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Abstract — Though seemingly separate, the nervous system 
plays a major part in modulation of the immune system. 
The Vagus Nerve transmits signals throughout the human 
body to control essential bodily functions. A branch of the 
Vagus Nerve innervates the spleen, where acetylcholine, 
adrenaline, and noradrenaline modulate TNFɑ release, by 
targeting T-cells and macrophages. However, it has not 
been investigated how the release of these 
neurotransmitters affect B-cells, immune cells that secrete 
antibodies (IgG). B-cells and T-cells were isolated from WT-
Black 6 mice and treated with varying neurotransmitters to 
compare the effects. After treatment, the cells were stained 
and examined through flow cytometry to compare the 
percentage of T-cells, B-cells, and activated B-cells present 
in the population of lymphocytes. Our analysis indicated 
that epinephrine and norepinephrine increased B-cell 
activation, but more surprisingly they inhibited B-cell 
activation by IL-4.  

I. INTRODUCTION 

Inflammation is present in all diseases and is part of the 
natural human immune response. It can range from slight 
swelling to rampant systemic abnormalities¹, known as 
sepsis. Over 30 million patients per year are diagnosed with 
sepsis, and it is fatal for 20% of that population². Research 
into this possibly fatal disease could have multiple 
advantageous ramifications. Dr. Kevin Tracey and his 
laboratory defined the immune reflex³, and since its 
discovery, Dr. Tracey has spearheaded the development of an 
implantable stimulator on the Vagus Nerve. While this device 
has treated multiple immune diseases4, it is not suited for 
emergency use, which is where sepsis causes the most harm. 
Other studies have investigated B-cell activation by 
lipopolysaccharide and concanavalin A5 and the effects of 
catecholamines on the activation of B-cells. These findings 
suggested an augmented inhibitory response by the 
catecholamines when compared to the other agonists, 
however the catecholamines inhibited a non-human activator. 
β2-AR receptors, receptors for norepinephrine and 
epinephrine, are known to influence B-cell and T-cell 
activation6, however the relationship between these receptors 
and immunocyte activation has not been investigated in the 
spleen. Our study aims to bridge those gaps by investigating 
the effects of various neurotransmitters on immune cell 
activation and differentiation. The findings of this study are 
preliminary to clinical applications, however, there are some 
viable applications, such as a treatment for an overproduction 
of antibodies in an emergent situation as a short-term 
treatment. Excitatory neurotransmitters are expected to cause 
the greatest change in IgG secretion levels.  

II. METHODS 

 Spleens from Wildtype Black 6 mice were provided, and 
the splenocytes were isolated from RBCs and other cells. The 
cells were cultured in a media solution (See Appendix A). The 
cells were either plated directly or left to incubate for two 
days. After a two-day incubation period at 5% CO2 and 37℃, 
the B-cells and T-cells were separated from the macrophages 
and monocytes. Cells were then plated in a 96-well plate at 2 
X 105 cells per well. The cells were treated with concanavalin 

A (10µg/mL), acetylcholine (100µg/mL), histamine 
(100µg/mL), sodium valproate (100µg/mL), serotonin 
(100µg/mL), epinephrine (1 or 10µM) +/- IL-4 (10ng/mL), or 
norepinephrine (1 or 10uM) +/- IL-4. Each treatment had a 
column on the plate, in addition to an untreated column. The 
plates were then incubated for two days. After treatment, the 
supernatants were removed. The cells were treated with 
150µL of 2mM EDTA and 2% FBS in HBSS to remove them 
from the wells. Then the cells were re-suspended in 50 µL of 
1% BSA in PBS and collected in 2 mL microcentrifuge tubes. 
The cells were stained for CD3 (T-cells), CD19 (B-cells), F480 
(Macrophages), MHC II, CD11c (Monocytes), and CD169 
(Activated B-cells) (Stains can be found in Appendix B). 1 µL 
of each stain was combined together, and 6 µL of the stain 
solution was added to each sample, excluding the unstained 
control. The samples were analyzed on FlowJo, a flow 
cytometry analysis software. The graphs (See Appendix B) 
only depicted single lymphocytes. Any aggregated cells were 
excluded. CD3 expression was compared against CD19 and 
CD169 expression (only for epinephrine and norepinephrine 
trials). 
 

III. RESULTS 
 

Treatments Treatment 

Concentration  

+/- IL-4 CD 19++ % CD 19+ 
%* 

A. Unstained ---  -  .28% 

B. Untreated --- - 2.90% 63.3% 

C. --- + 9.26%  

     

D. Con A 10 ug/mL -  69.9% 

E. Acetylcholine 100 µM -  65.0% 

F. Histamine 100 µM -  61.4% 

G. Sodium Valproate 100 µM -  65.2% 

H. Serotonin 100 µM -  65.1% 

I. Epinephrine 1 µM - 3.51%  

J.   + 4.98%  

K.  10 µM - 2.73%  

L.   + 5.39%  

M. Norepinephrine 1 µM - 1.01%  

N.   + 3.70%  

O.  10 µM - 2.92%  

P.      

Q.   + 4.85%  

 
Figure 1: Table of Neurotransmitter Treatments – Rows E-H were 
completed in the first experimentation cycle. Rows I-Q were 
completed in the second experimentation cycle. The raw data that 
this table is constructed from can be found in Appendix B. *First 
trials did not specify for CD 19++ and only compared total B-cell 
populations 
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IV. CONCLUSION 

 
At the conclusion of the study, the results contradicted 

the original hypothesis, as excitatory neurotransmitters were 
not found to cause noticeable changes in IgG antibody 
production. It was also found that epinephrine and IL-4 have 
an agonist-antagonist relationship when focusing on B-cell 
activation and differentiation, which has been supported by: 
 

A. IL-4 caused a 219% increase in B-cell activation in 
untreated cells. 

B. Epinephrine 1 μM compared to untreated cells 
showed a 21% increase in B-cell activation, while 
epinephrine 1 μM+IL-4 compared to untreated 
cells+IL-4 demonstrated a 46% decrease in B-cell 
activation. 

C. Epinephrine 10 μM compared to untreated cells 
showed a 5.9% decrease in B-cell activation, while 
epinephrine 10 μM+IL-4 compared to untreated 
cells+IL-4 demonstrated a 42% decrease in B-cell 
activation. 

D. Norepinephrine 1 μM compared to untreated cells 
showed a 65% decrease in B-cell activation, while 
norepinephrine 1 μM+IL-4 compared to untreated 
cells+IL-4 demonstrated a 60% decrease in B-cell 
activation. 

1. Though there is a smaller decrease in B-cell 
activation, this statistic still demonstrates large 
decreases in B-cell activation when reading raw 
data. 

E. Norepinephrine 10 μM compared to untreated cells 
showed a .69% increase in B-cell activation, while 
norepinephrine 10 μM+IL-4 compared to untreated 
cells+IL-4 demonstrated a 47% decrease in B-cell 
activation.  

 
V. DISCUSSION 

 
       At the conclusion of the experimentation process, it was 
found that epinephrine and norepinephrine caused an 
inhibition of murine splenic cell activation and differentiation 
by IL-4. Surprisingly, no other neurotransmitter caused a 
noticeable positive or negative change in IgG levels. These 
findings refute the original hypothesis as not all excitatory 
neurotransmitters demonstrated a modulation in IgG levels. 
A possible explanation for this inhibition is allosteric 
inhibition. Catecholamines could potentially change the IL-4 
receptors on B-cells and T-cells. It is known that β₂-AR 
receptors affect T-helper cell 1 and 2 differentiation6. 
Therefore, there is a possibility for allosteric inhibition of IL-4 
on B-cell receptors. These findings support Dr. Tracey’s 
report of Vagus Nerve stimulation inhibiting TNFα 
production. Norepinephrine and epinephrine are vital aspects 
of the inflammatory reflex that is controlled by the Vagus 
Nerve. Therefore, the inhibition of IL-4, another cytokine, 
activation of B-cells follows the same principles of Dr. 
Tracey’s studies.  
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APPENDIX A- Cell Culture Media 
The media solution used during the splenocyte procurement process and 
the incubation period is comprised of the following:  

1. 1% Gibco Glutamax (glutamate supplement) 
2. 1% Gibco HEPES (buffer) 
 
3. 1% Gibco Non-Essential Amino Acids (amino acid supplement) 
4. 1% Gibco Penicillin-Streptomycin (antibiotics) 
5. .1% Gibco beta-mercaptoethanol (oxygen radical reducer) 
6. 10% Fetal Bovine Serum (growth factor) 
7. 85.9% Gibco RPMI Media 

 
APPENDIX B- Flow Cytometry Raw Data 

Note: All graphs show CD19 on the x-axis and CD3 on the y-axis. Stain names 
follow the indicated markers.  

 
 
 

 
 

             a. Untreated                 b. Epinephrine 1 µM         c. Epinephrine 10 µM	
Figure B1: Flow Cytometry- Epinephrine – IL-4 - CD19 (BV786) v. CD3 (PerCP-Cy5.5) 

a. Untreated + IL-4         b. Epinephrine 1 µM + IL-4     c. Epinephrine 10 µM + IL-
4	Figure B2: Flow Cytometry- Epinephrine + IL-4- CD19 (BV786) v. CD3 (PerCP-Cy5.5) 

a. Untreated               b. Norepinephrine 1 µM        c. Norepinephrine 10 µM	

Figure B3: Flow Cytometry- Norepinephrine – IL-4 - CD19 (BV786) v. CD3 (PerCP-Cy5.5) 

a. Untreated + IL-4       b. Norepinephrine 1 µM + IL-4   c. Norepinephrine 10 µM + IL-
4	

Figure B4: Flow Cytometry- Norepinephrine + IL-4- CD19 (BV786) v. CD3 (PerCP-Cy5.5) 


