-month-old female B6D2F1 mice with placenta
specific human transgene hsFLT1 [16]. Mated with two-
month-old B6D2F1 male mice. Mice will we be kept in well
ventilated cages with 12-hour dark light cycles and have free
access to water and food [17].
Pre-Experimental Measurements

After 30 days, an enzyme linked immunosorbent assay
(ELISA) will be utilized to measure hsFLT1 quantity in each
mouse [18]. All mice negative for hsFLT1 expression will be
removed from the study without replacement. With the
recursive Extreme Studentized Deviate (ESD) outlier
detection procedure at ¢=0.05 any outliers in hsFLT
expression will be removed without replacement [19].
Exposure Groups

Approximately forty (n=40) adult female mice will be
placed into a negative and positive control, and five treatment
groups. The negative and positive controls will both have zero
exposure to CBD with the negative control containing the
hsFLT1 placental transgene and the positive control without
the transgene. Group 1 will begin CBD intake at the onset of
CBD symptoms until symptoms subside. Group 2 also begins
CBD intake at the onset of symptoms but will continue intake
through to the end of pregnancy. Group 3 will intake CBD
from impregnation to the end of pregnancy. Group 4 will and
5 will begin CBD 25-35 days prior to impregnation, group 4
will end intake prior to anticipated impregnation and group 5
will continue through to the end of pregnancy.
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Figure 1: Timeline representing the point during trial that each test group beings and ends the intake of CBD. Group 1 is
portrayed in purple, group 2 in red, group 3 in pink, group 4 in orange, and group 5 in blue. Where the CBD symbol appears
in the timeline this indicates when specific group begins CBD intake. The hexagons indicate when that specific group ceases

CBD intake along the timeline.
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Treatment Timeline

Treatment with CBD will begin in groups 4 and 5 at day
(-) 30 (D-30). Negative and positive controls as well as
groups 1-3 will consume a placebo pill D-30. All
consumption CBD or placebo will occur at 7 PM daily.

Blood pressure (BP) will be measured through the tail
cuff method at 7 AM daily, a measurement above 200 mmHg
systolic will be considered hypertensive and define the onset
of PE [20]. Mice will be monitored by video for seizures,
onset will be considered progression to eclampsia. On D-5
individuals from all groups will be caged with a male
counterpart. On D-5 group 3 stop placebo treatment and
begin CBD treatment. Group 4 will cease CBD consumption
and begin placebo and begin intake of CBD.

D 0 will be defined as the appearance of the vaginal plug
and mice will be removed from the male counterpart and
placed into separate cages. Mice that fail to become pregnant
will be excluded without replacement.

When the blood pressure of mice in groups 1 and 2
exceed 200 mmHg they will cease placebo intake and begin
CBD intake. Group 1 will cease resume placebo intake and
cease CBD intake when blood pressure is below 200 mmHg
systolic.

From D 15 to D 25 once the female mice give birth
they will be collected and each mouse placed in a
metabolic cage for 24-hours. Total protein urine will be
determined by the Bradford assay, and then protein
concentration will be multiplied by total urine volume to
determine 24-hr urine excretion [20]. Final BP
measurements of both the mothers and the pups will be
conducted 3-5 days following birth before cortical
development occurs [21]. Following procedures outlined
by the American Veterinary Medical Association
Guidelines for the Euthanasia of Animals, all the mice
will be sacrificed to assess the impacts of each of the
defined groups through histological studies [22].
Statistical Analysis

After data is collected, statistical significance will
be analysed using R. A post-hoc ANOVA f test will be
constructed using the means of total urine protein levels,
number of pre-eclamptic episodes and total number of cases
that progress to eclampsia to test the null hypothesis HO:
Ml=p2=p3=p4=p5=p6 against the alternate hypothesis
H1: Not all means are equal. A two sample T-test
comparing the percentage of pregnancies that result in
death of each test group against the negative control at 95%
confidence [19].

Results

We predict that the group receiving CBD at least from
impregnation all the way until the end of pregnancy will
show the lowest blood pressure and highest delivery success
rate. This is based on CBD being administered prior to
implantation so it can prevent improper trophoblast
implantation increasing the chances of no preeclampsia
onset. This would be seen in groups 3 and 5.
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Further, we predict groups that have CBD
administered once the preeclampsia symptom of high
blood pressure presents, will have reduced blood pressure.
However, it is possible these mice will still show
proteinuria post-partum, this effect likely seen higher in
group 1 rather than 2, as group 1 allows for the recurrence
of high blood pressure.

Lastly, we predict that group 4 will have high blood
pressure, high protein urine content, and high fetal
mortality. Results are likely to be similar to the control as
CBD may not stay in the system for very long. However,
if maintained in the system may aid in proper trophoblast
implantation.

Discussion

Results will be analysed per the statistical analysis
covered in the methodology. High blood pressure will
determine the onset of preeclampsia. Severity of symptoms
will be quantified with blood pressure, urine protein levels,
and fetal survival. Blood pressure, protein levels, and fetal
mortality rates significantly higher than positive control
mice and significantly similar to the negative control mice
will indicate unsuccessful treatment groups. Blood
pressure, protein levels, and fetal mortality rates
significantly lower than negative control mice and
significantly similar to the positive control mice will
indicate successful treatment groups.

Conclusions

Through publishing this protocol, we aim to broaden
the field of cannabis study as it pertains to incurable
conditions such as preeclampsia. The use of cannabidiol
as a therapy for preeclampsia could have a large impact
on obstetrics, potentially reducing maternal deaths by
close to half and decreasing the rate of preterm births.
Future directions would encompass finding ideal drug
doses for successful groups. Should these experiments
move forward onto human trials, some group test trials
investigated in this protocol may not be realistic for the
human experience. Since preeclampsia is an unpredictable
condition, and often has a sudden onset, the results from
the group receiving CBD at the onset of preeclampsia
until the end of pregnancy may be the most significant and
transferrable, especially until the effects of CBD during
pregnancy have yet to be fully elucidated.

List of Abbreviations

ANOVA: analysis of variance

BP: blood pressure

CB:: cannabinoid receptor type 1

CBD: Cannabidiol

ELISA: enzyme-linked immunosorbent assay
ESD: extreme studentized deviate

PE: preeclampsia

THC: A9-Tetrahydrocannabinol

TNF-a: tumor necrosis factor alpha
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