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(57) ABSTRACT 

A method of inhibiting the release of a proinflammatory 
cytokine in a cell is disclosed. The method comprises treating 
the cell with a cholinergic agonist. The method is useful in 
patients at risk for, or Suffering from, a condition mediated by 
an inflammatory cytokine cascade, for example endotoxic 
shock. The cholinergic agonist treatment can be effected by 
stimulation of an efferent vagus nerve fiber, or the entire 
vagus nerve. 
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INHIBITION OF INFLAMMATORY 
CYTOKINE PRODUCTION BY 

CHOLNERGICAGONSTS AND VAGUS 
NERVESTIMULATION 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. Ser. No. 
10/990,938, filed Nov. 17, 2004, which is a continuation-in 
part of U.S. Ser. No. 10/466,625 filed May 28, 2003, now U.S. 
Pat. No. 6,838,471; which is a continuation of U.S. Ser. No. 
09/855,446, filed May 15, 2001, now U.S. Pat. No. 6,610,713; 
which claims priority to Provisional Application No. 60/206, 
364 filed May 23, 2000, the disclosures of which are incor 
porated herein by reference into the present application. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention generally relates to methods 
of reducing inflammation. More specifically, the invention 
relates to methods for reducing inflammation caused by 
proinflammatory cytokines or an inflammatory cytokine cas 
cade. 
0004 2. Description of the Related Art 
0005 Vertebrates achieve internal homeostasis during 
infection or injury by balancing the activities of proinflam 
matory and anti-inflammatory pathways. However, in many 
disease conditions, this internal homeostasis becomes out of 
balance. For example, endotoxin (lipopolysaccharide, LPS) 
produced by all Gram-negative bacteria activates macroph 
ages to release cytokines that are potentially lethal (44; 10; 
47: 31). 
0006 Inflammation and other deleterious conditions 
(such as septic shock caused by endotoxin exposure) are often 
induced by proinflammatory cytokines, such as tumor necro 
sis factor (TNF; also known as TNFalpha. or cachectin), 
interleukin (IL)-1.alpha., IL-1.beta. IL-6, IL-8, IL-18, inter 
ferony, platelet-activating factor (PAF), macrophage migra 
tion inhibitory factor (MIF), and other compounds (42). Cer 
tain other compounds, for example high mobility group 
protein 1 (HGM-1), are induced during various conditions 
Such as sepsis and can also serve as proinflammatory cytok 
ines (57). These proinflammatory cytokines are produced by 
several different cell types, most importantly immune cells 
(for example monocytes, macrophages and neutrophils), but 
also non-immune cells such as fibroblasts, osteoblasts, 
smooth muscle cells, epithelial cells, and neurons (56). Proin 
flammatory cytokines contribute to various disorders, notably 
sepsis, through their release during an inflammatory cytokine 
cascade. 
0007 Inflammatory cytokine cascades contribute to del 
eterious characteristics, including inflammation and apopto 
sis (32), of numerous disorders. Included are disorders char 
acterized by both localized and systemic reactions, including, 
without limitation, diseases involving the gastrointestinal 
tract and associated tissues (such as appendicitis, peptic, gas 
tric and duodenal ulcers, peritonitis, pancreatitis, ulcerative, 
pseudomembranous, acute and ischemic colitis, diverticuli 
tis, epiglottitis, achalasia, cholangitis, coeliac disease, chole 
cystitis, hepatitis, Crohn's disease, enteritis, and Whipple's 
disease); systemic or local inflammatory diseases and condi 
tions (such as asthma, allergy, anaphylactic shock, immune 
complex disease, organ ischemia, reperfusion injury, organ 
necrosis, hay fever, sepsis, septicemia, endotoxic shock, 

Oct. 1, 2009 

cachexia, hyperpyrexia, eosinophilic granuloma, granuloma 
tosis, and sarcoidosis); diseases involving the urogential sys 
tem and associated tissues (such as septic abortion, epid 
idymitis, vaginitis, prostatitis and urethritis); diseases 
involving the respiratory system and associated tissues (such 
as bronchitis, emphysema, rhinitis, cystic fibrosis, adult res 
piratory distress syndrome, pneumonitis, pneumoultramicro 
scopicsilicovolcanoconiosis, alvealitis, bronchiolitis, phar 
yngitis, pleurisy, and sinusitis); diseases arising from 
infection by various viruses (such as influenza, respiratory 
syncytial virus, HIV, hepatitis B virus, hepatitis C virus and 
herpes), bacteria (such as disseminated bacteremia, Dengue 
fever), fungi (such as candidiasis) and protozoal and multi 
cellular parasites (such as malaria, filariasis, amebiasis, and 
hydatid cysts); dermatological diseases and conditions of the 
skin (Such as burns, dermatitis, dermatomyositis, Sunburn, 
urticaria warts, and wheals); diseases involving the cardio 
vascular system and associated tissues (such as Vasulitis, 
angiitis, endocarditis, arteritis, atherosclerosis, thrombophle 
bitis, pericarditis, myocarditis, myocardialischemia, conges 
tive heart failure, periarteritis nodosa, and rheumatic fever); 
diseases involving the central or peripheral nervous system 
and associated tissues (such as Alzheimer's disease, menin 
gitis, encephalitis, multiple Sclerosis, cerebral infarction, 
cerebral embolism, Guillame-Barre syndrome, neuritis, neu 
ralgia, spinal cord injury, paralysis, and uveitis); diseases of 
the bones, joints, muscles and connective tissues (such as the 
various arthritides and arthralgias, osteomyelitis, fasciitis, 
Paget’s disease, gout, periodontal disease, rheumatoid arthri 
tis, and synovitis); other autoimmune and inflammatory dis 
orders (such as myasthenia gravis, thryoiditis, systemic lupus 
erythematosus, Goodpasture's syndrome, Behcets's Syn 
drome, allograft rejection, graft-Versus-host disease, Type I 
diabetes, ankylosing spondylitis, Berger's disease, Type I 
diabetes, ankylosing spondylitis, Berger's disease, and 
Retier's syndrome); as well as various cancers, tumors and 
proliferative disorders (such as Hodgkins disease); and, in 
any case the inflammatory or immune host response to any 
primary disease (13:55:30; 20:33:25; 18:27:48:24; 7: 9:4: 
3: 12:8; 19:15:23; 22:49:34). 
0008 Mammals respond to inflammation caused by 
inflammatory cytokine cascades in part though central ner 
Vous system regulation. This response has been characterized 
in detail with respect to systemic humoral response mecha 
nisms during inflammatory responses to endotoxin (2:54:21; 
28). In one set of responses, afferent vagus nerve fibers are 
activated by endotoxin or cytokines, stimulating the release of 
humoral anti-inflammatory responses through glucocorticoid 
hormone release (51:41:39). Previous work elucidated a role 
for vagus nerve signaling as a critical component in the affer 
ent loop that modulates the adrenocorticotropin and fever 
responses to systemic endotoxemia and cytokinemia (14; 11; 
52: 35). However, comparatively little is known about the role 
of efferent neural pathways that can modulate inflammation. 
0009 Efferent vagus nerve signaling has been implicated 
in facilitating lymphocyte release from thymus via a nicotinic 
acetylcholine receptor response (1). Clinical studies have also 
indicated that nicotine administration can be effective for 
treating some cases of inflammatory bowel disease (17:36), 
and that proinflammatory cytokine levels are significantly 
decreased in the colonic mucosa of Smokers with inflamma 
tory bowel disease (40). However, none of these findings 
would suggest that cholinergic agonists can inhibit an inflam 
matory cytokine cascade, particularly those mediated by 
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macrophages. Also, there is no suggestion in the literature 
that efferent vagus nervestimulation is effective in inhibiting 
these cascades. 

SUMMARY OF THE INVENTION 

0010. Accordingly, the inventor has succeeded in discov 
ering that cholinergicagonists can inhibit the release of proin 
flammatory cytokines from a mammalian cell, either in vitro 
or in vivo. This inhibitory effect is useful for inhibiting 
inflammatory cytokine cascades that mediate many disease 
conditions. Furthermore, cholinergic agonist treatment in 
vivo can be effected to inhibit either local or systemic inflam 
matory cytokine cascades by stimulating efferent vagus 

WS. 

0011 Thus, one embodiment of the present invention is 
directed to a method of inhibiting the release of a proinflam 
matory cytokine from a mammalian cell. The method com 
prises treating the cell with a cholinergic agonist in an amount 
sufficient to decrease the amount of the proinflammatory 
cytokine that is released from the cell. In preferred embodi 
ments, the cell is a macrophage. Preferably, the proinflam 
matory cytokine is tumor necrosis factor (TNF), interleukin 
(L)-1.beta., IL-6, IL-18 or HMG-1, most preferably TNF. In 
preferred embodiments, the cholinergic agonist is acetylcho 
line, nicotine, muscarine, carbachol, galantamine, arecoline, 
cevimeline, or levamisole. In other preferred embodiments, 
the cell is in a patient Suffering from, or at risk for, a condition 
mediated by an inflammatory cytokine cascade, preferably 
appendicitis, peptic, gastric or duodenal ulcers, peritonitis, 
pancreatitis, ulcerative, pseudomembranous, acute or 
ischemic colitis, diverticulitis, epiglottitis, achalasia, cholan 
gitis, cholecystitis, hepatitis, Crohn's disease, enteritis, 
Whipple's disease, asthma, allergy, anaphylactic shock, 
immune complex disease, organischemia, reperfusion injury, 
organ necrosis, hay fever, sepsis, septicemia, endotoxic 
shock, cachexia, hyperpyrexia, eosinophilic granuloma, 
granulomatosis, sarcoidosis, septic abortion, epididymitis, 
vaginitis, prostatitis, urethritis, bronchitis, emphysema, rhini 
tis, cystic fibrosis, pneumonitis, pneumoultramicroscopicsili 
covolcanoconiosis, alvealitis, bronchiolitis, pharyngitis, 
pleurisy, sinusitis, influenza, respiratory syncytial virus 
infection, herpes infection, HIV infection, hepatitis B virus 
infection, hepatitis C virus infection, disseminated bacter 
emia, Dengue fever, candidiasis, malaria, filariasis, amebia 
sis, hydatid cysts, burns, dermatitis, dermatomyositis, Sun 
burn, urticaria, warts, wheals, Vasulitis, angiitis, endocarditis, 
arteritis, atherosclerosis, thrombophlebitis, pericarditis, 
myocarditis, myocardial ischemia, periarteritis nodosa, rheu 
matic fever, coeliac disease, congestive heart failure, adult 
respiratory distress syndrome, Alzheimer's disease, meningi 
tis, encephalitis, multiple Sclerosis, cerebral infarction, cere 
bral embolism, Guillame-Barre syndrome, neuritis, neural 
gia, spinal cord injury, paralysis, uveitis, arthritides, 
arthralgias, osteomyelitis, fasciitis, Paget's disease, gout, 
periodontal disease, rheumatoid arthritis, synovitis, myasthe 
nia gravis, thryoiditis, systemic lupus erythematosus, Good 
pasture's syndrome, Behcets's syndrome, allograft rejection, 
graft-Versus-host disease, Type I diabetes, ankylosing 
spondylitis, Berger's disease, Type I diabetes, ankylosing 
spondylitis, Berger's disease, Retier's syndrome, or 
Hodgkins disease. In more preferred embodiments, the con 
dition is appendicitis, peptic, gastric or duodenal ulcers, peri 
tonitis, pancreatitis, ulcerative, pseudomembranous, acute or 
ischemic colitis, hepatitis, Crohn's disease, asthma, allergy, 
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anaphylactic shock, organischemia, reperfusion injury, organ 
necrosis, hay fever, sepsis, septicemia, endotoxic shock, 
cachexia, septic abortion, disseminated bacteremia, burns, 
Alzheimer's disease, coeliac disease, congestive heart failure, 
adult respiratory distress syndrome, cerebral infarction, cere 
bral embolism, spinal cord injury, paralysis, allograft rejec 
tion or graft-Versus-host disease. In the most preferred 
embodiments, the condition is endotoxic shock. In some 
embodiments, the cholinergicagonist treatment is effected by 
stimulating efferent vagus nerve activity sufficient to inhibit 
the inflammatory cytokine cascade. Preferably, the efferent 
vagus nerve activity is stimulated electrically. The efferent 
vagus nerve can be stimulated without stimulating the affer 
ent vagus nerve. Vagus nerve ganglions or postganglionic 
neurons can also be stimulated. Additionally, peripheral tis 
Sues or organs that are served by the vagus nerve can also be 
stimulated directly. 
0012. The present invention is also directed to a method of 
inhibiting an inflammatory cytokine cascade in a patient. The 
method comprises treating the patient with a cholinergicago 
nist in an amount Sufficient to inhibit the inflammatory cytok 
ine cascade, wherein the patient is suffering from, or at risk 
for, a condition mediated by the inflammatory cytokine cas 
cade. The cholinergic agonist is preferably acetylcholine, 
nicotine, muscarine, carbachol, galantamine, arecoline, 
cevimeline, or levamisole, and the condition is preferably 
appendicitis, peptic, gastric or duodenal ulcers, peritonitis, 
pancreatitis, ulcerative, pseudomembranous, acute or 
ischemic colitis, diverticulitis, epiglottitis, achalasia, cholan 
gitis, cholecystitis, hepatitis, Crohn's disease, enteritis, 
Whipple's disease, asthma, allergy, anaphylactic shock, 
immune complex disease, organischemia, reperfusion injury, 
organ necrosis, hay fever, sepsis, septicemia, endotoxic 
shock, cachexia, hyperpyrexia, eosinophilic granuloma, 
granulomatosis, sarcoidosis, septic abortion, epididymitis, 
vaginitis, prostatitis, urethritis, bronchitis, emphysema, rhini 
tis, cystic fibrosis, pneumonitis, pneumoultramicroscopicsili 
covolcanoconiosis-, alvealitis, bronchiolitis, pharyngitis, 
pleurisy, sinusitis, influenza, respiratory syncytial virus 
infection, herpes infection, HIV infection, hepatitis B virus 
infection, hepatitis C virus infection, disseminated bacter 
emia, Dengue fever, candidiasis, malaria, filariasis, amebia 
sis, hydatid cysts, burns, dermatitis, dermatomyositis, Sun 
burn, urticaria, warts, wheals, Vasulitis, angiitis, endocarditis, 
arteritis, atherosclerosis, thrombophlebitis, pericarditis, 
myocarditis, myocardial ischemia, periarteritis nodosa, rheu 
matic fever, Alzheimer's disease, coeliac disease, congestive 
heart failure, adult respiratory distress syndrome, meningitis, 
encephalitis, multiple Sclerosis, cerebral infarction, cerebral 
embolism, Guillame-Barre syndrome, neuritis, neuralgia, 
spinal cord injury, paralysis, uveitis, arthritides, arthralgias, 
osteomyelitis, fasciitis, Paget's disease, gout, periodontal dis 
ease, rheumatoid arthritis, synovitis, myasthenia gravis, thry 
oiditis, Systemic lupus erythematosus, Goodpasture's Syn 
drome, Behcets's syndrome, allograft rejection, graft-Versus 
host disease, Type I diabetes, ankylosing spondylitis, 
Berger's disease, Type I diabetes, ankylosing spondylitis, 
Berger's disease, Retier's syndrome, or Hodgkins disease. In 
more preferred embodiments, the condition is appendicitis, 
peptic, gastric or duodenal ulcers, peritonitis, pancreatitis, 
ulcerative, pseudomembranous, acute or ischemic colitis, 
hepatitis, Crohn's disease, asthma, allergy, anaphylactic 
shock, organ ischemia, reperfusion injury, organ necrosis, 
hay fever, sepsis, septicemia, endotoxic shock, cachexia, sep 
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tic abortion, disseminated bacteremia, burns, Alzheimer's 
disease, coeliac disease, congestive heart failure, adult respi 
ratory distress syndrome, cerebral infarction, cerebral embo 
lism, spinal cord injury, paralysis, allograft rejection or graft 
versus-host disease. In the most preferred embodiments, the 
condition is endotoxic shock. The cholinergic agonist treat 
ment can be effected by Stimulating efferent vagus nerve 
activity, preferably electrically. 
0013. In additional embodiments, the present invention is 
directed to a method for treating a patient Suffering from, or at 
risk for, a condition mediated by an inflammatory cytokine 
cascade. The method comprises stimulating efferent vagus 
nerve activity of the patient sufficient to inhibit the inflam 
matory cytokine cascade. Preferred methods of stimulation 
and preferred conditions are as with the previously described 
methods. 
0014. In still other embodiments, the present invention is 
directed to a method for attenuation of a systemic inflamma 
tory response to endotoxin in a patient. The method com 
prises stimulating efferent vagus nerve activity of the patient 
Sufficient to inhibit an inflammatory cytokine cascade. 
0015 The present invention is additionally directed to a 
method for determining whether a compound is a cholinergic 
agonist. The method comprises determining whether the 
compound inhibits the release of a proinflammatory cytokine 
from a mammalian cell. In preferred embodiments the cell is 
a macrophage and the proinflammatory cytokine is TNF. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a graph summarizing experimental results 
showing that cholinergic agonists inhibit release of TNF from 
human macrophage cultures in a dose-dependent manner. 
Acetylcholine (ACh), muscarine, or nicotine was added to 
human macrophage cultures at the concentrations indicated, 
followed by LPS addition for 4 hours. TNF concentration was 
then determined. 
0017 FIG. 2 shows autoradiographs of TNF or GADPH 
mRNA from LPS-stimulated human macrophages treated 
with acetylcholine (ACh), nicotine (Nic) or muscarine (Mus), 
or no cholinergic agonist, which demonstrate that cholinergic 
agonists do not reduce LPS-stimulated TNF mRNA levels in 
macrophages. 
0018 FIG. 3 shows micrographs of human macrophages 
stained with TNF antibodies demonstrating the effect of LPS 
and/or acetylcholine (ACh) treatment on TNF presence in the 
cells. 
0019 FIG. 4 is a graph summarizing experimental results 
showing that alpha.-conotoxin (alpha.-CTX), but not atro 
pine (ATR), reverses the inhibitory effect of acetylcholine 
(ACh)-mediated inhibition of TNF in human macrophages. 
0020 FIG. 5 is a graph summarizing experimental results 
showing that acetylcholine inhibits IL-1.beta. release from 
human macrophages in a dose-dependent manner. 
0021 FIG. 6 is a graph summarizing experimental results 
showing that acetylcholine inhibits IL-6 release from human 
macrophages in a dose-dependent manner. 
0022 FIG. 7 is a graph summarizing experimental results 
showing that acetylcholine inhibits IL-18 release from human 
macrophages in a dose-dependent manner. 
0023 FIG. 8 is a graph summarizing experimental results 
showing that acetylcholine does not inhibit IL-10 release 
from human macrophages. 
0024 FIG. 9 is a graph summarizing experimental results 
showing that vagus nervestimulation (STIM) after Vagotomy 
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(VGX) causes a decrease in circulating levels of TNF during 
endotoxemia induced by LPS. 
0025 FIG.10 is a graph summarizing experimental results 
showing that vagus nervestimulation (STIM) after vagotomy 
(VGX) causes a decrease in levels of TNF in the liver during 
endotoxemia induced by LPS. 
0026 FIG.11 is a graph summarizing experimental results 
showing that vagus nervestimulation (STIM) after vagotomy 
(VGX) attenuates the development of hypotension (shock), 
as measured by mean arterial blood pressure (MABP), in rats 
exposed to lethal doses of endotoxin. 
0027 FIG. 12 is a graph summarizing experimental results 
showing that intact vagus nerve stimulation at 1 V and 5V 
attenuates the development of shock in rats exposed to lethal 
doses of endotoxin. 
0028 FIG. 13 is a graph summarizing experimental results 
showing that intact vagus nerve stimulation at 1 V and 5V 
causes an increase in heart rate in rats exposed to lethal doses 
of endotoxin. 
0029 FIG. 14 is a graph summarizing experimental results 
showing that intact left vagus nerve stimulation at 1 V stabi 
lized blood pressure more effectively than intact right vagus 
nerve stimulation, in rats exposed to lethal doses of endot 
OX1 

0030 FIG. 15 is a western blot and graph of experimental 
results showing that addition of nicotine to RAW264.7 mac 
rophage-like cells inhibits the production of HMG-1 by the 
cells. 
0031 FIG. 16 is a bar graph showing the percentage of 
TNF in the serum of mice injected with endotoxin and treated 
with mechanical stimulation of the vagus nerve compared 
with untreated controls. 
0032 FIG. 17 is a dose response curve for TNF suppres 
sion in mice injected with enodoxin. The y axis is the per 
centage of TNF in the serum relative to untreated control; and 
the X axis is the number of vagus nerve stimulations quanti 
fied by frequency and time. 

DETAILED DESCRIPTION OF THE INVENTION 

0033. The practice of the present invention will employ, 
unless otherwise indicated, conventional techniques of cell 
culture, molecular biology, microbiology, cell biology, and 
immunology, which are well within the skill of the art. Such 
techniques are fully explained in the literature. See, e.g., 
Sambrook et al., 1989, “Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory Press: Ausubel et 
al. (1995), “Short Protocols in Molecular Biology”, John 
Wiley and Sons: Methods in Enzymology (several volumes): 
Methods in Cell Biology (several volumes), and Methods in 
Molecular Biology (several volumes). 
0034. The present invention is based on the discovery that 
treatment of a proinflammatory cytokine-producing cell with 
a cholinergic agonist attenuates the release of proinflamma 
tory cytokines from that cell, and that this attenuation process 
can be utilized in treatments for disorders mediated by an 
inflammatory cytokine cascade (5-6). It has further been dis 
covered that stimulation of efferent vagus nerve fibers 
releases sufficient acetylcholine to stop a systemic inflamma 
tory cytokine cascade, as occurs in endotoxic shock (5), or a 
localized inflammatory cytokine cascade (6). The efferent 
vagus nerve stimulation can also inhibit a localized inflam 
matory cytokine cascade in tissues and organs that are served 
by efferent vagus nerve fibers. 
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0035. Accordingly, in some embodiments the present 
invention is directed to methods of inhibiting the release of a 
proinflammatory cytokine from a mammalian cell. The meth 
ods comprise treating the cell with a cholinergic agonist in an 
amount Sufficient to decrease the amount of the proinflam 
matory cytokine released from the cell. 
0036. As used herein, a cytokine is a soluble protein or 
peptide which is naturally produced by mammalian cells and 
which actin Vivo as humoral regulators at micro- to picomolar 
concentrations. Cytokines can, either under normal or patho 
logical conditions, modulate the functional activities of indi 
vidual cells and tissues. A proinflammatory cytokine is a 
cytokine that is capable of causing any of the following physi 
ological reactions associated with inflammation: Vasodiala 
tion, hyperemia, increased permeability of vessels with asso 
ciated edema, accumulation of granulocytes and 
mononuclear phagocytes, or deposition of fibrin. In some 
cases, the proinflammatory cytokine can also cause apopto 
sis, such as in chronic heart failure, where TNF has been 
shown to stimulate cardiomyocyte apoptosis (32: 45). Non 
limiting examples of proinflammatory cytokines are tumor 
necrosis factor (TNF), interleukin (L)-1.alpha., IL-1.beta. 
IL-6, IL-8, IL-18, interferongamma. HMG-1, platelet-acti 
Vating factor (PAF), and macrophage migration inhibitory 
factor (MIF). In preferred embodiments of the invention, the 
proinflammatory cytokine that is inhibited by cholinergic 
agonist treatment is TNF, an IL-1, IL-6 or IL-18, because 
these cytokines are produced by macrophages and mediate 
deleterious conditions for many important disorders, for 
example endotoxic shock, asthma, rheumatoid arthritis, 
inflammatory bile disease, heart failure, and allograft rejec 
tion. In most preferred embodiments, the proinflammatory 
cytokine is TNF. 
0037 Proinflammatory cytokines are to be distinguished 
from anti-inflammatory cytokines, such as IL-4, IL-10, and 
IL-13, which are not mediators of inflammation. In preferred 
embodiments, release of anti-inflammatory cytokines is not 
inhibited by cholinergic agonists. 
0038. In many instances, proinflammatory cytokines are 
produced in an inflammatory cytokine cascade, defined 
herein as an in Vivo release of at least one proinflammatory 
cytokine in a mammal, wherein the cytokine release affects a 
physiological condition of the mammal. Thus, an inflamma 
tory cytokine cascade is inhibited in embodiments of the 
invention where proinflammatory cytokine release causes a 
deleterious physiological condition. 
0039. Any mammalian cell that produces proinflamma 
tory cytokines are useful for the practice of the invention. 
Nonlimiting examples are monocytes, macrophages, neutro 
phils, epithelial cells, osteoblasts, fibroblasts, smooth muscle 
cells, and neurons. In preferred embodiments, the cell is a 
macrophage. 
0040 AS used herein, a cholinergic agonist is a compound 
that binds to cells expressing cholinergic receptor activity. 
The skilled artisan can determine whether any particular 
compound is a cholinergic agonist by any of several well 
known methods. 
0041. When referring to the effect of the cholinergicago 
nist on release of proinflammatory cytokines or an inflamma 
tory cytokine cascade, or the effect of vagus nervestimulation 
on an inflammatory cytokine cascade, the use of the terms 
“inhibit or “decrease' encompasses at least a small but mea 
Surable reduction in proinflammatory cytokine release. In 
preferred embodiments, the release of the proinflammatory 
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cytokine is inhibited by at least 20% over non-treated con 
trols; in more preferred embodiments, the inhibition is at least 
50%; in still more preferred embodiments, the inhibition is at 
least 70%, and in the most preferred embodiments, the inhi 
bition is at least 80%. Such reductions in proinflammatory 
cytokine release are capable of reducing the deleterious 
effects of an inflammatory cytokine cascade in in vivo 
embodiments. 

0042 Any cholinergicagonist, now known or later discov 
ered, would be expected to inhibit the release of proinflam 
matory cytokines from mammalian cells. In preferred 
embodiments, the cholinergic agonist is not otherwise toxic 
to the cell at useful concentrations. In more preferred embodi 
ments, the cholinergic agonist has been used therapeutically 
in vivo or is naturally produced by mammalian cells. Non 
limiting examples include acetylcholine, nicotine, muscar 
ine, carbachol, galantamine, arecoline, cevimeline, and 
levamisole. In most preferred in vitro embodiments, the cho 
linergic agonist is acetylcholine, nicotine, or muscarine. In in 
vivo embodiments, acetylcholine is not preferred because the 
compound would be expected to be inactivated very quickly 
due to the widespread occurrence of acetylcholinesterase in 
tissues. 

0043. The present invention is useful for studying cells in 
culture, for example studying the effect of inflammatory 
cytokine release on the biology of macrophages, or for testing 
compounds for cholinergic agonist activity. However, in vivo 
applications make up many of the preferred embodiments. In 
those embodiments, the cell is in a patient suffering from, or 
at risk for, a condition mediated by an inflammatory cytokine 
cascade. As used herein, a patient can be any mammal. How 
ever, in preferred embodiments, the patient is a human. 
0044) The treatment of any condition mediated by an 
inflammatory cytokine cascade is within the scope of the 
invention. In preferred embodiments, the condition is one 
where the inflammatory cytokine cascade is effected through 
release of proinflammatory cytokines from a macrophage. 
The condition can be one where the inflammatory cytokine 
cascade causes a systemic reaction, Such as with septic shock. 
Alternatively, the condition can be mediated by a localized 
inflammatory cytokine cascade, as in rheumatoid arthritis. 
Nonlimiting examples of conditions which can be usefully 
treated using the present invention include those conditions 
enumerated in the background section of this specification. 
Preferably, the condition is appendicitis, peptic, gastric or 
duodenal ulcers, peritonitis, pancreatitis, ulcerative, 
pseudomembranous, acute or ischemic colitis, diverticulitis, 
epiglottitis, achalasia, cholangitis, cholecystitis, hepatitis, 
Crohn's disease, enteritis, Whipple's disease, asthma, allergy, 
anaphylactic shock, immune complex disease, organ 
ischemia, reperfusion injury, organ necrosis, hay fever, sep 
sis, septicemia, endotoxic shock, cachexia, hyperpyrexia, 
eosinophilic granuloma, granulomatosis, sarcoidosis, septic 
abortion, epididymitis, vaginitis, prostatitis, urethritis, bron 
chitis, emphysema, rhinitis, cystic fibrosis, pneumonitis, 
pneumoultramicroscopicsilicovolcanoconiosis-, alvealitis, 
bronchiolitis, pharyngitis, pleurisy, sinusitis, influenza, res 
piratory syncytial virus, herpes, disseminated bacteremia, 
Dengue fever, candidiasis, malaria, filariasis, amebiasis, 
hydatid cysts, burns, dermatitis, dermatomyositis, Sunburn, 
urticaria, warts, wheals, vasulitis, angiitis, endocarditis, 
arteritis, atherosclerosis, thrombophlebitis, pericarditis, 
myocarditis, myocardial ischemia, periarteritis nodosa, rheu 
matic fever, Alzheimer's disease, coeliac disease, congestive 
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heart failure, adult respiratory distress syndrome, meningitis, 
encephalitis, multiple Sclerosis, cerebral infarction, cerebral 
embolism, Guillame-Barre syndrome, neuritis, neuralgia, 
spinal cord injury, paralysis, uveitis, arthritides, arthralgias, 
osteomyelitis, fasciitis, Paget’s disease, gout, periodontal dis 
ease, rheumatoid arthritis, synovitis, myasthenia gravis, thry 
oiditis, Systemic lupus erythematosus, Goodpasture's Syn 
drome, Behcets's syndrome, allograft rejection, graft-Versus 
host disease, Type I diabetes, ankylosing spondylitis, 
Berger's disease, Type I diabetes, ankylosing spondylitis, 
Berger's disease, Retier's syndrome, or Hodgkins disease. In 
more preferred embodiments, the condition is appendicitis, 
peptic, gastric or duodenal ulcers, peritonitis, pancreatitis, 
ulcerative, pseudomembranous, acute or ischemic colitis, 
hepatitis, Crohn's disease, asthma, allergy, anaphylactic 
shock, organ ischemia, reperfusion injury, organ necrosis, 
hay fever, sepsis, septicemia, endotoxic shock, cachexia, sep 
tic abortion, disseminated bacteremia, burns, Alzheimer's 
disease, coeliac disease, congestive heart failure, adult respi 
ratory distress syndrome, cerebral infarction, cerebral embo 
lism, spinal cord injury, paralysis, allograft rejection or graft 
versus-host disease. In the most preferred embodiments, the 
condition is endotoxic shock. 

0045. The route of administration of the cholinergicago 
nist depends on the condition to be treated. For example, 
intravenous injection may be preferred for treatment of a 
systemic disorder Such as septic shock, and oral administra 
tion may be preferred to treat a gastrointestinal disorder such 
as a gastric ulcer. The route of administration and the dosage 
of the cholinergic agonist to be administered can be deter 
mined by the skilled artisan without undue experimentation 
in conjunction with standard dose-response studies. Relevant 
circumstances to be considered in making those determina 
tions include the condition or conditions to be treated, the 
choice of composition to be administered, the age, weight, 
and response of the individual patient, and the severity of the 
patient's symptoms. Thus, depending on the condition, the 
cholinergic agonist can be administered orally, parenterally, 
intranasally, vaginally, rectally, lingually, Sublingually, 
bucally, intrabuccaly and transdermally to the patient. 
0046 Accordingly, cholinergic agonist compositions 
designed for oral, lingual, Sublingual, buccal and intrabuccal 
administration can be made without undue experimentation 
by means well known in the art, for example with an inert 
diluent or with an edible carrier. The compositions may be 
enclosed in gelatin capsules or compressed into tablets. For 
the purpose of oral therapeutic administration, the pharma 
ceutical compositions of the present invention may be incor 
porated with excipients and used in the form of tablets, tro 
ches, capsules, elixirs, Suspensions, syrups, wafers, chewing 
gums and the like. 
0047 Tablets, pills, capsules, troches and the like may also 
contain binders, recipients, disintegrating agent, lubricants, 
Sweetening agents, and flavoring agents. Some examples of 
binders include microcrystalline cellulose, gum tragacanth or 
gelatin. Examples of excipients include starch or lactose. 
Some examples of disintegrating agents include alginic acid, 
corn starch and the like. Examples of lubricants include mag 
nesium Stearate or potassium Stearate. An example of a 
glidant is colloidal silicon dioxide. Some examples of Sweet 
ening agents include Sucrose, saccharin and the like. 
Examples of flavoring agents include peppermint, methyl 
salicylate, orange flavoring and the like. Materials used in 

Oct. 1, 2009 

preparing these various compositions should be pharmaceu 
tically pure and nontoxic in the amounts used. 
0048 Cholinergic agonist compositions of the present 
invention can easily be administered parenterally such as for 
example, by intravenous, intramuscular, intrathecal or Subcu 
taneous injection. Parenteral administration can be accom 
plished by incorporating the cholinergic agonist composi 
tions of the present invention into a solution or Suspension. 
Such solutions or Suspensions may also include sterile dilu 
ents such as water for injection, saline Solution, fixed oils, 
polyethylene glycols, glycerine, propylene glycol or other 
synthetic solvents. Parenteral formulations may also include 
antibacterial agents such as for example, benzyl alcohol or 
methyl parabens, antioxidants such as for example, ascorbic 
acid or Sodium bisulfite and chelating agents such as EDTA. 
Buffers such as acetates, citrates orphosphates and agents for 
the adjustment oftonicity Such as sodium chloride or dextrose 
may also be added. The parenteral preparation can be 
enclosed in ampules, disposable Syringes or multiple dose 
vials made of glass or plastic. 
0049 Rectal administration includes administering the 
pharmaceutical compositions into the rectum or large intes 
tine. This can be accomplished using Suppositories or 
enemas. Suppository formulations can easily be made by 
methods known in the art. For example, Suppository formu 
lations can be prepared by heating glycerin to about 120. 
degree. C., dissolving the cholinergic agonist in the glycerin, 
mixing the heated glycerin after which purified water may be 
added, and pouring the hot mixture into a suppository mold. 
0050 Transdermal administration includes percutaneous 
absorption of the cholinergic agonist through the skin. Trans 
dermal formulations include patches (such as the well-known 
nicotine patch), ointments, creams, gels, salves and the like. 
0051. The present invention includes nasally administer 
ing to the mammal atherapeutically effective amount of the 
cholinergic agonist. As used herein, nasally administering or 
nasal administration includes administering the cholinergic 
agonist to the mucous membranes of the nasal passage or 
nasal cavity of the patient. As used herein, pharmaceutical 
compositions for nasal administration of a cholinergic ago 
nist include therapeutically effective amounts of the agonist 
prepared by well-known methods to be administered, for 
example, as a nasal spray, nasal drop, Suspension, gel, oint 
ment, cream or powder. Administration of the cholinergic 
agonist may also take place using a nasal tampon or nasal 
Sponge. 

0052. In accordance with the present invention, it has also 
been discovered that the cholinergic agonist can be adminis 
tered to the patient in the form of acetylcholine by stimulating 
efferent vagus nerve fibers. As is well known, efferent vagus 
nerve fibers secrete acetylcholine upon stimulation. Such 
stimulation releases sufficient acetylcholine to be effective in 
inhibiting a systemic inflammatory cytokine cascade as well 
as a localized inflammatory cytokine cascade in a tissue or 
organ that is served by efferent branches of the vagus nerve, 
including the pharynx, the larynx, the esophagus, the heart, 
the lungs, the stomach, the pancreas, the spleen, the kidneys, 
the adrenal glands, the Small and large intestine, the colon, 
and the liver. 
0053. The effect of vagus nervestimulation on the inhibi 
tion of inflammatory cytokine cascades is not necessarily 
limited to that caused by acetylcholine release. The scope of 
the invention also encompasses any other mechanism that is 
partly or wholly responsible for the inhibition of inflamma 
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tory cytokine cascades by vagus nerve stimulation. Nonlim 
iting examples include the release of serotonin agonists or 
stimulation of other neurotransmitters. 
0054 As used herein, the vagus nerve is used in its broad 
est sense, and includes any nerves that branch off from the 
main vagus nerve, as well as ganglions or postganglionic 
neurons that are connected to the vagus nerve. The vagus 
nerve is also known in the art as the parasympathetic nervous 
system and its branches, and the cholinergic nerve. 
0055. The efferent vagus nerve fibers can be stimulated by 
any means. Nonlimiting examples include: mechanical 
means such as a needle, ultrasound, or vibration. Mechanical 
stimulation can also be carried out by carotid massage, ocu 
locardiac reflex, dive reflex and Valsalva maneuver. Specific 
examples where an inflammatory response was reduce by 
mechanical Vagal nervestimulation are provided in Examples 
5 and 6. The efferent vagal nerve fibers can also be stimulate 
by electromagnetic radiation Such as infrared, visible or ultra 
violet light; heat, or any other energy source. In preferred 
embodiments, the vagus nerve is stimulated electrically, 
using for example a commercial vagus nervestimulator Such 
as the Cyberonics NCPRTM., or an electric probe. The effer 
ent vagus nerve can be stimulated by stimulating the entire 
vagus nerve (i.e., both the afferent and efferent nerves), or by 
isolating efferent nerves and stimulating them directly. The 
latter method can be accomplished by separating the afferent 
from the efferent fibers in an area of the nerve where both 
types of fibers are present. Alternatively, the efferent fiber is 
stimulated where no afferent fibers are present, for example 
close to the target organ served by the efferent fibers. The 
efferent fibers can also be stimulated by stimulating the target 
organ directly, e.g., electrically, thus stimulating the efferent 
fibers that serve that organ. In other embodiments, the gan 
glion or postganglionic neurons of the vagus nerve can be 
stimulated. The vagus nerve can also be cut and the distal end 
can be stimulated, thus only stimulating efferent vagus nerve 
fibers (see, e.g., Example 2). 
0056. The amount of stimulation useful to inhibit an 
inflammatory cytokine cascade can be determined by the 
skilled artisan without undue experimentation for any condi 
tion to be treated. To inhibit a systemic inflammatory cytokine 
cascade, as induced with endotoxin, constant Voltage stimuli 
of 1 to 5 V, at 2 ms and 1 Hz, for 10 min. before exposure and 
10 min. after exposure, will inhibit the systemic inflammatory 
cytokine cascade sufficiently to prevent death of the subject 
by endotoxic shock (see Examples 2 and 3). 
0057. In other embodiments, the invention is directed to 
methods of inhibiting an inflammatory cytokine cascade in a 
patient. The methods comprise treating the patient with a 
cholinergic agonist in an amount Sufficient to inhibit the 
inflammatory cytokine cascade. In preferred embodiments, 
the patient is suffering from, or at risk for, a condition medi 
ated by the inflammatory cytokine cascade. 
0058 Cholinergic agonists useful for these embodiments 
have been previously discussed and include acetylcholine, 
nicotine, muscarine, carbachol, galantamine, arecoline, 
cevimeline, and levamisole. Also as previously discussed, 
acetylcholine can be administered by stimulating efferent 
vagus nerve fibers. 
0059. In additional embodiments, the present invention is 
directed to a method for treating a patient Suffering from, or at 
risk for, a condition mediated by an inflammatory cytokine 
cascade. The method comprises stimulating efferent vagus 
nerve activity sufficient to inhibit the inflammatory cytokine 
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cascade. Methods for stimulating efferent vagus nerve fibers 
have been previously discussed. 
0060. The present invention is also directed to methods for 
determining whether a compound is a cholinergic agonist. 
The method comprises determining whether the compound 
inhibits the release of a proinflammatory cytokine from a 
mammalian cell. 
0061 For this method, the cell can be any cell that can be 
induced to produce a proinflammatory cytokine. In preferred 
embodiments, the cell is an immune cell, for example mac 
rophages, monocytes, or neutrophils. In the most preferred 
embodiments, the cell is a macrophage. 
0062. The proinflammatory cytokine to be measured for 
inhibition can be any proinflammatory cytokine that can be 
induced to be released from the cell. In preferred embodi 
ments, the cytokine is TNF. Evaluation of the inhibition of 
cytokine production can be by any means known, including 
quantitation of the cytokine (e.g., with ELISA), or by bioas 
say, (e.g. determining whether proinflammatory cytokine 
activity is reduced). 
0063 Preferred embodiments of the invention are 
described in the following examples. Other embodiments 
within the scope of the claims herein will be apparent to one 
skilled in the art from consideration of the specification or 
practice of the invention as disclosed herein. It is intended that 
the specification, together with the examples, be considered 
exemplary only, with the scope and spirit of the invention 
being indicated by the claims which follow the examples. 

Example 1 

Cholinergic Agonists Inhibit Release of Proinflam 
matory Cytokines from Macrophages 

1. Materials and Methods 

0064 Human macrophage cultures were prepared as fol 
lows. Buffy coats were collected from the blood of healthy 
individual donors to the Long Island Blood Bank Services 
(Melville, N.Y.). Primary blood mononuclear cells were iso 
lated by density-gradient centrifugation through Ficoll/Hy 
paque (Pharmacia, N.J.), Suspended (8.times. 10. Sup.6 cells/ 
ml) in RPMI 1640 medium supplemented with 10% heat 
inactivated human serum (Gemini Bio-Products, Inc., Cala 
basas, Calif.), and seeded in flasks (PRIMARIA: Beckton and 
Dickinson Labware, Franklin Lakes, N.J.). After incubation 
for 2 hours at 37.degree. C., adherent cells were washed 
extensively, treated briefly with 10 mM EDTA, detached, 
resuspended (10.sup.6 cells/ml) in RPMI medium (10% 
human serum), Supplemented with human macrophage 
colony stimulating factor (MCSF: Sigma Chemical Co., St. 
Louis, Mo.; 2 ng/ml), and seeded onto 24-well tissue culture 
plates (PRIMARIA; Falcon) (10.sup.6 cells/well). Cells were 
allowed to differentiate for 7 days in the presence of MCSF. 
On day 7 the cells were washed 3 times with 1..times. Dul 
becco's phosphate buffered saline (PBS, GibcoBRL, Life 
Technologies, Rockville, Md.), fresh medium devoid of 
MCSF was added, and experiments performed as indicated. 
0065 RNase protection assays were performed as fol 
lows. Total RNA was isolated from cultured cells by using 
TRIZol reagent (GIBCO BRL, Rockville, Md.) following the 
manufacturer's instructions, and electrophoresed on 1.2% 
agarose/17% formaldehyde gel for verification of the integ 
rity of the RNA samples. The RNase protection assay was 
conducted using a kit obtained from PharMingen (San Diego, 
Calif.). The anti-sense RNA probe set (hck-3) was labeled 
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with a-...sup.32P UTP (Sp. Act. 800 Ci/mmol, Amersham, 
Arlington Heights, Ill.) using T7 RNA polymerase. Molecu 
lar weight markers were prepared by using pBR-322 plasmid 
DNA digested with MSPI (New England Bio Labs, Beverly, 
Mass.) and end-labeled using a-...sup.32P docTP (Sp. Act. 
800 Ci/mmol, Amersham, Arlington Heights, Ill.) with Kle 
now enzyme (Strategene, La Jolla, Calif.). 
0066 TNF immunohistochemistry was performed as fol 
lows. Human macrophages were differentiated as described 
above, and grown on glass chamber slides (Nunc, Naperville, 
Ill.). Slides were incubated in a blocking solution (1% BSA, 
5% normal goat serum, 0.3% TritonX-100 in PBS) for 1 hour 
at room temperature and then incubated for 24 hours at 4.de 
gree. C. with a primary mouse anti-human TNF monoclonal 
antibody (Genzyme, Cambridge, Mass.) diluted 1:100 in PBS 
containing 0.3% Triton X-100, 0.1% BSA, and 3% normal 
goat serum. Washed sections were incubated for 2 hours with 
secondary biotinylated anti-mouse IgG (1:200, Vector Labo 
ratories, Inc., Burlingame, Calif.). The reaction product was 
visualized with 0.003% hydrogen peroxide and 0.05% 3,3'- 
diaminobenzidine tetrahydrochloride as a chromogen. Nega 
tive controls were incubated in the absence of primary anti 
bodies (not shown). Slides were analyzed on a light 
microscope (Olympus BX60, Japan) using a MetaMorth 
Imaging System (Universal Imaging Co., West Chester, Pa.). 

2. Results 

0067 Primary human macrophage cultures were estab 
lished by incubating human peripheral blood mononuclear 
cells in the presence of macrophage colony stimulating factor 
(MCSF: Sigma Chemical Co., St. Louis, Mo.). These cells 
were used in experiments to determine the effects of cholin 
ergic agonists on TNF levels in macrophage cultures condi 
tioned by exposure to LPS for 4 hours (FIG. 1). In those 
experiments, acetylcholine chloride (ACh; Sigma Chemical 
Co., St. Louis, Mo.) was added to human macrophage cul 
tures at the indicated concentrations (squares) in the presence 
of the acetylcholinesterase inhibitor pyridostigmine bromide 
(1 mM, Sigma Chemical Co., St. Louis, Mo.). Muscarine 
(triangles) and nicotine (circles) (Sigma Chemical Co., St. 
Louis, Mo.) were added in the concentrations indicated (FIG. 
1). LPS was added five minutes later (100 ng/ml), and con 
ditioned supernatants collected after 4 hours of stimulation 
for subsequent analysis by TNF enzyme-linked immunosor 
bent assay (ELISA). All the experimental conditions were 
performed in triplicate. Data from nine separate macrophage 
preparations are shown as Mean.---.SEM; n=9. 
0068. As shown in FIG. 1, acetylcholine, nicotine, and 
muscarine all inhibited TNF release in a dose dependent 
manner. Comparable inhibition of TNF release by acetylcho 
line was observed in macrophage culture media conditioned 
by exposure to LPS for 20 hours (not shown), indicating that 
the inhibitory effect of acetylcholine on TNF did not merely 
delay the onset of the TNF response. Inhibition of TNF was 
also observed in macrophage cultures treated with carbachol, 
a chemically distinct cholinergic agonist (not shown). 
0069. The molecular mechanism of TNF inhibition was 
investigated by measuring TNF mRNA levels in an RNase 
protection assay. In those experiments (FIG. 2), macrophages 
were incubated in the presence of ACh (100 .mu.M), musca 
rine (Mus, 100.mu.M), nicotine (Nic, 100mu.M) or medium 
alone for 5 minutes followed by 2 hour exposure to LPS (100 
ng/ml). ACh was added with pyridostigmine bromide (1 
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mM). Control wells were incubated with medium alone for 2 
hours. Expression of the GAPDH gene product was measured 
to control for mRNA loading. 
(0070 TNF mRNA levels in acetylcholine-treated, LPS 
stimulated macrophages did not decrease as compared to 
vehicle-treated, LPS-stimulated macrophages, even when 
acetylcholine was added in concentrations that inhibited TNF 
protein release (FIG. 2). This indicates that acetylcholine 
Suppresses TNF release through a post-transcriptional 
mechanism. 
0071. To determine whether acetylcholine inhibited mac 
rophage TNF synthesis or macrophage TNF release, mono 
clonal anti-TNF antibodies were used to label cell-associated 
TNF in human macrophage cultures. In those experiments 
(FIG. 3), cells were exposed to either ACh (100 .mu.M), 
either alone or in the presence of pyridostigmine bromide (1 
mM), five minutes before LPS (100 ng/ml) treatment. Two 
hours later the cells were fixed in buffered 10% formalin and 
Subjected to immunocytochemical analysis using primary 
mouse anti-hTNF monoclonal antibodies as described in 
Materials and Methods. 
0072 Those experiments established that acetylcholine 
significantly attenuated the appearance of LPS-stimulated 
TNF immunoreactivity in macrophages (FIG.3). Considered 
together, these results indicate that the inhibitory effect of 
acetylcholine on human macrophage TNF production occurs 
through the post-transcriptional suppression of TNF protein 
synthesis, or possibly through an increased rate of degrada 
tion of intracellular TNF (FIG. 3). 
(0073 Previous work indicated that peripheral blood 
mononuclear cells express nicotinic and muscarinic acetyl 
choline receptors (37-38; 53). To define pharmacologically 
the type of macrophage cholinergic receptor activities 
involved in modulating the TNF response, the results in FIG. 
1 were further analyzed. Nicotine significantly inhibited TNF 
release in a dose-dependent manner, the effective concentra 
tion of nicotine that inhibited 50% of the TNF response (E.C. 
sub.50) was estimated to be 8.3.---.7.1 nM (n=9). This E.C. 
sub.50 for nicotine compared favorably with the E.C. sub.50 
for acetylcholine-mediated inhibition of TNF (acetylcholine 
E.C. sub.50=20.2.+-.8.7 nM, n=9). Muscarine also signifi 
cantly inhibited TNF release, although it was a much less 
effective inhibitor of macrophage TNF as compared to either 
acetylcholine or nicotine (muscarine E.C. sub.50=42.4.--- 
18.6 mM, n=9; P-0.01 vs. nicotine or acetylcholine). 
(0074) To establish whether acetylcholine inhibited TNF 
primarily through the activity of nicotinic or muscarinic ace 
tylcholine receptors, the specific muscarinic antagonist, atro 
pine, was added to LPS-stimulated macrophage cultures that 
were co-treated with acetylcholine (FIG. 4). I also addressed 
whether the nicotinic acetylcholine receptor activity that 
mediated inhibition of TNF was a-bungarotoxin-sensitive or 
a-bungarotoxin-insensitive (FIG. 4). Conditions for mac 
rophage culture and TNF assays were as previously 
described. Atropine (striped bars) (1 mM, Sigma Chemical 
Co., St. Louis, Mo.) or alpha.-conotoxin (black bars) (0.1, 
0.01 mM: Oncogene Research Products, Cambridge, Mass.) 
were added to macrophage cultures 5 minutes prior to acetyl 
choline (10 mu.M) and LPS (100 ng/ml). Data shown are 
Mean.+-SEM of 3 separate experiments using different 
macrophages prepared from separate donors. 
0075 Addition of atropine, even in concentrations as high 
as 1 mM, failed to restore TNF release in acetylcholine 
treated macrophage cultures (FIG. 4). Note that Acetylcho 
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line inhibited TNF release by 80%, but this was not reversed 
by atropine. However, addition of alpha.-conotoxin to ace 
tylcholine-treated LPS-stimulated macrophage cultures sig 
nificantly reversed the inhibitory effect of acetylcholine in a 
dose dependent manner (FIG. 4). (*P-0.005 vs. ACh; *P<0. 
05 vs. ACh). Neither atropine nor alpha.-conotoxin altered 
TNF production in vehicle-treated cultures (not shown). Con 
sidered together, these data provide evidence that the inhibi 
tory effect of acetylcholine on the LPS-induced TNF 
response in human macrophage cultures is mediated prima 
rily by alpha.-bungarotoxin-sensitive, nicotinic acetylcho 
line receptors. Acetylcholine levels in mammalian tissues can 
reach the millimolar range (50); however so, it is possible that 
both the nicotinic and muscarinic macrophage acetylcholine 
receptor activities described here participate in the inhibition 
of macrophage TNF synthesis in vivo. 
0076. To assess specificity, the release of other macroph 
age-derived cytokines was measured in LPS-stimulated mac 
rophage cultures treated with acetylcholine. In those experi 
ments, human macrophage cultures were incubated with ACh 
at the indicated concentrations in the presence of pyridostig 
mine bromide (1 mM) and LPS (100 ng/ml) for 20 hours. 
IL-1.beta. (FIG. 5), IL-6 (FIG. 6) and IL-10 (FIG. 8) levels 
were measured in media using commercially available 
ELISA kits (R&D Systems Inc., Minneapolis, Minn.). IL-18 
(FIG. 7) levels were determined by specific ELISA (Medical 
& Biological Laboratories Co., Ltd., Nagoya, Japan). Each 
sample was analyzed in triplicate. Data are expressed as 
Mean.---.SEM from 4 separate experiments using macroph 
ages prepared from 4 separate healthy donors. These experi 
ments established that acetylcholine dose-dependently inhib 
its the release of other LPS-inducible cytokines (IL-1.beta. 
IL-6 and IL-18, FIGS. 5, 6, and 7, respectively), but does not 
prevent the constitutive release of the anti-inflammatory 
cytokine IL-10 (FIG. 8). Thus, acetylcholine specifically 
inhibits release of pro-inflammatory cytokines (FIGS. 5-7) by 
LPS-stimulated human macrophage cultures, but does not 
Suppress release of the anti-inflammatory cytokine IL-10 
(FIG. 8). Staining with tetrazolium salt MTT (3-(4,5-dimeth 
ylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide, Sigma 
Chemical Co., St. Louis, Mo.), and Trypan blue exclusion of 
macrophage cultures treated with LPS and acetylcholine indi 
cated that specific LPS-inducible cytokine inhibition was not 
due to cytotoxicity (not shown). 
0077. The molecular mechanism of acetylcholine inhibi 
tion of IL-1.beta. and IL-6 was investigated further by mea 
suring gene-specific mRNA levels with biotin-labeled cap 
ture oligonucleotide probes in a calorimetric microplate assay 
(Quantikine mRNA, R&D Systems, Inc., Minneapolis, 
Minn.).Stimulation of human macrophage cultures with LPS 
for 2 hours significantly increased the mRNA levels of L-1. 
beta. as compared to vehicle-treated controls (vehicle-treated 
IL-1.beta. mRNA-120.---.54 attomole/ml vs. LPS-stimu 
lated IL-1.beta. mRNA=1974.---.179 attomole/ml;n=3; P-0. 
01). Addition of acetylcholine in concentrations (100 nM) 
that significantly inhibited IL-1.beta. protein release did not 
significantly alter macrophage IL-1.beta. mRNA levels (ace 
tylcholine-treated LPS-stimulated IL-1.beta. 
mRNA-2128.+-.65 attomole/ml; n=3). Similarly, LPS 
stimulated IL-6 mRNA levels in macrophages were not sig 
nificantly altered by acetylcholine concentrations that signifi 
cantly inhibited IL-6 protein (LPS-stimulated IL-6 
mRNA=1716.---. 157 attomole/ml vs. acetylcholine-treated 
LPS-stimulated IL-6 mRNA=1872.+-.91 attomole/ml; n=3). 
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Together, these observations give evidence that acetylcholine 
post-transcriptionally inhibits the LPS-stimulated release of 
TNF, IL-1.beta. and IL-6 in macrophages. 
0078. The present results indicate that differentiated 
human macrophage cultures are extremely sensitive to ace 
tylcholine and nicotine. Previous reports of cholinergic 
receptor activity in human peripheral blood mononuclear 
cells that were not differentiated into macrophages (53; 29: 
46) suggested that maximal cholinergic responses required 
micromolar concentrations of cholinergic agonists. Our Own 
studies establish that significantly higher concentrations of 
acetylcholine are required to suppress cytokine synthesis in 
differentiated human macrophages (acetylcholine E.C. Sub. 
50 for inhibiting TNF=0.8.+-.0.2 mM, n=3). The pharmaco 
logical results now implicate an alpha.-bungarotoxin-sensi 
tive, nicotinic acetylcholine receptor activity that can 
modulate the macrophage cytokine response. This type of 
cholinergic receptor activity is similar to that previously 
described in peripheral blood mononuclear cells (53), except 
that macrophages are significantly more sensitive to cholin 
ergic agonists as compared to peripheral blood mononuclear 
cells. The skilled artisan would not necessarily have expected 
macrophages to be so sensitive to cholinergic agonists, or 
even have any sensitivity at all, given what was previously 
known with mononuclear cells. Indeed, recent evidence in 
our lab has revealed nicotinic receptor Subunit expression 
patterns in macrophages that are distinct from monocytes. 
Therefore, the skilled artisan would understand that molecu 
lar differences underlie the greater sensitivity to cholinergic 
agonists of macrophages over monocytes. 

Example 2 

Inhibition of Endotoxic Shock by Stimulation of 
Efferent Vagus Nerve Fibers 

0079. To determine whether direct stimulation of efferent 
vagus nerve activity might Suppress the systemic inflamma 
tory response to endotoxin, adult male Lewis rats were Sub 
jected to bilateral cervical vagotomy, or a comparable sham 
Surgical procedure in which the vagus nerve was isolated but 
not transected. Efferent vagus nerve activity was stimulated 
in vagotomized rats by application of constant Voltage stimuli 
to the distal end of the divided vagus nerve 10 min before and 
again 10 min after the administration of a lethal LPS dose (15 
mg/kg, i.v.). An animal model of endotoxic shock was utilized 
in these experiments. Adult male Lewis rats (280-300 g, 
Charles River Laboratories, Wilmington, Mass.) were housed 
at 22.degree. C. on a 12h light/dark cycle. All animal experi 
ments were performed in accordance with the National Insti 
tute of Health Guidelines under the protocols approved by the 
Institutional Animal Care and Use Committee of North Shore 
University Hospital/New York University School of Medi 
cine. Rats were anesthetized with urethane (1 g/kg, intraperi 
toneally), and the trachea, the common carotid artery, and the 
jugular vein were cannulated with polyethylene tubing (Clay 
Adams, Parsippany, N.J.). The catheter implanted into the 
right common carotid artery was connected to a blood pres 
sure transducer and an Acquisition System (MP100, BIOPAC 
Systems, Inc., Santa Barbara, Calif.) for continuous registra 
tion of mean arterial blood pressure (MABP in FIG. 9). Ani 
mals were subjected to bilateral cervical vagotomy (VGX, 
n=7) alone or with electrical stimulation (VGX-STIM, n=7) 
or sham Surgery (SHAM, n=7). In vagotomized animals, 
following a ventral cervical midline incision, both vagus 
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trunks were exposed, ligated with a 4-0 silk Suture, and 
divided. In sham-operated animals both vagal trunks were 
exposed and isolated from the Surrounding tissue but not 
transected. Electrical stimulation of the vagus nerve was per 
formed in animals previously subjected to vagotomy. In these 
groups, the distal end of right vagus nerve trunk was placed 
across bipolar platinum electrodes (Plastics One Inc., 
Roanoke, Va.) connected to a stimulation module 
(STM100A, Harvard Apparatus, Inc., Holliston, Miss.) as 
controlled by an Acquisition System (MP100, BIOPAC Sys 
tems, Inc., Santa Barbara, Calif.). Constant voltage stimuli (5 
V, 2 ms, 1 Hz) were applied to the nerve for 20 min (10 min 
before LPS administration and 10 min after). Lipopolysac 
charide (Escherichia coli 01 11::B4; Sigma Chemical Co., St. 
Louis, Mo.; 10 mg/ml in saline) was sonicated for 30 minutes, 
and administered at a lethal dose (15 mg/kg, iv.). Blood was 
collected from the right carotidartery 1 hour after LPS admin 
istration. Serum TNF levels were quantified by the L929 
bioactivity assay. To determine liver TNF levels, animals 
were euthanized and livers rapidly excised, rinsed of blood, 
homogenized by polytron (Brinkman, Westbury, N.Y.) in 
homogenization buffer (PBS, containing 0.05% sodium 
azide, 0.5% Triton X-100 and a protease inhibitor cocktail (2 
tablets/10 ml PBS, Boehringer Mannheim, Germany); pH 
7.2; 4.degree. C.), and then sonicated for 10 minutes. Homo 
genates were centrifuged at 12,000 g for 10 minutes, and TNF 
levels in supernatants determined by ELISA (Biosource 
International, Camarillo, Calif.). Protein concentrations in 
the Supernatants were measured by the Bio-Rad protein assay 
(Bio-Rad Lab., Hercules, Calif.), and liver TNF content nor 
malized by the amount of protein in the sample. Blood 
samples were collected 1 hour after LPS and TNF was mea 
sured by L929 assay.-P-0.05, **-P-0.005 vs. SHAM+LPS, 
H.-P.O.05 VSVGX-LPS. 

0080. As shown in FIG. 9, the results establish that elec 
trical stimulation of the efferent vagus nerve significantly 
attenuates peak serum TNF levels; vagotomy without electri 
cal stimulation significantly increased peak serum TNF levels 
as compared to sham-operated controls (P<0.05). 
0081 TNF levels in liver homogenates were measured 
next, because liver is a principle source of peak serum TNF 
during endotoxemia (26; 16). Electrical stimulation of the 
distal vagus nerve significantly attenuated hepatic TNF syn 
thesis as compared to sham-operated controls (FIG. 10). In 
that figure, *-P-0.05 vs. SHAM+LPS, #-P-0.05 vs. VGX+ 
LPS. These data directly implicate efferent vagus nerve sig 
naling in the regulation of TNF production in vivo. 
0082 It was theoretically possible that electrical stimula 
tion of the vagus nerve induced the release of humoral anti 
inflammatory hormones or cytokines that inhibit TNF pro 
duction. Measurements of corticosterone and IL-10 levels in 
sham-operated controls were performed (Table 1) to deter 
mine this. 

0083. In those studies, animals were subjected to either 
sham surgery (SHAM), vagotomy (VGX), or electrical 
stimulation with vagotomy (VGX+STIM) 30 minutes before 
systemic administration of LPS (15 mg/kg). Blood samples 
were collected 1 hour after administration of LPS or vehicle. 
Serum corticosterone was measured by radioimmunoassay 
(ICN Biomedicals, Costa Mesa, Calif.) and IL-10 was deter 
mined by ELISA (BioSource International, Camarillo, 
Calif.). All assays were performed in triplicate. The results 
are shown in Table 1, which indicates that endotoxemia was 
associated with increases in corticosterone and IL-10 levels. 
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In agreement with previous studies, vagotomy significantly 
reduced corticosterone levels, in part because it eliminated 
the afferent vagus nerve signals to the brain that are required 
for a Subsequent activation of the hypothalamic-pituitary 
adrenal axis (14:11). This decreased corticosteroid response 
and likely contributed to the increased levels of TNF observed 
in the serum and liver of vagotomized animals (FIGS. 9 and 
10), because corticosteroids normally down-regulate TNF 
production (41; 39). Direct electrical stimulation of the 
peripheral vagus nerve did not stimulate an increase in either 
the corticosteroid or the IL-10 responses. Thus, suppressed 
TNF synthesis in the serum and liver after vagus nervestimu 
lation could not be attributed to the activity of these humoral 
anti-inflammatory mediators. 
TABLE 1 Effects of vagotomy and vagus nerve stimulation 
on serum IL-10 and corticosteroid levels during lethal endot 
oxemia. Group of animals IL-10 (ng/ml) Corticosterone (ng/ 
ml) SHAM+vehicle N.D. 160.---.20 SHAM+LPS 8.---.0.3 
850.+-.50 Vagotomy--LPS 9.+-0.4570.+-.34* Vagotomy-- 
LPS+Stimulation 9.---.0.5560.---.43 
I0084 Data shown are Mean.---.SEM, n=7 animals per 
group. *p-0.05 vs. SHAM+LPS. 
0085 FIG. 11 shows the results of measurement of mean 
arterial blood pressure (MABP) in the same groups of ani 
mals as in FIGS. 9 and 10 (as described in methods). 
Circles—sham-operated rats (SHAM), triangles—vagoto 
mized rats (VGX), squares—animals with electrical stimula 
tion of the vagus nerve and vagotomy (VGX-STIM. LPS (15 
mg/kg, i.v.) was injected at time–0. All data are expressed as 
% of MABP (MABP/MABP (at time=0).times. 100%), 
Mean.+-SEM; n=7. Sham-Surgery, vagotomy and electrical 
stimulation with vagotomy did not significantly affect MABP 
in vehicle-treated controls (not shown). 
I0086 Peripheral vagus nerve stimulation significantly 
attenuated the development of LPS-induced hypotension 
(shock) in rats exposed to lethal doses of endotoxin (FIG. 11). 
This observation was not unexpected, because TNF is a prin 
ciple early mediator of acute endotoxin-induced shock (43 
44). Vagotomy alone (without electrical stimulation) signifi 
cantly shortened the time to development of shock as 
compared to sham-operated controls (sham time to 50% drop 
in mean arterial blood pressure 30.+-.3 minutes versus Vago 
tomy time to 50% drop in mean arterial blood pres 
sure=15.+-.2 minutes; P-0.05). This amplified development 
of shock following vagotomy alone corresponded to the 
decreased corticosteroid response and the increased TNF 
response. 
I0087 Acetylcholine is a vasodilator that mediates nitric 
oxide-dependent relaxation of resistance blood vessels which 
causes a decrease in blood pressure. Thus, we wished to 
exclude the possibility that stimulation of the efferent vagus 
might have mediated a paradoxical hypertensive response. 
Hypertension was not observed following vagus nervestimu 
lation of controls given saline instead of endotoxin (not 
shown), indicating that protection against endotoxic shock by 
vagus nerve stimulation is specific. Considered together, 
these observations indicate that stimulation of efferent vagus 
nerve activity downregulates systemic TNF production and 
the development of shock during lethal endotoxemia. 

Example 3 
Stimulation of Intact Vagus Nerve Attenuates Endot 

oxic Shock 

I0088 Experiments were conducted to determine whether 
the inhibition of inflammatory cytokine cascades by efferent 
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vagus nervestimulation is effective by stimulation of an intact 
vagus nerve. Stimulation of left and right vagus nerves were 
also compared. 
0089. The vagus nerves of anesthetized rats were exposed, 
and the left common iliac arteries were cannulated to monitor 
blood pressure and heart rate. Endotoxin (E. coli 01 11:B4: 
Sigma) was administered at a lethal dose (60 mg/kg). In 
treated animals, either the left or the right intact vagus nerve 
was stimulated with constant voltage (5V or 1V, 2 ms, 1 Hz) 
for a total of 20 min., beginning 10 min. before and continuing 
10 min. after LPS injection. Blood pressure and heart rate 
were through the use of a Bio-Pac M100 computer-assisted 
acquisition system. FIGS. 12-14 show the results of these 
experiments. 
0090. As shown in FIG. 12, within minutes after LPS 
injection, the blood pressure began to decline in both 
unstimulated rats and rats treated with a low dose (1V) of 
vagus nerve stimulation, while rats treated with a high dose 
(5V) of stimulation maintained more stable blood pressures. 
Between 30 and 40 min. post-LPS, the blood pressure stabi 
lized in animals treated with a low dose of voltage. 
0091 FIG. 13 shows the heart rate of the experimental 
animals. Within minutes after LPS injection, the heart rate 
began to increase in rats stimulated with a high dose (5V) of 
vagus nervestimulation. On the other hand, the heart rates of 
both unstimulated rats and rats stimulated with a low dose 
(1V) of voltage remained stable for approximately 60 min. 
post-LPS. After one hour, the heart rates of the rats treated 
with a low dose of stimulation began to increase, and reached 
levels comparable to those rats receiving a high dose of vagus 
nerve stimulation. 
0092 FIG. 14 compares left vs. right vagus nerve stimu 
lation. Endotoxic animals were treated with 1 V stimulation in 
either the left or the right vagus nerve. Within minutes after 
LPS injection, the blood pressure began to decline in all three 
sets of animals (unstimulated, left stimulation, right stimula 
tion). Though both sets of stimulated animals recovered 
blood pressure, those animals receiving stimulation in the left 
vagus nerve maintained more stable blood pressures for the 
duration of the experiment. However, the difference in results 
between left and right vagus nerve stimulation was not sta 
tistically significant, and would not be expected to have any 
practical difference. 
0093. This set of experiments confirms that stimulation of 
an intact vagus nerve can effectively inhibit an inflammatory 
cytokine cascade sufficiently to alleviate conditions caused 
by the cascade. 

Example 4 

Inhibition of HMG-1 Release from Macrophages by 
Nicotine 

0094 Experiments were performed to determine whether 
the inhibitory effect of cholinergic agonists on proinflamma 
tory cytokines applied to HMG-1. Murine RAW264.7 mac 
rophage-like cells (AmericanType Culture Collection, Rock 
ville, Md., USA) were grown in culture under DMEM 
supplemented with 10% fetal bovine serum and 1% 
glutamine. When the cells were 70-80% confluent, the 
medium was replaced by serum-free OPTI-MEM1 medium. 
Nicotine (Sigma) was then added at 0, 0.1. 1, 10 or 100 
mu.M. Five minutes after adding the nicotine, the cultures 
were treated with LPS (500 ng/ml). Culture medium was 
collected after 20 hr. The culture medium was concentrated 
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with a Centricon T 10 filter, then analyzed by western blot, 
using an anti-HMG-1 polyclonal antisera (WO 00/47104) 
and Standard methods. Band densities were determined using 
a Bio-Rad Imaging densitometer. 
0095. The results are shown in FIG.15. The HMG-1 bands 
are shown along the top, with the corresponding nicotine and 
LPS concentrations, and the densities of the bands shown are 
graphed in the graph below. FIG. 15 clearly shows that nico 
tine inhibited HMG-1 production in a dose-dependent man 
ner. This demonstrates that HMG-1 behaves as a proinflam 
matory cytokine in that its production can be inhibited by a 
cholinergic agonist. 
0096. The neural-immune interaction described here, 
which we term the “cholinergic anti-inflammatory pathway.” 
can directly modulate the systemic response to pathogenic 
invasion. The observation that parasympathetic nervous sys 
tem activity influences circulating TNF levels and the shock 
response to endotoxemia has widespread implications, 
because it represents a previously unrecognized, direct, and 
rapid endogenous mechanism that can be activated to Sup 
press the lethal effects of biological toxins. The cholinergic 
anti-inflammatory pathway is positioned to function under 
much shorter response times as compared to the previously 
described humoral anti-inflammatory pathways. Moreover, 
activation of parasympathetic efferents during systemic 
stress, or the “flight or fight response, confers an additional 
protective advantage to the host by restraining the magnitude 
of a potentially lethal peripheral immune response. 
0097. In view of the above, it will be seen that the several 
advantages of the invention are achieved and other advan 
tages attained. 
0098. As various changes could be made in the above 
methods and compositions without departing from the scope 
of the invention, it is intended that all matter contained in the 
above description and shown in the accompanying drawings 
shall be interpreted as illustrative and not in a limiting sense. 

Example 5 

Mechanical Vagus Nerve Stimulation is Sufficient to 
Inhibit Inflammatory Cytokine Release 

0099] To determine the activation sensitivity of the cho 
linergic anti-inflammatory via VNS, the ability of mechanical 
nerve stimulation to activate the cholinergic anti-inflamma 
tory pathway was examined. Male 8- to 12-week-old BALB/c 
mice (25-30 g Taconic) were housed at 25° C. on a 12 h 
light/dark cycle. Animals were allowed to acclimate to the 
facility for at least 7 days prior to experimental manipulation. 
Standard mouse chow and water were freely available. All 
animal experiments were performed in accordance with the 
National Institutes of Health (NIH) Guidelines under proto 
cols approved by the Institutional Animal Care and Use Com 
mittee of the North Shore-Long Island Jewish Research Insti 
tute. 

0100 Mice were anesthetized with isoflurane (1.5-2.0%) 
and placed Supine on the operating table. A Ventral cervical 
midline incision was used to expose and isolate the left cer 
Vical vagus nerve. The left vagus nerve was exposed via a 
midline cervical incision. After isolating the nerve from the 
Surrounding structures, the Surgery was terminated, without 
Subsequent electrode placement. LPS administration pre 
ceded surgery by 5 min. Sham operated mechanical VNS 
mice underwent cervical incision followed by dissection of 
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the underlying Submandibular salivary glands only. The 
vagus nerve was neither exposed nor isolated. 
0101 Mice were injected with endotoxin (Escherichia 
coli LPS 01 11:B4; Sigma) that was dissolved insterile, pyro 
gen-free saline at Stock concentrations of 1 mg/ml. LPS solu 
tions were sonicated for 30 min immediately before use for 
each experiment. Mice received an LDso dose of LPS (7.5 
mg/kg, i.p.). Blood was collected 2 h after LPS administra 
tion, allowed to clot for 2 hat room temperature, and then 
centrifuged for 15 min at 2,000xg. Serum samples were 
stored at -20° C. before analysis. TNF concentrations in 
mouse serum were measured by ELISA (R & D Systems). 
0102 Mechanical VNS significantly reduced TNF pro 
duction during lethal endotoxemia (FIG.16). Compared with 
the control group, the mechanical VNS group had a 75.8% 
suppression in TNF production (control=1819-181 pg/ml vs. 
mechanical VNS=440+64 pg/ml, p=0.00003). These results 
indicate that mechanical nerve stimulation is sufficient to 
inhibit cytokine release. 

Example 6 

Non-Invasive External Cervical Massage is Sufi 
cient to Activate the Cholinergic Anti-Inflammatory 

Pathway 

(0103) To determine whether mechanical VNS could be 
utilized in a non-invasive, transcutaneous manner to elicit 
anti-inflammatory effects, a model of murine cervical mas 
sage in lethal endotoxemia was developed. Mice were anes 
thetized and positioned as described above. Following the 
midline cervical incision, a unilateral left total submandibular 
sialoadenectomy was performed. No further dissection was 
performed, and the underlying vagus nerve was not exposed. 
Following closure of the incision, animals received external 
vagus nerve cervical massage using a cotton-tip applicator. 
Cervical massage was performed using alternating direct 
pressure applied antero-posteriorly adjacent to the left lateral 
border of the trachea. Each pressure application was defined 
as one stimulation. The number of stimulations was quanti 
fied by frequency and time. The lowest dose cervical massage 
group underwent 40 sec stimulation at 0.5 stimulations s'. 
The middle dose cervical massage group underwent 2 min 
stimulation at 1 stimulations s'. The highest dose cervical 
massage group underwent 5 min stimulation at 2 stimulations 
s'. Sham operated cervical massage mice underwent unilat 
eral left submandibular sialoadenectomy only. 
0104. A dose response curve for TNF suppression was 
generated from these stimulation groups and is shown in FIG. 
17. The 40 sec (0.5 Hz) group had a 29.2% suppression of 
TNF (control=1879-298 pg/ml vs. massage=1331+503 
pg/ml, p=0.38). The 2 min (1 Hz) group had a 36.8% sup 
pression of TNF (control=1909+204 pg/ml vs. mas 
sage=1206+204 pg/ml, p=0.04). The 5 min (2 Hz) group had 
a 50.7% suppression of TNF (control=2749+394 pg/ml vs. 
massage=1355+152 pg/ml, p=0.02). These data indicate that 
a non-invasive, easily performed, low risk, accepted clinical 
therapeutic maneuver could be utilized to significantly reduce 
systemic inflammation. 
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1-27. (canceled) 
28. A method of treating a subject for a condition caused by 

an abnormality in said subject's autonomic nervous system, 
said method comprising: electrically modulating at least a 
portion of said Subject's autonomic nervous system to 
increase the parasympathetic activity/sympathetic activity 
ratio to a ratio analogous to that observed in a health Subject 
in a manner effective to treat said subject for said condition, 
wherein said parasympathetic activity/to sympathetic activity 
ratio is increased by increasing activity in at least one para 
sympathetic nerve fiber and inhibiting activity in at least one 
sympathetic nerve fiber, wherein said at least one sympathetic 
nerve fiber is a cardiac nerve fiber, wherein said condition is 
chosen from neurodegenerative diseases, neuroinflammatory 
diseases, orthopedic diseases, lymphoproliferative diseases, 
inflammatory diseases, infectious diseases, gastrointestinal 
disorders, endocrine disorders, genitourinary disorders, skin 
disorders, conditions that cause hypoxia, conditions that 
cause hypercarbia, conditions that cause acidosis and Th-2 
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dominant conditions, wherein said condition is treated by 
applying electrical energy to at least one of the vagus nerve, 
cranial nerve III, cranial nerve VII, cranial nerve IX, spheno 
palatine ganglion, ciliary ganglion, Submandibular ganglion, 
otic ganglion, sympathetic nerve, sympathetic ganglia, spinal 
nerves, postganglionic fibers to spinal nerves, sympathetic 
chain ganglia, cardiac and pulmonary plexus, celiac plexus, 
hypogastric plexus, pelvic nerves, cervical sympathetic gan 
glia, coccygeal ganglia, greater splanchnic nerve, inferior 
mesenteric ganglion, celiac ganglion, Superior mesenteric 
ganglion, lumber splanchnic nerves, and lesser splanchnic 

WS. 

29. The method according to claim 28, wherein said abnor 
mality is an abnormally low parasympathetic activity in at 
least a portion of said Subject's autonomic nervous system. 

30. The method according to claim 28, wherein said abnor 
mality is an abnormally high parasympathetic activity in at 
least a portion of said Subject's autonomic nervous system. 

31. The method according to claim 28, wherein said abnor 
mality is an abnormally high sympathetic activity in at least a 
portion of said Subject's autonomic nervous system. 

32. The method according to claim 31, wherein said para 
sympathetic activity in at least a portion of said subject's 
autonomic nervous system is normal. 

33. The method according to claim 31, wherein said para 
sympathetic activity in at least a portion of said subject's 
autonomic nervous system is abnormally low. 

34. The method according to claim 31, wherein said para 
sympathetic activity in at least a portion of said subject's 
autonomic nervous system is abnormally high. 

35. The method of claim 28, wherein said method is 
employed to treat a neurodegenerative condition by applying 
electrical energy to at least one of the vagus nerve, cranial 
nerve III, cranial nerve VII, cranial nerve IX, sphenopalatine 
ganglion, ciliary ganglion, Submandibular ganglion, otic gan 
glion, sympathetic nerve and sympathetic ganglia. 

36. The method of claim 28, wherein said method is 
employed to treat orthopedic conditions by applying electri 
cal energy to at least one of the vagus nerve, spinal nerves, 
postganglionic fibers to spinal nerves and sympathetic chain 
ganglia. 

37. The method of claim 28, wherein said method is 
employed to treat neuroinflammatory conditions by applying 
electrical energy to at least one of the cranial nerve III, cranial 
nerve VII, cranial nerve IX, sphenopalatine ganglion, ciliary 
ganglion, Submandibular ganglion, otic ganglion, Vagus 
nerve, cardiac and pulmonary plexus, celiac plexus, hypogas 
tric plexus, pelvic nerves, cervical sympathetic ganglia, Spi 
nal nerves, postganglionic fibers to spinal nerves, sympa 
thetic chain ganglia, coccygeal ganglia, greater splanchnic 
nerve, lesser splanchnic nerve, inferior mesenteric ganglion, 
celiac ganglion, Superior mesenteric ganglion and lumber 
splanchnic nerves. 

38. The method of claim 28, wherein said method is 
employed to treat lymphoproliferative conditions by apply 
ing electrical energy to at least one of the cranial nerve III, 
cranial nerve VII, cranial nerve IX, sphenopalatine ganglion, 
ciliary ganglion, Submandibular ganglion, otic ganglion, 
vagus nerve, cardiac and pulmonary plexus, celiac plexus, 
hypogastric plexus, cervical sympathetic ganglia, spinal 
nerves, postganglionic fibers to spinal nerves, sympathetic 
chain ganglia, coccygeal ganglia, greater splanchnic nerve, 
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lesser splanchnic nerve, inferior mesenteric ganglion, celiac 
ganglion, Superior mesenteric ganglion and lumber splanch 
nic nerves. 

39. The method of claim 28, wherein said method is 
employed to treat inflammatory conditions by applying elec 
trical energy to at least one of the cranial nerve III, cranial 
nerve VII, cranial nerve IX, sphenopalatine ganglion, ciliary 
ganglion, Submandibular ganglion, otic ganglion, Vagus 
nerve, cardiac and pulmonary plexus, celiac plexus, hypogas 
tric plexus, pelvic nerves, cervical sympathetic ganglia, Spi 
nal nerves, postganglionic fibers to spinal nerves, sympa 
thetic chain ganglia, coccygeal ganglia, greater splanchnic 
nerve, lesser splanchnic nerve, inferior mesenteric ganglion, 
celiac ganglion, Superior mesenteric ganglion and lumber 
splanchnic nerves. 

40. The method of claim 28, wherein said method is 
employed to treat infectious diseases by applying electrical 
energy to at least one of the cranial nerve III, cranial nerve 
VII, cranial nerve IX, sphenopalatine ganglion, ciliary gan 
glion, Submandibular ganglion, otic ganglion, Vagus nerve, 
cardiac and pulmonary plexus, celiac plexus, hypogastric 
plexus, pelvic nerves, cervical sympathetic ganglia, spinal 
nerves, postganglionic fibers to spinal nerves, sympathetic 
chain ganglia, coccygeal ganglia, greater splanchnic nerve, 
lesser splanchnic nerve, inferior mesenteric ganglion, celiac 
ganglion, Superior mesenteric ganglion and lumber splanch 
nic nerves. 

41. The method of claim 28, wherein said method is a 
method of treating gastrointestinal conditions by applying 
electrical energy to at least one of the vagus nerve, celiac 
plexus, hypogastric plexus, pelvic nerves, sympathetic chain 
ganglia, coccygeal ganglia, cardiac plexus, pulmonary 
plexus, greater splanchnic nerve, lesser splanchnic nerve, 
inferior mesenteric ganglion, celiac ganglion, Superior 
mesenteric ganglion and lumber splanchnic nerves. 

42. The method of claim 28, wherein said method is a 
method of treating endocrine disorders by applying electrical 
energy to at least one of the cranial nerve III, cranial nerve 
VII, cranial nerve IX, sphenopalatine ganglion, ciliary gan 
glion, Submandibular ganglion, otic ganglion, Vagus nerve, 
cardiac plexus, pulmonary plexus, celiac plexus, hypogastric 
plexus, pelvic nerves, cervical sympathetic ganglia, spinal 
nerves, postganglionic fibers to spinal nerves, sympathetic 
chain ganglia, coccygeal ganglia, greater splanchnic nerve, 
lesser splanchnic nerve, inferior mesenteric ganglion, celiac 
ganglion, Superior mesenteric ganglion and lumber splanch 
nic nerves. 

43. The method of claim 28, wherein said method is a 
method of treating genitourinary conditions by applying elec 
trical energy to at least one of the vagus nerve, cardiac plexus, 
pulmonary plexus, celiac plexus, hypogastric plexus, pelvic 
nerves, cervical sympathetic ganglia, spinal nerves, postgan 
glionic fibers to spinal nerves, sympathetic chain ganglia, 
coccygeal ganglia, greater splanchnic nerve, lesser splanch 
nic nerve, inferior mesenteric ganglion, celiac ganglion, 
Superior mesenteric ganglion and lumber splanchnic nerves. 

44. The method of claim 28, wherein said method is a 
method of treating skin conditions by applying electrical 
energy to at least one of the vagus nerve, cervical sympathetic 
ganglia, spinal nerves, postganglionic fibers to spinal nerves, 
Sympathetic chain ganglia and coccygeal ganglia. 

45. The method of claim 28, wherein said method is a 
method of treating Th-2 dominant conditions by applying 
electrical energy to at least one of the cranial nerve III, cranial 
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nerve VII, cranial nerve IX, sphenopalatine ganglion, ciliary 
ganglion, Submandibular ganglion, otic ganglion, Vagus 
nerve, cardiac plexus, pulmonary plexus, celiac plexus, hypo 
gastric plexus, pelvic nerves, cervical sympathetic ganglia, 
spinal nerves, postganglionic fibers to spinal nerves, sympa 
thetic chain ganglia, coccygeal ganglia, greater splanchnic 
nerve, lesser splanchnic nerve, inferior mesenteric ganglion, 
celiac ganglion, Superior mesenteric ganglion and lumber 
splanchnic nerves. 

46. The method of claim 28, wherein said method is a 
method of treating conditions that cause hypoxia, by applying 
electrical energy to at least one of the cranial nerve III, cranial 
nerve VII, cranial nerve IX, sphenopalatine ganglion, ciliary 
ganglion, Submandibular ganglion, otic ganglion, Vagus 
nerve, cardiac plexus, pulmonary plexus, celiac plexus, hypo 
gastric plexus, pelvic nerves, cervical sympathetic ganglia, 
spinal nerves, postganglionic fibers to spinal nerves, sympa 
thetic chain ganglia, coccygeal ganglia, greater splanchnic 
nerve, lesser splanchnic nerve, inferior mesenteric ganglion, 
celiac ganglion, Superior mesenteric ganglion and lumber 
splanchnic nerves. 

47. The method of claim 28, wherein said method is a 
method of treating conditions that cause hypercarbia, by 
applying electrical energy to at least one of the cranial nerve 
III, cranial nerve VII, cranial nerve IX, sphenopalatine gan 
glion, ciliary ganglion, Submandibular ganglion, otic gan 
glion, vagus nerve, cardiac plexus, pulmonary plexus, celiac 
plexus, hypogastric plexus, pelvic nerves, cervical Sympa 
thetic ganglia, spinal nerves, postganglionic fibers to spinal 
nerves, sympathetic chain ganglia, coccygeal ganglia, greater 
splanchnic nerve, lesser splanchnic nerve, inferior mesenteric 
ganglion, celiac ganglion, Superior mesenteric ganglion and 
lumber splanchnic nerves. 

48. The method of claim 28, wherein said method is a 
method of treating conditions that cause acidosis by applying 
electrical energy to at least one of the cranial nerve III, cranial 
nerve VII, cranial nerve IX, sphenopalatine ganglion, ciliary 
ganglion, Submandibular ganglion, otic ganglion, Vagus 
nerve, cardiac plexus, pulmonary plexus, celiac plexus, hypo 
gastric plexus, pelvic nerves, cervical sympathetic ganglia, 
spinal nerves, postganglionic fibers to spinal nerves, sympa 
thetic chain ganglia, coccygeal ganglia, greater splanchnic 
nerve, lesser splanchnic nerve, inferior mesenteric ganglion, 
celiac ganglion, Superior mesenteric ganglion and lumber 
splanchnic nerves. 

49. The method according to claim 28, wherein said para 
sympathetic activity/to sympathetic activity ratio is increased 
by increasing activity in at least one parasympathetic nerve 
fiber. 

50. The method of claim 49, wherein said at least one nerve 
fiber is a vagus nerve fiber. 

51. The method according to claim 28, wherein increasing 
said activity in at least one parasympathetic nerve fiber is 
performed at the same time as inhibiting activity in at least 
one sympathetic nerve fiber. 

52. The method according to claim 51, wherein increasing 
said activity in at least one parasympathetic nerve fiber is 
performed before or after inhibiting activity in at least one 
sympathetic nerve fiber. 

53. The method according to claim 28, wherein an 
implanted electrostimulatory device is employed to electri 
cally modulate said Subject's autonomic nervous system. 



US 2009/024.8097 A1 

54. The method according to claim 28, wherein said 
method further comprises pharmacologically modulating 
said at least a portion of said autonomic nervous system. 

55. The method according to claim 54, wherein said phar 
macological modulation is performed at the same time as said 
electrical modulation. 

56. The method according to claim 54, wherein said phar 
macological modulation is performed before or after said 
electrical modulation. 

57. A computer-readable medium comprising program 
ming for electrically modulating at least a portion of a Sub 
ject's autonomic nervous system according to claim 44. 

58. A kit comprising: (a) an electrostimulatory device; and 
(b) instructions for practicing the method of claim 44. 

59. The kit according to claim 58, wherein said electro 
stimulatory device is an implantable device. 

60. The kit according to claim 58, wherein said kit further 
comprises at least one pharmacological agent for modulating 
at least a portion of said autonomic nervous system. 

61. The kit according to claim 58, further comprising an 
introducer needle for introducing said electrostimulatory 
device into the body of a subject. 

62. The kit of claim 58, further comprising a computer 
readable medium according to claim 57. 

63. A method of treating a subject for a condition caused by 
an abnormality in said subject's autonomic nervous system, 
said method comprising: electrically modulating at least a 
portion of said Subject's autonomic nervous system to 
increase the parasympathetic activity/sympathetic activity 
ratio in a manner effective to treat said Subject for said con 
dition, wherein said method is employed to treat a neurode 
generative condition by applying electrical energy to at least 
one of the vagus nerve, cranial nerve III, cranial nerve VII, 
cranial nerve IX, Sphenopalatine ganglion, ciliary ganglion, 
Submandibular ganglion, otic ganglion, sympathetic nerve 
and sympathetic ganglia. 

64. A method of treating a Subject for a condition caused by 
an abnormality in said Subjects autonomic nervous system, 
said method comprising: electrically modulating at least a 
portion of said Subject's autonomic nervous system to 
increase the parasympathetic activity/sympathetic activity 
ratio in a manner effective to treat said Subject for said con 
dition, wherein said method is employed to treat orthopedic 
conditions by applying electrical energy to at least one of the 
vagus nerve, spinal nerves, postganglionic fibers to spinal 
nerves and sympathetic chain ganglia. 

65. A method of treating a subject for a condition caused by 
an abnormality in said subject's autonomic nervous system, 
said method comprising; electrically modulating at least a 
portion of said Subject's autonomic nervous system to 
increase the parasympathetic activity/sympathetic activity 
ratio in a manner effective to treat said Subject for said con 
dition, wherein said method is employed to treat neuroinflam 
matory conditions by applying electrical energy to at least one 
of the cranial nerve III, cranial nerve VII, cranial nerve IX, 
sphenopalatine ganglion, ciliary ganglion, Submandibular 
ganglion, otic ganglion, Vagus nerve, cardiac and pulmonary 
plexus, celiac plexus, hypogastric plexus, pelvic nerves, cer 
Vical Sympathetic ganglia, Spinal nerves, postganglionic 
fibers to spinal nerves, sympathetic chain ganglia, coccygeal 
ganglia, cardiac and pulmonary plexus, greater splanchnic 
nerve, lesser splanchnic nerve, inferior mesenteric ganglion, 
celiac ganglion, Superior mesenteric ganglion and lumber 
splanchnic nerves. 
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66. A method of treating a subject for a condition caused by 
an abnormality in said subject's autonomic nervous system, 
said method comprising: electrically modulating at least a 
portion of said Subject's autonomic nervous system to 
increase the parasympathetic activity/sympathetic activity 
ratio in a manner effective to treat said Subject for said con 
dition, wherein said method is employed to treatlymphopro 
liferative conditions by applying electrical energy to at least 
one of the cranial nerve III, cranial nerve VII, cranial nerve 
IX. Sphenopalatine ganglion, ciliary ganglion, Submandibu 
lar ganglion, otic ganglion, Vagus nerve, cardiac and pulmo 
nary plexus, celiac plexus, hypogastric plexus, cervical sym 
pathetic ganglia, spinal nerves, postganglionic fibers to spinal 
nerves, sympathetic chain ganglia, coccygeal ganglia, cardiac 
and pulmonary plexus, greater splanchnic nerve, lesser 
splanchnic nerve, inferior mesenteric ganglion, celiac gan 
glion, Superior mesenteric ganglion and lumber splanchnic 

WS. 

67. A method of treating a subject for a condition caused by 
an abnormality in said subject's autonomic nervous system, 
said method comprising: electrically modulating at least a 
portion of said Subject's autonomic nervous system to 
increase the parasympathetic activity/sympathetic activity 
ratio in a manner effective to treat said Subject for said con 
dition, wherein said method is employed to treat inflamma 
tory conditions by applying electrical energy to at least one of 
the cranial nerve III, cranial nerve VII, cranial nerve IX, 
sphenopalatine ganglion, ciliary ganglion, Submandibular 
ganglion, otic ganglion, Vagus nerve, cardiac and pulmonary 
plexus, celiac plexus, hypogastric plexus, pelvic nerves, cer 
Vical Sympathetic ganglia, Spinal nerves, postganglionic 
fibers to spinal nerves, sympathetic chain ganglia, coccygeal 
ganglia, cardiac and pulmonary plexus, greater splanchnic 
nerve, lesser splanchnic nerve, inferior mesenteric ganglion, 
celiac ganglion, Superior mesenteric ganglion and lumber 
splanchnic nerves. 

68. A method of treating a subject for a condition caused by 
an abnormality in said subject's autonomic nervous system, 
said method comprising: electrically modulating at least a 
portion of said Subject's autonomic nervous system to 
increase the parasympathetic activity/sympathetic activity 
ratio in a manner effective to treat said Subject for said con 
dition, wherein said method is employed to treat infectious 
diseases by applying electrical energy to at least one of the 
cranial nerve III, cranial nerve VII, cranial nerve IX, spheno 
palatine ganglion, ciliary ganglion, Submandibular ganglion, 
otic ganglion, vagus nerve, cardiac and pulmonary plexus, 
celiac plexus, hypogastric plexus, pelvic nerves, cervical 
sympathetic ganglia, spinal nerves, postganglionic fibers to 
spinal nerves, sympathetic chain ganglia, coccygeal ganglia, 
cardiac and pulmonary plexus, greater splanchnic nerve, 
lesser splanchnic nerve, inferior mesenteric ganglion, celiac 
ganglion, Superior mesenteric ganglion and lumber splanch 
nic nerves. 

69. A method of treating a subject for a condition caused by 
an abnormality in said subject's autonomic nervous system, 
said method comprising: electrically modulating at least a 
portion of said Subject's autonomic nervous system to 
increase the parasympathetic activity/sympathetic activity 
ratio in a manner effective to treat said Subject for said con 
dition, wherein said method is a method of treating Th-2 
dominant conditions by applying electrical energy to at least 
one of the cranial nerve III, cranial nerve VII, cranial nerve 
IX. Sphenopalatine ganglion, ciliary ganglion, Submandibu 
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lar ganglion, otic ganglion, Vagus nerve, cardiac plexus, pull 
monary plexus, celiac plexus, hypogastric plexus, pelvic 
nerves, cervical sympathetic ganglia, spinal nerves, postgan 
glionic fibers to spinal nerves, sympathetic chain ganglia, 
coccygeal ganglia, greater splanchnic nerve, lesser splanch 
nic nerve, inferior mesenteric ganglion, celiac ganglion, 
Superior mesenteric ganglion and lumber splanchnic nerves. 

70. A method of treating a subject for a condition caused by 
an abnormality in said subject's autonomic nervous system, 
said method comprising: electrically modulating at least a 
portion of said Subject's autonomic nervous system to 
increase the parasympathetic activity/sympathetic activity 
ratio in a manner effective to treat said Subject for said con 
dition, wherein said method is a method of treating conditions 
that cause hypoxia, by applying electrical energy to at least 
one of the cranial nerve III, cranial nerve VII, cranial nerve 
IX. Sphenopalatine ganglion, ciliary ganglion, Submandibu 
lar ganglion, otic ganglion, Vagus nerve, cardiac plexus, pull 
monary plexus, celiac plexus, hypogastric plexus, pelvic 
nerves, cervical sympathetic ganglia, spinal nerves, postgan 
glionic fibers to spinal nerves, sympathetic chain ganglia, 
coccygeal ganglia, greater splanchnic nerve, lesser splanch 
nic nerve, inferior mesenteric ganglion, celiac ganglion, 
Superior mesenteric ganglion and lumber splanchnic nerves. 

71. A method of treating a subject for a condition caused by 
an abnormality in said subject's autonomic nervous system, 
said method comprising: electrically modulating at least a 
portion of said Subject's autonomic nervous system to 
increase the parasympathetic activity/sympathetic activity 
ratio in a manner effective to treat said Subject for said con 
dition, wherein said method is a method of treating conditions 
that cause hypercarbia, by applying electrical energy to at 
least one of the cranial nerve III, cranial nerve VII, cranial 
nerve IX, Sphenopalatine ganglion, ciliary ganglion, Subman 
dibular ganglion, otic ganglion, vagus nerve, cardiac plexus, 
pulmonary plexus, celiac plexus, hypogastric plexus, pelvic 
nerves, cervical sympathetic ganglia, spinal nerves, postgan 
glionic fibers to spinal nerves, sympathetic chain ganglia, 
coccygeal ganglia, greater splanchnic nerve, lesser splanch 
nic nerve, inferior mesenteric ganglion, celiac ganglion, 
Superior mesenteric ganglion and lumber splanchnic nerves. 

72. A method of treating a subject for a condition caused by 
an abnormality in said subject's autonomic nervous system, 
said method comprising: electrically modulating at least a 
portion of said Subject's autonomic nervous system to 
increase the parasympathetic activity/sympathetic activity 
ratio in a manner effective to treat said Subject for said con 
dition, wherein said method is a method of treating conditions 
that cause acidosis by applying electrical energy to at least 
one of the cranial nerve III, cranial nerve VII, cranial nerve 
IX. Sphenopalatine ganglion, ciliary ganglion, Submandibu 
lar ganglion, otic ganglion, Vagus nerve, cardiac plexus, pull 
monary plexus, celiac plexus, hypogastric plexus, pelvic 
nerves, cervical sympathetic ganglia, spinal nerves, postgan 
glionic fibers to spinal nerves, sympathetic chain ganglia, 
coccygeal ganglia, greater splanchnic nerve, lesser splanch 
nic nerve, inferior mesenteric ganglion, celiac ganglion, 
Superior mesenteric ganglion and lumber splanchnic nerves. 

73. A method of treating a subject for a condition caused by 
an abnormality in said subject's autonomic nervous system, 
said method comprising: electrically modulating at least a 
portion of said Subject's autonomic nervous system to 
increase the parasympathetic activity/sympathetic activity 
ratio to a ratio analogous to that observed in a health Subject 
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in a manner effective to treat said subject for said condition, 
wherein said parasympathetic activity/to sympathetic activity 
ratio is increased by increasing activity in at least one para 
sympathetic nerve fiber and inhibiting activity in at least one 
sympathetic nerve fiber, wherein said condition is chosen 
from cardiovascular diseases, neurodegenerative diseases, 
neuroinflammatory diseases, orthopedic diseases, lymphop 
roliferative diseases, inflammatory diseases, infectious dis 
eases, gastrointestinal disorders, endocrine disorders, geni 
tourinary disorders, skin disorders, conditions that cause 
hypoxia, conditions that cause hypercarbia, conditions that 
cause acidosis, Th-2 dominant conditions, wherein said 
method is employed to treat a neurodegenerative condition by 
applying electrical energy to at least one of the vagus nerve, 
cranial nerve III, cranial nerve VII, cranial nerve IX, spheno 
palatine ganglion, ciliary ganglion, Submandibular ganglion, 
otic ganglion, sympathetic nerve and sympathetic ganglia 
wherein said method is further employed to treat a second 
condition by applying electrical energy to at least one of the 
vagus nerve, spinal nerves, postganglionic fibers to spinal 
nerves, sympathetic chain ganglia, cranial nerve III, cranial 
nerve VII, cranial nerve IX, sphenopalatine ganglion, ciliary 
ganglion, Submandibular ganglion, otic ganglion, cardiac 
plexus and pulmonary plexus, celiac plexus, hypogastric 
plexus, pelvic nerves, cervical sympathetic ganglia, coc 
cygeal ganglia, greater splanchnic nerve, lesser splanchnic 
nerve, inferior mesenteric ganglion, celiac ganglion, Superior 
mesenteric ganglion and lumber splanchnic nerves. 

74. The method of claim 73, wherein said method is further 
employed to treat orthopedic conditions by applying electri 
cal energy to at least one of the vagus nerve, spinal nerves, 
postganglionic fibers to spinal nerves and sympathetic chain 
ganglia. 

75. The method of claim 73, wherein said method is further 
employed to treat neuroinflammatory conditions by applying 
electrical energy to at least one of the cranial nerve III, cranial 
nerve VII, cranial nerve IX, sphenopalatine ganglion, ciliary 
ganglion, Submandibular ganglion, otic ganglion, Vagus 
nerve, cardiac and pulmonary plexus, celiac plexus, hypogas 
tric plexus, pelvic nerves, cervical sympathetic ganglia, Spi 
nal nerves, postganglionic fibers to spinal nerves, sympa 
thetic chain ganglia, coccygeal ganglia, greater splanchnic 
nerve, lesser splanchnic nerve, inferior mesenteric ganglion, 
celiac ganglion, Superior mesenteric ganglion and lumber 
splanchnic nerves. 

76. The method of claim 73, wherein said method is further 
employed to treat lymphoproliferative conditions by apply 
ing electrical energy to at least one of the cranial nerve III, 
cranial nerve VII, cranial nerve IX, sphenopalatine ganglion, 
ciliary ganglion, Submandibular ganglion, otic ganglion, 
vagus nerve, cardiac and pulmonary plexus, celiac plexus, 
hypogastric plexus, cervical sympathetic ganglia, spinal 
nerves, postganglionic fibers to spinal nerves, sympathetic 
chain ganglia, coccygeal ganglia, greater splanchnic nerve, 
lesser splanchnic nerve, inferior mesenteric ganglion, celiac 
ganglion, Superior mesenteric ganglion and lumber splanch 
nic nerves. 

77. The method of claim 73, wherein said method is further 
employed to treat inflammatory conditions by applying elec 
trical energy to at least one of the cranial nerve III, cranial 
nerve VII, cranial nerve IX, sphenopalatine ganglion, ciliary 
ganglion, Submandibular ganglion, otic ganglion, Vagus 
nerve, cardiac and pulmonary plexus, celiac plexus, hypogas 
tric plexus, pelvic nerves, cervical sympathetic ganglia, Spi 
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nal nerves, postganglionic fibers to spinal nerves, sympa 
thetic chain ganglia, coccygeal ganglia, greater splanchnic 
nerve, lesser splanchnic nerve, inferior mesenteric ganglion, 
celiac ganglion, Superior mesenteric ganglion and lumber 
splanchnic nerves. 

78. The method of claim 73, wherein said method is further 
employed to treat infectious diseases by applying electrical 
energy to at least one of the cranial nerve III, cranial nerve 
VII, cranial nerve IX, sphenopalatine ganglion, ciliary gan 
glion, Submandibular ganglion, otic ganglion, Vagus nerve, 
cardiac and pulmonary plexus, celiac plexus, hypogastric 
plexus, pelvic nerves, cervical sympathetic ganglia, spinal 
nerves, postganglionic fibers to spinal nerves, sympathetic 
chain ganglia, coccygeal ganglia, greater splanchnic nerve, 
lesser splanchnic nerve, inferior mesenteric ganglion, celiac 
ganglion, Superior mesenteric ganglion and lumber splanch 
nic nerves. 

79. The method of claim 73, wherein said method is a 
method of treating gastrointestinal conditions by applying 
electrical energy to at least one of the vagus nerve, celiac 
plexus, hypogastric plexus, pelvic nerves, sympathetic chain 
ganglia, coccygeal ganglia, cardiac plexus, pulmonary 
plexus, greater splanchnic nerve, lesser splanchnic nerve, 
inferior mesenteric ganglion, celiac ganglion, Superior 
mesenteric ganglion and lumber splanchnic nerves. 

80. The method of claim 73, wherein said method is a 
method of treating endocrine disorders by applying electrical 
energy to at least one of the cranial nerve III, cranial nerve 
VII, cranial nerve IX, sphenopalatine ganglion, ciliary gan 
glion, Submandibular ganglion, otic ganglion, Vagus nerve, 
cardiac plexus, pulmonary plexus, celiac plexus, hypogastric 
plexus, pelvic nerves, cervical sympathetic ganglia, spinal 
nerves, postganglionic fibers to spinal nerves, sympathetic 
chain ganglia, coccygeal ganglia, greater splanchnic nerve, 
lesser splanchnic nerve, inferior mesenteric ganglion, celiac 
ganglion, Superior mesenteric ganglion and lumber splanch 
nic nerves. 

81. The method of claim 73, wherein said method is a 
method of treating genitourinary conditions by applying elec 
trical energy to at least one of the vagus nerve, cardiac plexus, 
pulmonary plexus, celiac plexus, hypogastric plexus, pelvic 
nerves, cervical sympathetic ganglia, spinal nerves, postgan 
glionic fibers to spinal nerves, sympathetic chain ganglia, 
coccygeal ganglia, greater splanchnic nerve, lesser splanch 
nic nerve, inferior mesenteric ganglion, celiac ganglion, 
Superior mesenteric ganglion and lumber splanchnic nerves. 

82. The method of claim 73, wherein said method is a 
method of treating skin conditions by applying electrical 
energy to at least one of the vagus nerve, cervical sympathetic 
ganglia, spinal nerves, postganglionic fibers to spinal nerves, 
Sympathetic chain ganglia and coccygeal ganglia. 
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83. The method of claim 73, wherein said method is a 
method of treating Th-2 dominant conditions by applying 
electrical energy to at least one of the cranial nerve III, cranial 
nerve VII, cranial nerve IX, sphenopalatine ganglion, ciliary 
ganglion, Submandibular ganglion, otic ganglion, Vagus 
nerve, cardiac plexus, pulmonary plexus, celiac plexus, hypo 
gastric plexus, pelvic nerves, cervical sympathetic ganglia, 
spinal nerves, postganglionic fibers to spinal nerves, sympa 
thetic chain ganglia, coccygeal ganglia, greater splanchnic 
nerve, lesser splanchnic nerve, inferior mesenteric ganglion, 
celiac ganglion, Superior mesenteric ganglion and lumber 
splanchnic nerves. 

84. The method of claim 73, wherein said method is a 
method of treating conditions that cause hypoxia, by applying 
electrical energy to at least one of the cranial nerve III, cranial 
nerve VII, cranial nerve IX, sphenopalatine ganglion, ciliary 
ganglion, Submandibular ganglion, otic ganglion, Vagus 
nerve, cardiac plexus, pulmonary plexus, celiac plexus, hypo 
gastric plexus, pelvic nerves, cervical sympathetic ganglia, 
spinal nerves, postganglionic fibers to spinal nerves, sympa 
thetic chain ganglia, coccygeal ganglia, greater splanchnic 
nerve, lesser splanchnic nerve, inferior mesenteric ganglion, 
celiac ganglion, Superior mesenteric ganglion and lumber 
splanchnic nerves. 

85. The method of claim 73, wherein said method is a 
method of treating conditions that cause hypercarbia, by 
applying electrical energy to at least one of the cranial nerve 
III, cranial nerve VII, cranial nerve IX, sphenopalatine gan 
glion, ciliary ganglion, Submandibular ganglion, otic gan 
glion, vagus nerve, cardiac plexus, pulmonary plexus, celiac 
plexus, hypogastric plexus, pelvic nerves, cervical sympa 
thetic ganglia, spinal nerves, postganglionic fibers to spinal 
nerves, sympathetic chain ganglia, coccygeal ganglia, greater 
splanchnic nerve, lesser splanchnic nerve, inferior mesenteric 
ganglion, celiac ganglion, Superior mesenteric ganglion and 
lumber splanchnic nerves. 

86. The method of claim 73, wherein said method is a 
method of treating conditions that cause acidosis by applying 
electrical energy to at least one of the cranial nerve III, cranial 
nerve VII, cranial nerve IX, sphenopalatine ganglion, ciliary 
ganglion, Submandibular ganglion, otic ganglion, Vagus 
nerve, cardiac plexus, pulmonary plexus, celiac plexus, hypo 
gastric plexus, pelvic nerves, cervical sympathetic ganglia, 
spinal nerves, postganglionic fibers to spinal nerves, sympa 
thetic chain ganglia, coccygeal ganglia, greater splanchnic 
nerve, lesser splanchnic nerve, inferior mesenteric ganglion, 
celiac ganglion, Superior mesenteric ganglion and lumber 
splanchnic nerves. 


