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    Yin-Yang is a key concept in traditional Chinese medicine. In this paper I explain the relationship 
of Yin-Yang and the parasympathetic and sympathetic system. Our body uses both the sympathetic 
and the parasympathetic system to balance our body. Yin is related to the parasympathetic system, 
and Yang is related to the sympathetic system. In addition, there are also secondary messenger 
systems which match Yin-Yang. The parasympathetic system is mediated by NO-cGMP, and the 
sympathetic system is mediated by CO-cAMP. NO & CO are hydrophobic secondary messengers, and 
cGMP & cAMP are hydrophilic secondary messengers.
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   The concept of Yin-Yang is very important in 
traditional medicine. Yin-Yang is the leading 
rule of eight principal syndromes which are Yin-
Yang, Hypofunction-Hyperfunction, Cold-Heat, 
and Exterior-Interior. The fine antagonism and 
balance of Yin-Yang in our body can prevent us 
from contracting diseases. The concept of Yin 
and Yang is also used in traditional medicine 
for medication treatment. However, what is 
Yin? What is Yang? The important concept 
is not matched to current modern western 
medicine. Thus, the concept of Yin-Yang is not 
easily accepted by western people for disease 
treatment. There are many aspects of Yin-Yang 
in medicine. Here, I will propose my hypothesis 
of Yin and Yang to relate to the parasympathetic-
sympathetic system in modern medicine.
    Yin is related to the parasympathetic system, 
and Yang is related to the sympathetic system. 
In the parasympathetic system, the key intra-
cellular molecules are cGMP & NO (Nitrogen 
monoxide)as the secondary messengers. In 
the sympathetic system, the key intracellular 
molecules are cAMP & CO (Carbon monoxide) as 
the secondary messengers. There is, therefore, 
a balance between the parasympathetic nerve 
system and the sympathetic nerve system. 
cGMP-NO and cAMP-CO, which antagonize each 
other, allow the parasympathetic system and the 
sympathetic system to antagonize each other. 
Thus, the result is a fine balance for our body. 
Because of the fine balance, our body can avoid 
contracting diseases. If the parasympathetic 
system is much stronger than the sympathetic 
system, this condition is called Yn syndrome. If 
sympathetic system is much stronger than the 
parasympathetic system, this condition is called 
Yang syndrome. As a result, an individual can 
contract a disease.
   In the characteristics eight principal syn-
dromes, the Yang syndrome has the following : 
excited-maniac, a flushed face, hatred of heat, a 
loud voice, a dry stool, dark urine, thirst, a cold 
drink lover, a red tongue, and a strong pulse. The 
Yin syndrome has the following characteristics: 
a depression, a pale face, cold extremities, a 
low voice, a watery stool, clear urine, no thirst, 
a hot drink lover, a pale tongue, and a weak 
pulse. This can match the function of the sym-
pathetic system and the parasympathetic 
system. The sympathetic system, which has a 
fight-and-run response, will cause alertness and 
anxiety. Thus, it will causes excite and anger. 
Blushing is an emotional anxiety. The facial 
veins have alpha-adrenoreceptors and beta-

adrenoreceptors. The facial veins have alpha-
adrenoreceptors and beta-adrenoreceptors. At 
the anxiety sympathetic signal will activate the 
adrenoreceptors on the facial veins, blushing 
often happens. That is the reason why not say 
Yang syndrome is a flushed face [1]. In addition, 
sympathetic innervations can also cause swea-
ting. That may be the reason for the hatred of 
heat. The sympathetic branch of the superior 
laryngeal nerve can decide both the pitch and 
the loudness of your voice. When you are excited 
and speak with an up-regulated sympathetic 
tone, you will have a loud voice. The para-
sympathetic nerve cause lower GI motility and 
the sympathetic nerve is the opposite. If the 
lower GI moves very slowly, the water content 
will be excessively absorbed by the large 
intestine. Thus, the up-regulated sympathetic 
tone will cause a dry stool. Sympathetic nerve 
activation causes water and sodium retention. 
Because the water retention, the patient will 
void dark urine. Thirst is an effect of anti-
cholinergic medication. Thus, the patients with 
similar over-activated sympathetic tone will 
be thirsty, cold drink loving individual with a 
red tongue. Finally, the sympathetic nerve will 
increase an individual’s heart rate and pulse rate 
as well as cardiac contractility. Thus, the heart 
will be a strong pulse.
  As  for  the parasympathetic  “Yin”,  the 
situations are the opposite. Since the sym-
pathetic tone is a fear-and-fight response and 
the parasympathetic is for restful tone, the Yin 
syndrome will appear depressive. Although 
the pale face in a parasympathetic tone is 
compared to flushing in the sympathetic tone, 
a sympathetic fear-and-fight reaction can also 
cause pale face. Chillness and extremity coldness 
is now considered as autonomic dysfunction. 
Because the sympathetic branch is related to 
both the loudness and the high pitch of voice, 
parasympathetic overactivity will result in a 
low voice. Parasympathetic innervations will 
increase bowel motility and then reduce water 
absorption. Watery diarrhea is usually related to 
the overactivity of the parasympathetic system. 
Thus, high parasympathetic is related to watery 
stools. During micturition, parasympathetic 
stimulation causes the detrusor muscle to 
contract and the internal urethral sphincter to 
relax. Thus, at the parasympathetic nerve is 
related to urine/water expelling, it is related to 
urine. Because anti-cholinergics cause thirst, 
the up-regulated parasympathetic activity will 
cause non-thirst, a desire for hot drink and a 
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pale tongue with whitish and slippery coating. 
Finally, at the parasympathetic nerve will 
decrease both an individual’s heart rate, pulse 
rate and cardiac contractility, it is related to 
person’s weak pulse. 
   Macroscopelly, parasympathetic/sympathetic 
is associated with Yin/Yang. Dose microscopelly 
have a machinery of antagonism and balance in 
a cell? I think it is in the cGMP/cAMP secondary 
messenger system. Dr. Goldberg in 1975 first 
proposed the cGMP-cAMP Yin-Yang hypothesis, 
and here I would like to extend his hypothesis to 
a boarder view [2]. cGMP is made of guanine (G), 
a kind of purine. cAMP is made of adenine (A), 
also a kind of purine. However, the –NH2 group 
of A and G is appears as almost in the opposite 
direction in chemical composition. Thus, the 
two kinds of purines can be used in a cell as the 
balancing to machinery corresponding to the 
parasympathetic system and the sympathetic 
system. cAMP should be related to sympathetic 
nerve activation, and cGMP should be related 
to parasympathetic nerve activation [3]. I will 
describe the opposite function of cAMP and 
cGMP below.
    As for cAMP, it has multiple functions in diffe-
rent cells or organs. It works via activating 
protein kinase A. PKA phosphorylates proteins 
that have the motif Arginine-Arginine-X-
Serine exposed, in turn (de)activating the 
proteins. In adipocyte, epinephrine binds to the 
beta adrenergic receptor to activate a second 
messenger cAMP. The final result is lipase 
stimulation and lipolysis. In skeletal myocytes, 
epinephrine also binds to a beta adrenergic 
receptor to activate a second messenger 
cAMP. The final results are glycogenolysis and 
glycolysis stimulation as well as glycogenesis 
inhibition. In cardiac myocyte, norepinephrine 
binds to a beta adrenergic receptor to activate 
a second messenger cAMP. The final result is 
a calcium sequestering and a myocyte con-
traction [4]. In hepatocyte, epinephrine binds 
to a beta adrenergic receptor to activate a 
second messenger cAMP. The final result 
is a production of glucose via stimulating 
glycogenolysis, inhibiting glycogenesis, sti-
mulating gluconeogenesis, and inhibiting glyco-
lysis. In a cardiovascular smooth muscle cell, 
epinephrine also binds to a beta2 adrenergic 
receptor to activate a second messenger cAMP. 
The net result is vasoconstriction or vaso-
dilation. In a kidney juxtaglomeruler cell, a sym-
pathetic agonist binds to either a beta or an 
alpha2 adrenergic receptor to activate a second 

messenger cAMP. The net result is a rennin 
secretion [5]. 
    As for cGMP in many cells or organs, it has 
many contrasting functions compared to cAMP. 
It works via activating the protein kinase G. The 
substrate amino acid sequence consensus motif 
for PKG appears to require more multiple basic 
residues than PKA does (consensus -R/K2-3-
X-S/T-N). N is a neutral amino acid. In contrast 
to PKA whose target motif is R-R/K-X-S/T-B, in 
the beginning PKA’s motif has less basic amino 
acids and there should be a hydrophobic amino 
acid (B) after the Ser or Thr [6]. In adipocyte, 
acetylcholine binds to muscarinic [3] receptor 
to activate a second messenger cGMP [7,8]. 
The net result is lipogenesis. This is opposite 
to the action of a cAMP sympathetic system. 
In a skeletal myocyte, cGMP can enhance glu-
cose oxidation. In a cardiac myocyte, cGMP can 
reduce contractility [4]. In a vascular smooth 
muscle with intact endothelium, cGMP can 
cause vasodilation. cGMP also acts on skeletal 
muscle [9]. These all are opposite to cAMP’s 
actions [10]. 
    If we compare the consensus motif of target 
protein for PKA and PKG, we can see they are 
basically the same. Here, I propose that PKA 
phosphorylate is not nor the target but PKG 
dephosphorylate is the target since the two 
enzymes antagonize each other. We know at the 
enzymes are bi-directional both will depend on 
their reactants concentrations. In the situations, 
the ATP concentration for PKA or PKG reaction 
is important. If the ATP is excessive in a cell, 
then the protein phosphorylation will tend to 
occur when using one molecule of ATP. Thus, 
ATP should be excessive in a PKA reaction. 
In sympathetic-cAMP signaling, glucose pro-
duction is driven by using excessive ATPs. 
Thus, gluconegenesis stimulation, glycolysis 
inhibition, glucogenolysis stimulation, and 
glucogenogenesis inhibition tend to occur when 
excessive ATPs and activated corresponding 
enzymes. On the other hand, ATPs are locking 
when there is at present parasympathetic-
cGMP signaling. Thus, PKG will tend to dephos-
phorylate the target protein to release ATP. 
Another reaction which generates ATP will also 
tend to occur. This condition is the Yin-Yang 
modification for cellular physiology [11,12].  
    Besides cGMP and cAMP, NO and CO mole-
cules are used as secondary messengers in our 
body. The reason why gaseous molecules are 
used is that they are hydrophobic and can easily 
transmit through the membrane structure of or 
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in the cell (cellular membrane and organelles). 
cGMP and cAMP are hydrophilic, so they can be 
only used as cytosolic messenger transmitters. 
It is worth noting that Nitrogen has 5 electrons 
in the outer layer of its’ atom and Carbon has 
4 electrons in the outer layer of its’ atom. NO 
is a free radical with one unpaired electron. 
It is like a nucleophile. On the contrary, CO is 
an electrophile which usually accepts other 
massive electron atoms. Thus, we can conclude 
that the functions of both CO and NO are 
opposite to each other.
   As for CO & NO, CO administration can 
cause bronchodilation, vasoconstriction with 
intact endothelium, and increased heart rate 
[13−15]. Chronic CO intoxication can cause 
poor adipocyte formation to reduce obesity. 
These are all similar to the sympathetic system 
effect. cAMP can activate heme oxygenase 
which is responsible for CO synthesis in our 
body. In turns, CO can activate adenylyl cyclase 
to generate more cAMP [16]. This is a positive 
feedback route. On the other hand, cGMP can 
up-regulate nitric oxide synthase to generate 
NO. In turn, NO can activates guanylyl cyclase 
to generate more cGMP. This is also a positive 
feedback route. NO administration can cause 
bronchoconstriction, vasodilation with intact 
endothelium, and decreased heart rate with 
a reducing preload [9,17]. Thus, NO-cGMP is 
responsible for the parasympathetic system. 
   Sympathetic-parasympathetic balance 
or antagonism is just a case of Yin-Yang in 
our body. Yin-Yang is not simply equal to 
parasympathetic-sympathetic. There are also 
lots of examples of Yin-Yang in our body. For 
example, androgen and estrogen are for male 
and for female, respectively. RNAi is to suppress 
expression of gene and protein is to show 
expression of gene. However, sympathetic-
parasympathetic balance and antagonism 
is important to physiology. For example, 
sympathetic nerve will increase our heart 
rate, but parasympathetic nerve will reduce 
our heart rate. The balance will let our heart 
rate in the normal range. During the fear-and-
fight situation, sympathetic system will be 
activated to enhance heart beat to face the 
stressful environment. During sleep or rest, 
parasympathetic system will be activated to let 
us calm down. Thus, this kind of antagonism or 
balance is very important. It is also important 
to have RNAi and protein balance. Generally, 
protein can execute DNA function, and RNAi 
can shot down DNA function. Thus, by means 

of this antagonism, our cell can turn on or off a 
gene to face different environment. Yin-Yang is 
very important for maintaining our body.

Conclusion

   The concept of Yin-Yang of traditional 
Chinese medicine can be related to the balance 
of the sympathetic and the parasympathetic 
systems. The sympathetic system is mediated 
by secondary messengers: hydrophobic CO and 
hydrophilic cAMP. The parasympathetic system 
is mediated by second messengers: hydrophobic 
NO and hydrophilic cGMP. The antagonism or 
balance of the two systems can well explained 
the physiological functions of our body. 
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傳統醫學陰陽與副交感（一氧化氮 -環鳥苷酸）
以及交感（一氧化碳 - 環腺苷酸）平衡

胡萬炯 *

中醫藥臨床研究組，衛生福利部國家中醫藥研究所，台北，台灣

陰陽為傳統中國醫學之要素。在此論文，我解釋陰陽的概念與副交感和交感神經系統之
關係。我們的身體用交感和副交感系統來做平衡。陰與副交感神經有關而陽與交感神經有關。
此外，存在有二級傳導物質與陰陽相符合。副交感神經由一氧化氮及 cGMP 來媒介而交感神
經則透過一氧化碳及 cAMP 來媒介。一氧化氮和一氧化碳是疏水性二級傳導物質而 cGMP 和
cAMP 是親水性二級傳導物質。

關鍵字：交感、副交感、一氧化碳、一氧化氮、環腺苷酸、環鳥苷酸
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