Introduction

There is increasing evidence of the reciprocal
relationship between the gut microbiome and host
physiological conditions.’

Previous research demonstrated consistent and
reproducible alterations in gut microbiota with
obesity and high-fat diets,?* prompting investigations
into the role of the microbiome in countering the
global obesity epidemic.

Observations from epidemioclogical reviews# illustrate
that cannabis users have lower body mass indexes
than non-users despite its reputation for increasing
appetite, provoking analysis of delta(9)-
tetrahydrocannabinol's (THC) potential weight
regulation effects via the endocannabinoid system.=¢

Purpose: We aimed to examine the paossible
relationship between gut microbiome changes and
THC-induced weight loss.

Methods

Obese mouse models were treated with oral THC
supplementation without changing their diet and
compared with controls (VEH).

In addition to measuring weight, fecal samples were
obtained at various timepoints, sequenced for
bacteria 16s rRNA content and analyzed using
QUME2.”

Alpha diversity was determined using pairwise
Shannon t-tests and beta diversity weighted Unifrac
utilizing PERMANOVA in QIIMEZ2.

Microbiome changes with THC and weight change
were assessed by employing linear mixed effects
(LME) in R.2

A LME statistical model was generated in R to predict
weight change from baseline based on bacterial
relative abundance. The model was tested by
estimating weight change from baseline based solely
on bacterial relative abundance in a different mouse
cohort that underwent the same experimental
procedure and comparing to actual weight change

using linear regression.
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Figure 1. Experimental design
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Figure 2. THC induces weight loss in obese mice in both sexes. In male mice, the THC-treated group lost an average of

17.8% of their body weight over the 15-day experimental duration compared with an average loss of 0.23% in controls

(p=0.00002). In female mice, the THC-treated group lost an average of 13.8% of their body weight compared with an

average gain of 2.9% of body weight in controls (p=0.00006). [95% C! iflustrated by grey shading]
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Alpha and beta diversity: Male and female mice have different baseline alpha diversity (Shannon, p=9.7e-5) and beta
diversity (Weighted Unifrac p=0.001) at baseline. In male mice, THC had significantly greater alpha diversity than VEH on
day 9 and 15 and different beta diversity on day 9 (p=0.011).
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Figure 3. LME models of bacterial taxonomic features in male mice. For each graph pair representing a bacterial
taxonomic feature, the top illustrates change in relative abundance from day=1 to day=15 separated by treatment and the
bottom displays weight change from baseline plotted against bacterial relative abundance. 8 bacterial taxonomic features
had both significantly greater change in relative abundance with THC versus VEH and were correlated with weight change.
Three of the bacterial features presented above were selected for an LME model to predict weight change.
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Figure 5. Testing 3-feature model on a new cohort.
The 3-feature model explained 39% of the variance in
weight change in the new cohort. Predicted vs. actual
weight change was statistically significant (p=1.43e-6)

Discussion

THC induces stark weight loss in obese mice.

In male mice, 1/3 of variation in weight change induced
by THC could be explained by the relative abundance of
just 3 bacterial taxonomic features impacted by THC.

We corroborated efficacy of the model by accurately
predicting weight change in a new male mice cohort.

Two of the features identified in the model have known

associations with weight loss:

« Ruminococcacae is associated with improved insulin
sensitivity and enhanced mitochondrial function due
to butyrate production. It is also decreased in high-fat
diets and obesity.

Rikenellaceae is associated with reduced visceral
adipose tissue and increased lipid metabolism.

Rickettsiales’ connection to weight loss is less clear, but
it was consistently higher in THC samples and strongly
correlated with weight loss.

Female mice proved harder to model with bacterial
relative abundance.

« The 3-feature model did not account for weight
change variation, but remarkably predicted weight
change accurately (R=0.66, R"2=0.44, p=7e-9).

Conclusions: Results indicate sex-specific gut
microbiome changes play a role in THC-induced weight
loss. Furthermore, we proved the concept of predicting
weight change with bacterial abundance models.
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