
Long-Term Stress and Concomitant Marijuana Smoke Exposure
Affect Physiology, Behavior and Adult Hippocampal Neurogenesis

FIGURE 2. We quantified
anxiety-related spontaneous
locomotor activity and self-
grooming in the open field
test.

Results of the open field
test revealed that
cannabis had a mild
anxiolytic effect but
markedly increased self-
grooming behavior.
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FIGURE 0. The experimental design and procedures.
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FIGURE 1. The effect of repeated stress and cannabis exposure on pulmonary functions. We did repetitive
whole body plethysmography measurements on freely moving animals. Results of the three-way ANOVA
(time × stress × cannabis treatment) showed a significant main effect of stress and significant time × stress
interaction for these parameters. Tukey’s multiple comparisons revealed further group differences: ∗P <
0.05, ∗∗P < 0.01, ∗∗∗P < 0.001 compared to the value of Week 0 of the same treatment group. #P <
0.05 versus the Control group at the same experimental week.
Cannabis smoke had no effect on pulmonary functions, whereas, stress delayed the
maturation of several lung functions.

FIGURE 3. Representative images
demonstrating BrdU-immunohistochemistry
labeling in the dentate gyrus of the animals
from the different treatment groups (A–D). (E)
Stress inhibited progenitor cell
proliferation in the dentate gyrus.
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Objective: The aim of our study was to mimic real life situations where young people
smoke cannabis regularly to relax from everyday stress. Therefore, we exposed
young adult male NMRI mice to daily stress and concomitant marijuana smoke for
two months and investigated the consequences of this long-term treatment on various
aspects of physiology, behavior and adult hippocampal neurogenesis.

Methods: We used a chronic stress paradigm, in which animals were restrained for
6-hours/day for 5-days a week. During the stress, mice were exposed to cannabis
smoke for 2 × 30 min/day. We burned 2 “joints” (2 × 0.8g) marijuana per occasion in
a whole body smoking chamber. Body weight gain was recorded daily. To investigate
the effect of chronic cannabis smoke exposure on pulmonary functions, we did
unrestrained, whole body plethysmography. Adult neurogenesis was quantified post
mortem in the hippocampal dentate gyrus. The proliferative activity of the precursor
cells was detected by the use of the exogenous marker 5-bromo-2’-deoxyuridine.
Treatment effects on immature neurons were studied by the quantification of
doublecortin-positive neurons.

RESULTS
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FIGURE 5. (C) In control mice, the majority of the
DCX+ immature neurons were located in the
subgranular zone (sgz) and a small percentage, i.e.,
<5% of the cells, migrated either to the granule cell
layer (gcl) or a few cells were found in the
hilus (D). (E) In the marijuana treated animals
>15% of the DCX+ cells were found in the granule
cell layer, hilus or occasionally in the molecular
layer. Two-way ANOVA (stress × cannabis
treatment) revealed a significant main effect of
stress (P < 0.05) and cannabis treatment (P <
0.001), and a significant interaction between the
factors (P < 0.05). Tukey’s post hoc test found
significant differences between the groups: ∗∗∗P <
0.001 versus Control; +++P < 0.001 versus the
Control + Cannabis treated group.
Marijuana smoke exposure had a
pronounced effect on the number,
migration and morphology of doublecortin-
positive immature neurons.

FIGURE 4. DCX-positive immature neurons in the dentate gyrus. Representative images
demonstrating DCX-immunohistochemistry staining in the dentate gyrus of animals from
the different treatment groups (A–D). Note that DCX-positive cells were often disarrayed
in the dentate gyrus of cannabis treated mice (C,D). Scale bar: 50 μm for all images.

The long-term marijuana smoke exposure had a negative influence on the
morphology and number of doublecortin- positive immature neurons. the
number of doublecortin-positive neurons was markedly decreased
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FIGURE 6. Long-term cannabis exposure alters
the morphology of DCX-positive neurons.
Representative images demonstrating DCX+
immature neurons with normal appearance in a
control animal (A) and cells with abnormal
morphology in cannabis treated mice (B–G). All
images were taken with the same magnification
(20× objective). The number of doublecortin-
positive neurons the appearance of the
immature neurons was often disarranged and
misaligned.

Conclusion: With this experimental design, we found that long-term exposure to cannabis
smoke had either no effect or pronounced negative impact on various health-related measures.
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