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1. Free-base nicotine exposure does not alter embryonic morality rates.

2. 50 μM and 100 μM nicotine significantly decreases jaw formation at both 72  
hpf and 96 hpf. 

3.  Nicotine may delay jaw development, rather than cause permanent 
malformations. 
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Figure 2: Nicotine-exposure Does Not Alter 
Spontaneous Mortality Rates at 24 hpf

Figure 2 : To examine the effects of nicotine on embryonic mortality rates, embryos were treated 
with various nicotine concentrations (0, 100 nM, 1 μM, 10 μM, 30 μM, 50 μM, 100 μM) 
beginning at 1 hpf and the number of dead embryos were quantified at 24 hpf. This data is 
represented as the percent of embryonic death at 24 hpf. Wild type control embryos displayed 
17.23%+/- 14.91, n ≥ 107. Although nicotine did not significantly alter mortality rates, there was 
a trend with the lower nicotine concentrations (100nM and 1μM) being more protective than 
higher concentrations (10-100 μM).  

15-25% of pregnant women smoke resulting in fetal risk for low birth-weight, 
preterm birth/mortality, and congenital malformations.  Nicotine, the main addictive 
component in tobacco, is a likely contributor to the adverse outcomes as many fetal 
tissues express nicotinic acetylcholine receptors (chrnas).  In various animal models 
fetal exposure to nicotine has resulted in alterations in size and behavior, but it 
remains unclear how specific chrnas subtypes function during development and 
how exposing the fetus to nicotine affects development.  Specifically, our laboratory 
is using zebrafish as a model system to study how nicotine effects gross 
morphological development. Preliminary data indicates that high nicotine exposure 
induces jaw malformation (Ackerman, unpublished). In contrast, previously 
published studies detail that 1-8 μM tartrate salt-based nicotine had no effect jaw 
development. New research recommendations suggest using liquid free-base-
nicotine instead of tartrate salt, thus we determined if liquid free- base nicotine alters 
jaw development. Zebrafish embryos (1 cell stage) were exposed to nicotine (100 
nM-100 μM) up to 96 hours and then assessed for whether or not a jaw was 
present.  The number of jaw-containing embryos was quantified and there was a 
statistically significant decrease in the number of embryos with a jaw in the 50 and 
100 μM nicotine-treated embryos relative to untreated wild-type controls at 72 hpf.  
At 96 hpf, there was a significant decrease in the 50 and 100 μM nicotine-treated 
embryos compared to controls.  This data suggests that jaw development may not 
be a true malformation, but a delay in development.  

B. Pure Liquid Nicotine 
Pharmacological Treatment 

Figure 2: Timeline of embryonic development labeled with critical points of physiological analysis after 
nicotine exposure. (A) Zebrafish embryos at the 1 cell stage were exposed to varying concentrations of 
liquid free-base nicotine (100 nM-100 μM) for up to 96 hours post fertilization (hpf). The nicotine was 
exchanged daily and the embryos were kept in an incubator set to 28.5 oC until the desired time point. 
Embryos were assessed for the mortality rates at 24 hpf and the presence of a jaw at the 72 and 96 
hour mark.(B)  Embryos were treated with low, medium, and high concentrations of nicotine.  A working 
stock of 1mM pure base liquid nicotine (ACROS Organics, L-nicotine) was created using 1.6 µL of pure 
liquid nicotine in 10 mL of fish system water obtained diluted to: low concentrations (100 nM and 1 µM), 
medium concentrations (10 and 30 µM), and high concentrations (50 and 100 µM. 

Figure 1:The work of the Massarsky Lab 
showed no effect on jaw development as 
assayed by Truncated Jaw following 
treatment with 0.8 and 1.6 μM tartrate salt 
nicotine. Typical bi-tartrate salt nicotine 
studies utilize much higher concentrations 
of nicotine (30μM). 

Methods:

Figure 4: Significant Decrease in Jaw 
Development with 50 µM and 100 μM Nicotine at 
96 hpf

Figure 3: Significant Decrease in Jaw Development 
with 50 μM and 100 μM Nicotine

Figure 3: To determine if nicotine-exposure effects jaw development, embryos were treated 
with various nicotine concentrations (0, 100 nM, 1 μM, 10 μM, 30 μM, 50 μM, 100 μM) and the 
number of embryos containing or lacking a jaw were quantified. The following data is 
represented as a percent of embryos containing a jaw. At 72 hpf, approximately 98% of the 
untreated control embryos showed full jaw development with a significant decrease in jaw 
development in both 50 μM (average of 0.00% +/- 0.0, p= 0.0010426) and 100 μM  (average of 
4.55% +/- 0.577, p=0.0013445) nicotine-exposed embryos. Significance was determined with 
the use of one-way ANOVA, Post Hoc Tukey and is signified on the graph with *. (N ≥ 32)

Figure 4: Embryos were treated with various nicotine concentrations (0, 100 nM, 1 μM, 10 μM, 
30 μM, 50 μM, 100 μM) and the number of embryos containing or lacking a jaw were 
quantified. The following data is represented as a percent of embryos containing a jaw. At 96 
hpf, approximately XX% of the untreated control embryos showed full jaw development with a 
significant decrease in jaw development in both 50 μM  (average of 53.85 % +/- 4.04, 
p=0.0010426) and 100 μM (average of 37.50 % +/- 3.46, p=0.0013445) nicotine-exposed 
embryos. Significance was determined with the use of one-way ANOVA, Post Hoc Tukey and is 
signified on the graph with *. (N ≥ 32)

A. Embryonic Development Timeline with Physiological Parameters
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