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ANALJEZİK ETKİLİ BAZI POLİFENOLLERİN DORSAL KÖK GANGLİYON 
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Ahmed Abduljalil Radman HASAN 

Farmakoloji Anabilim Dalı 

Anadolu Üniversitesi, Sağlık Bilimleri Enstitüsü, Haziran 2021 

Danışman: Prof. Dr. Yusuf ÖZTÜRK 

 

Ağrı, hastaların üretkenliğini sınırlayan ve yaşam kalitesini düşüren sağlık 

sorunlarından biridir. Birçok analjezik ajan varlığına rağmen, bunların güvenlikleri ve 

yan etkileri konusunda büyük bir endişe vardır. Kersetin ve diğer bazı polifenoller, 

antienflamatuar, analjezik ve antioksidan ajanlar olarak önem taşımaktadır. Bu çalışma, 

üç test maddesinin (rozmarinik asit, kersetin ve gallik asit) hücre uyarılabilirliği ile ilgili 

parametreler açısından etkisini araştırmak için primer dorsal kök ganglion hücreleri 

üzerinde gerçekleştirilmiştir. Patch clamp tekniğinin tüm hücre konfigürasyonu, toplam 

dışa doğru akımları ve aksiyon potansiyeli parametrelerini değerlendirmek için 

kullanılmıştır. Kontrol grupları, aynı hayvandan alınan aynı test hücre gruplarıdır. 

Dorsal kök ganglion hücrelerinden alınan elektrofizyolojik kayıtlar, rosmarinik asit, 

kersetin ve gallik asidin, test edilen membran potansiyeli aralığında maksimum K+ 

iletkenliğini önemli ölçüde azalttığını ve tepe akımı ve iletkenliği daha pozitif membran 

potansiyellerine kaydırdığını göstermiştir. Buna ek olarak, kimyasalların 

uygulanmasından sonra, K+ akımları için sonuç olarak gözlemlenen etkiye benzer 

şekilde, aksiyon potansiyeli parametreleri belirgin bir inhibisyon yönünde değişmiştir. 

Elde edilen sonuçlar, maddelerin K+ akımları üzerindeki indüklediği inhibisyonun 

konsantrasyona bağlı olmadığını göstermektedir. Sonuç olarak, bu çalışmada kullanılan 

fitokimyasalların ağrıyı hafifletme potansiyeline sahip olduğunu açıkça ortaya 

konmuştur ve bu çalışmaya dayalı daha ileri araştırmalar etkili bir yaklaşım 

sağlayacaktır.  

Anahtar Sözcükler: Kersetin, Gallik asit, Rozmarinik asit, Patch clamp, Ağrı. 
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ABSTRACT 

ELECTROPHYSIOLOGICAL EFFECTS OF SOME ANALGESIC POLYPHENOLS 

ON DORSAL ROOT GANGLIA NEURONS 

 

Ahmed Abduljalil Radman HASAN 

Department of Pharmacology 

Anadolu University, Graduate School of Health Sciences, June 2021 

Supervisor: Prof. Dr. Yusuf OZTURK 

 

Pain is one of the conditions that limit the productivity and decrease the quality of 

life of affected patients. Despite the presence of plenty of effective analgesic, there is a 

great concern regarding their safety and adverse effects. Quercetin and some other 

polyphenols play an important role as anti-inflammatory, analgesic, and antioxidant 

agents. This study was performed on acutely dissociated dorsal root ganglion cells to 

investigate the effect of three agents (rosmarinic acid, quercetin, and gallic acid) in 

terms of parameters about cell excitability. The whole cell configuration of the patch 

clamp technique has been used to evaluate total outward currents and action potential 

parameters. Control groups were the same test cell groups taken from the same animal. 

Electrophysiological recordings from dorsal root ganglion cells showed that rosmarinic 

acid, quercetin, and gallic acid significantly reduce maximal K+ conductance over the 

membrane potential range tested and shift the peak current and conductance towards 

more positive membrane potentials. Action potential parameters have been changed 

after the administration of the chemicals in favor of an inhibition, like the effect 

observed consequently for K+ currents. Results obtained indicates that the inhibition on 

K+ currents the substances induce is not concentration dependent. In conclusion, this 

study clearly presented that the phytochemicals used have the potential to be promising 

drugs to relieve pain and further research based on this study will provide an efficient 

approach. 

Keywords: Quercetin, Gallic acid, Rosmarinic acid, Patch clamp, Pain.  
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1. INTRODUCTION 

1.1. Background 

There are many different types of  flavonoids which consist of polyphenolic 

groups, so quercetin, GA and RA considered of the best naturally occurred flavonoids, 

abundantly found in vegetables, fruits and other herbs [1]. They are bioactive 

compounds that have been extensively studied because of their extraordinary ability to 

act as pro-oxidants in high doses or antioxidants in low doses depending on their 

concentrations [2]. There is a lot of evidence advocating that these polyphenols have 

pharmacological actions and therapeutic potential for treatment and prevention of 

different diseases. They have been described as cellular protective agents for their 

antioxidant activity, as well as their anti-inflammatory and antinociceptive effects. Also 

they have been proven to affect lipid level [3–5].  

1.2. Objective 

However, there is not enough knowledge about the electrophysical effects of these 

polyphenols on the currents in the dorsal root ganglia (DRG) neurons, especially for the 

parameters studied in this thesis work. This study has been conducted in vitro to 

investigate the electrophysiological effects of the test chemicals on DRG of the rats and 

exhibiting the effect on potassium (K+) current and action potential (AP) parameters , so 

that these phytochemicals may could be more in the focus of pain research. 

  

https://en.wikipedia.org/wiki/Na%2B/K%2B-ATPase
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2. LITERATURE REVIEW  

2.1. Polyphenols 

Polyphenols are a class of the molecules that has been associated with therapeutic 

action in several pathologies. They are present essentially in fruits, vegetables, cereals, 

legumes and chocolate. Some fruits like grapes, apples, cherries and red fruits contain 

up to 200-300 mg of polyphenols per 100 g of fresh weight [4]. We ingest 10 times 

more of these compounds than Vitamin C [6]. 

At the end of the last century, there was strong scientific evidence, linking long-

term polyphenol intake to a protective effect on diseases (Figure 2.1) such as cancer, 

cardiovascular, neurodegenerative diseases, asthma, diabetes, inflammatory diseases, 

osteoporosis and aging [3, 4]. 

 

Figure 2.1. Potential action of polyphenols in different pathologies [4]. 

 

 Rosmarinic acid 

Rosmarinic acid (RA), is a phenolic compound derived from caffeic acid and 3,4-

dihydroxyphenylacetic acid isolated for the first time in 1958, commonly found in 

medicinal plants such as rosemary (Rosmarinus officinalis), melissa (Melissa 

officinalis), and sage (Salvia officinalis). RA has a number of pharmacological activities 

https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwj8t4Sl-bDwAhUV-FEKHXUcDAcYABAAGgJ3cw&ae=2&ohost=www.google.com&cid=CAESQOD28HO_Kn0SSYvohZav8prrTQ86Ls59KqKieojepc-3rDfFKZknPLnyPVxvQCTD9HoIb8FWbNxn8JFbNlnnVGw&sig=AOD64_0QblT6NfFFip6S5DWxL7Y5AiqkYg&q&adurl&ved=2ahUKEwjsi_2k-bDwAhVmx4UKHYpQDmEQ0Qx6BAgEEAE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwj8t4Sl-bDwAhUV-FEKHXUcDAcYABAAGgJ3cw&ae=2&ohost=www.google.com&cid=CAESQOD28HO_Kn0SSYvohZav8prrTQ86Ls59KqKieojepc-3rDfFKZknPLnyPVxvQCTD9HoIb8FWbNxn8JFbNlnnVGw&sig=AOD64_0QblT6NfFFip6S5DWxL7Y5AiqkYg&q&adurl&ved=2ahUKEwjsi_2k-bDwAhVmx4UKHYpQDmEQ0Qx6BAgEEAE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwj8t4Sl-bDwAhUV-FEKHXUcDAcYABAAGgJ3cw&ae=2&ohost=www.google.com&cid=CAESQOD28HO_Kn0SSYvohZav8prrTQ86Ls59KqKieojepc-3rDfFKZknPLnyPVxvQCTD9HoIb8FWbNxn8JFbNlnnVGw&sig=AOD64_0QblT6NfFFip6S5DWxL7Y5AiqkYg&q&adurl&ved=2ahUKEwjsi_2k-bDwAhVmx4UKHYpQDmEQ0Qx6BAgEEAE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwj8t4Sl-bDwAhUV-FEKHXUcDAcYABAAGgJ3cw&ae=2&ohost=www.google.com&cid=CAESQOD28HO_Kn0SSYvohZav8prrTQ86Ls59KqKieojepc-3rDfFKZknPLnyPVxvQCTD9HoIb8FWbNxn8JFbNlnnVGw&sig=AOD64_0QblT6NfFFip6S5DWxL7Y5AiqkYg&q&adurl&ved=2ahUKEwjsi_2k-bDwAhVmx4UKHYpQDmEQ0Qx6BAgEEAE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwj8t4Sl-bDwAhUV-FEKHXUcDAcYABAAGgJ3cw&ae=2&ohost=www.google.com&cid=CAESQOD28HO_Kn0SSYvohZav8prrTQ86Ls59KqKieojepc-3rDfFKZknPLnyPVxvQCTD9HoIb8FWbNxn8JFbNlnnVGw&sig=AOD64_0QblT6NfFFip6S5DWxL7Y5AiqkYg&q&adurl&ved=2ahUKEwjsi_2k-bDwAhVmx4UKHYpQDmEQ0Qx6BAgEEAE
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observed in several in vitro and in vivo studies [7], such as antiviral, antibacterial, anti-

inflammatory, antitumor and antioxidant [8–11]. 

 An important characteristic of RA is its considerable antioxidant capacity, which 

is largely responsible for its neuroprotective action, through its the scavenging activity 

on the reactive oxygen species (ROS) such as peroxynitrite and hydrogen peroxide [12]. 

In addition, due to its ability to decrease cell damage induced by ROS, RA also has anti-

apoptotic activity, especially by increasing the potential of mitochondrial membrane and 

inhibiting caspase-3 activity [13].  

With the evidence that RA has an important antioxidant effect, interest arises to 

verify whether it has any neuroprotective effect in models of neurodegenerative diseases 

related to the production of ROS. In in vivo studies, using models of Alzheimer's 

disease and amyotrophic lateral sclerosis in mice, it was demonstrated that RA 

significantly reduced the memory deficit associated with neurotoxicity induced by the 

Aβ25-35 protein, delaying the disease onset and prolonging life expectancy in 

transgenic mice that express the copper zinc superoxide dismutase gene [14, 15]. In 

other studies it was illustrated that cognitive deficits induced by hypoxia/ischemia was 

improved and RA promoted the proliferation of oligodendrocytes in the subventricular 

zone [16]. In addition, it has been shown that RA has an important anticholinesterase 

action in in vitro experiments, and these results are important to explain the effect of 

improving memory disorders [17]. It has also been demonstrated that RA has a 

neuroprotective effect in the in vivo model of Parkinson's disease induced by 6-

hydroxydopamine (6-OHDA) in rats. In that study, the authors demonstrated that RA 

has an important protective effect on dopaminergic neurons against 6-OHDA-induced 

neurotoxicity through its antioxidant and anti-apoptotic properties, indicating its 

potential in the treatment of Parkinson's Disease [18, 19]. 

RA also has important cardiovascular effects. A study on the effects of RA on the 

formation of atherosclerotic plaque in mice deficient in apolipoprotein E showed that 

this substance can reduce the concentrations of total cholesterol, triglycerides, and low-

density lipoproteins, decreasing the atherosclerotic plaque in the aortic cavity. Thus, it 

was concluded that RA can inhibit the progression of atherosclerosis, which is probably 

related to the actions in the regulation of lipid metabolism and in the inhibition of the 

inflammatory reaction that occurs during the progression of atherosclerosis [20]. It also 

https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwj8t4Sl-bDwAhUV-FEKHXUcDAcYABAAGgJ3cw&ae=2&ohost=www.google.com&cid=CAESQOD28HO_Kn0SSYvohZav8prrTQ86Ls59KqKieojepc-3rDfFKZknPLnyPVxvQCTD9HoIb8FWbNxn8JFbNlnnVGw&sig=AOD64_0QblT6NfFFip6S5DWxL7Y5AiqkYg&q&adurl&ved=2ahUKEwjsi_2k-bDwAhVmx4UKHYpQDmEQ0Qx6BAgEEAE
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwj8t4Sl-bDwAhUV-FEKHXUcDAcYABAAGgJ3cw&ae=2&ohost=www.google.com&cid=CAESQOD28HO_Kn0SSYvohZav8prrTQ86Ls59KqKieojepc-3rDfFKZknPLnyPVxvQCTD9HoIb8FWbNxn8JFbNlnnVGw&sig=AOD64_0QblT6NfFFip6S5DWxL7Y5AiqkYg&q&adurl&ved=2ahUKEwjsi_2k-bDwAhVmx4UKHYpQDmEQ0Qx6BAgEEAE
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has been shown that RA mitigated cardiomyocytes apoptosis and improving 

doxorubicin-induced cardiotoxicity [21]. 

 

Figure 2.2. Chemical structure of RA 

 

Many studies have shown that RA has a significant anti-inflammatory effect in 

different animal models. The first anti-inflammatory properties of RA have been 

demonstrated through its ability to block complement fixation and inhibit lipoxygenases 

and cyclooxygenases [22]. According to results published in 2021, RA exerts a 

neuroprotective effect and inhibits lipopolysaccharide (LPS) induces neuroinflammation 

causing memory impairment and increase cognitive decline [23]. Another study 

published in 2020 showed that RA inhibits inflammation induced by LPS in peripheral 

blood mononuclear cells [24]. RA also reduces the concentrations of IL-4 and IL-5 in a 

model of respiratory allergy and decreases the production of Tumor necrosis factor 

alpha (TNF-α), IL-6 and IL-1β in a LPS-induced lung injury model [25, 26]. 

The normal functioning of the Nuclear Factor Kappa B (NF-κB) is important for 

the balance between life and death of the cell. TNF-α is a potent activator of NF-κB, 

which in turn is a potent inducer of TNF-α. This positive feedback is the key to chronic 

inflammatory conditions, such as rheumatoid arthritis. Standard therapy for these 

conditions includes NF-κB blockers, such as acetylsalicylic acid and glucocorticoids. 

However, these drugs have considerable adverse effects that limit their use in humans. 

RA, being a non-toxic regulator of TNF-α-induced NF κB activation, appears to be a 

promising substance in the treatment of diseases involving inflammation, it also has 

activity in induced-arthritis using Freund’s complete adjuvant in Wistar rats [27–29]. 



5 
 

The action of RA on cancer has been studied in melanogenesis in B16 melanoma 

cells, RA was able to induce melanin synthesis by activating protein kinase A (PKA), 

and thus, acting as a preventive against skin cancer [30]. This substance also had a 

stimulating action on the expression of tyrosinase in vitro, a key enzyme of 

melanogenesis, and the ability to inhibit skin cancer caused by exposure to UVA 

radiation, which can be studied as a possible photoprotective agent [31]. Researchers 

have illustrated that microtubule affinity regulating kinase (MARK4) that control the 

early steps of cell division is considered a potential target for RA, where it is inhibited 

by RA [8]. 

The effect of RA on ion channels, particularly voltage-gated channels, is currently 

unknown, and there is little known about the effect. It was illustrated that the effect of 

RA on T-type calcium channels (TTCCs) using the patch-clamp technique in whole-cell 

configuration, TTCCs play an important role in the neuronal excitability, sensory 

process, neuroprotection, and sleep, Electrophysiological recordings were conducted on 

TTCCs (CaV3.2) expressed in HEK-293T cells, the results showed significantly 

inhibition of  CaV3.2 current in a concentration dependent manner and  shifted the 

steady state of inactivation towards more negative value [32].  

 Gallic acid 

Gallic acid (GA) (3, 4, 5-trihydroxybenzoic acid) is a polyphenol produced 

naturally in plants which is found in herbal foods, beer, red wine, green tea, and 

pomegranate. Its most important source is tea. It was also obtained from oak trees, 

chestnuts, and grapes. In a study conducted on rats the results showed that GA has 

protective activity to lysosomal membrane against isoproterenol that induce cardiotoxic 

damage and returns lysosomal enzyme activity to near the normal level, this protective 

effect of GA is due to its anti-oxidant and anti-peroxidation effects [33, 34]. Moreover, 

it is involved in the prevention of arteriosclerosis [35]. GA has been described as a 

powerful natural antioxidant scavenging ROS, such as superoxide anion, hydrogen 

peroxide, hydroxyl radicals [36]. In addition to its antioxidant effects, GA has 

antifungal, antiviral and antitumor effect and cytotoxic effects on some cancer cells 

[37]. In a study on diabetes, GA was found to have antihyperglycemic and antilipidemic 

effects in streptozotocin (STZ)-induced type II diabetic rats [38]. 

GA has been demonstrated to have neuroprotective activities, a cerebral ischemia 

model was created, and GA treatment was applied on oxidative stress due to ischemia, 
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they concluded that it would be useful in reducing neuronal damage caused by cerebral 

ischemia [39]. 

Another study of GA to investigate its neuroprotective effect, a chronic stress 

model was created and behavioral changes caused by stress were evaluated in terms of 

locomotor activity, anxiety-like behaviors and memory retention, the results obtained 

revealed that trimethyl GA esters could correct the chronic stress induced behavioral 

and biochemical changes [40]. Sarkaki and his collegues tried GA against the effects of 

traumatic brain damage on behavioral, electrophysiological, and inflammatory 

disorders. They emphasized that GA improved hippocampal long term potentialization 

indexes and consequently memory functions, inflammatory parameters are improved, 

and as a result, it has a neuroprotective effect [41]. 

 

Figure 2.3.  Chemical structure of GA 

 

The GA was identified as (Transient Receptor Potential ankyrin1) TRPA1 

antagonist and presented antiedematogenic and antinociceptive effects [42]. A recent 

study using whole cell patch clamp technique investigated the effect of GA on cardiac 

electrophysiological properties such as its effect on voltage gated sodium channel 

current and aconitine induced arrythmia they found that GA inhibited INa in rat 

ventricular myocytes and aconitine induced arrythmia, so it may serve as a potential 

anti-arrhythmic and cardio-protective agent [43]. GA has been demonstrated to have 

therapeutic effect on the volage gated K+ channels (KV) in the plasma membrane of 

prostate cancer cells [44]. 
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 Quercetin 

Quercetin is considered one of the most common type polyphenols (3,3ʹ,4ʹ,5,7-

pentahydroxyflavone) of low molecular weight that  exists in human diet mainly in 

onion, tomato, apple and other red-colored vegetables and fruits [45]. It has been 

reported to have Antioxidant [46, 47] anti-inflammatory, antiallergic, cardiovascular 

protective effect [47, 48] anticoagulant, anti-ischemic effects [49] and anticarcinogenic 

[50]. It has also been reported that quercetin alleviates diabetic neuropathy in mice [51], 

suppresses the expression of high glucose-induced pro-inflammatory cytokine [52], and 

causes a decrease in plasma corticosterone levels [46]. 

 

 

Figure 2.4. Chemical structure of quercetin. 

 

The effects of quercetin on the central nervous system have been examined. 

Quercetin was shown to have adrenoreceptor-mediated antinociceptive effects [53], 

anxiolytic and antidepressant effects [54, 55]. Quercetin has been reported to shorten 

the immobility period in diabetic mice [56]. In addition, it was reported that it has an 

improving effect on learning and memory [57], and in a study conducted on Alzheimer's 

model in mice, chronically administered quercetin improved memory in elderly subjects 

without impairing locomotor activity [58]. This flavonoid exerts a neuroprotective 

effect on ischemia and reperfusion-induced brain damage and in focal ischemia model 

[59, 60], improving the biochemical and behavioral effects of stress [61, 62] and high 

dose may cause sedative effect [63]. Its positive effects on diabetic neuropathy have 

also been demonstrated [64]. 
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The effect of quercetin as an analgesic has been demonstrated in alcoholic 

neuropathy model, the results showed that quercetin attenuated allodynia and reduced 

hyperalgesia [65]. In spared nerve injury rat model quercetin attenuated mechanical 

allodynia and suppressed the development of neuropathic pain [66]. The effect of 

quercetin on diabetic neuropathic pain in the DRG have been evaluate, the data showed 

that thermal withdrawal latency and mechanical withdrawal threshold were higher in the 

rats treated with quercetin and P2X4 expression was inhibited and for HEK293 cells 

transfected with P2X4 receptors the findings demonstrated that quercetin inhibited ATP- 

activated current, decrease upregulation of P2X4 receptor in DRG [51]. 

2.2. Pain 

The International Association for the Study of Pain (IASP) defines pain as "an 

unpleasant sensory and emotional experience associated with actual or potential tissue 

damage or described in terms of such damage". The perception of acute pain is a vital 

protective function for the body of humans and animals to prevent any tissue damage. 

However, if the pain persists for a long time, the quality of daily life is impaired. About 

20% of world’s population suffers from chronic pain, usually caused by tissue damage, 

surgery, tumors or systemic diseases, such as Diabetes [67, 68], One aspect of chronic 

pain is neuropathic pain, It is caused by direct nerve damage or dysfunction. It is 

described as stabbing, burning and predominantly persistent pain, without any 

inflammation or tissue damage at the innervation area. Conditions of allodynia (a non-

painful stimulus is perceived as painful) and hyperalgesia (a mildly painful stimulus 

causes much greater pain) arise [69]. Many of these patients receive only inadequate 

treatment, as non-steroidal anti-inflammatory drugs and opioids usually do not have a 

sufficient effect, or due to the increasing side effects cannot use sufficiently high doses 

[70, 71]. 

 Classification of pain 

Pain is one of the main causes of consultation in the doctor. Studies show that 

chronic pain affects approximately 20% of the world’s population, with a higher 

incidence in the elderly (33%) [72]. Thus, pain, including pathological pain is 

considered a major social problem, with a significant economic cost. 

2.2.1.1. According to the duration 

Pain can be classified according to duration; acute, chronic, etc. Acute pain is 

considered a wake-up call for the body, which helps to plan an appropriate response. 
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thus, it ensures the physical integrity of the organisms. it is limited in time and 

disappear with the resolution of the pathological process. As a result, individuals, 

human or animal, with congenital diseases that prevent the development of pain, or 

nociception, have serious lesions that limit their survival [73]. 

In contrast, chronic pain persists for 3-6 months, by definition of IASP the chronic 

pain is "pain which has persisted beyond normal tissue healing time" As a result, they 

lose their productive value and become disabled. Chronic pain is often associated with 

other pathologies such as depression, cognitive problems, sleep disorders. Clinically, 

social status, mental health, and patient history are also likely to influence the onset and 

maintenance of chronic pain [74].  

2.2.1.2. According to the mechanism 

The etiology of pain syndrome is very varied. It can be classified according to the 

mechanism such as: 

 Pain due to excessive nociception  

These types of pain emerge by excessive stimulation of the nociceptors. 

According to the IASP, a nociceptive stimulus is a "stimulus capable of inducing tissue 

injury". There are nociceptive stimuli of thermal, mechanical, and chemical origin. The 

stimulation of the nociceptors activates durably the ways of the pain. It includes post-

traumatic, post-operative, dental and rheumatic pains. 

 Neuropathic pain 

According to the IASP "The pain caused by a lesion or disease of the 

somatosensory nervous system” is called neuropathic pain. These lesions may be due to 

compression, transection, infiltration, ischemia or neuronal metabolic injury or a 

combination of these mechanisms. Depending on the location of the lesion or disease 

neuropathic pain could be of central or peripheral origin [75]. The peripheral includes 

diabetic peripheral neuropathy, postherpetic neuralgia, antineoplastic or Human 

Immunodeficiency Virus sensory neuropathy, tumor infiltration neuropathy, phantom 

limb pain, post-mastectomy pain, complex regional pain syndromes (reflex sympathetic 

dystrophy) and trigeminal neuralgia. The central cause syndromes include multiple 

sclerosis, spinal cord injury, central post-stroke pain and Parkinson's Disease. This type 

of pain is the most common chronic pain and said to be complex because of the 

pathophysiological changes that could affect normal function and pathology of the 
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nerves leading to incorrect signal transmission. The neuropathic prevalence ranging 

from 1% to 8% of the population according to the study [76]. 

Neuropathic pain, different from nociceptive pain, it does not signal imminent 

danger, it is a late response that is no longer acute, but it is expressed as painful 

sensation (Table 2.1). Sensory neurons injured by trauma or medications produce 

spontaneous discharges that lead to sustained levels of excitability, causing peripheral 

sensitization with widening of painful impulses and leading to greater release of 

neurotransmitters causing an increase in the response of spinal cord neurons (central 

sensitization). It is a process known as "windup". 

Its main symptoms are spontaneous pain, hyperalgesia, and allodynia (Table2.1). 

Spontaneous pains are pains produced without stimulation. Hyperalgesia is an increase 

in sensitivity to nociceptive stimuli. Allodynia is a painful sensation produced by a 

painless stimulus. In humans, these pains are secondary to cancers, diabetes, or trauma, 

and they often evolve towards resistance to current pharmacological treatments. 

 

Table 2.1. Symptoms and sensitive signs in neuropathic pain [77] 

Symptom or sign Description 

Hyperalgesia Increased sensitivity to painful stimuli 

Allodynia  
Pain caused by non-painful stimulation. Can be 

mechanical, dynamic, thermal. 

Anesthesia Loss of normal sensitivity in the affected region 

Dysesthesia  
An unpleasant abnormal Sensation, spontaneous or 

provoked 

Hyperpathy 
Exaggerated and late response to a harmful 

stimulus in the affected region. 

Hypoesthesia 
Reduction of normal sensitivity in the affected 

region 

Paresthesia Spontaneous abnormal sensation not painful 

 

Most of the experimental models described below were conducted in rats and 

developed from traumatic, metabolic or toxic peripheral injury [78]. In relation to 

traumatic injuries, there are currently three models of neuropathic pain in rats that are in 

widespread use. The first on is chronic constructive injury [79]. It includes the 

placement of four chrome-plated ligatures on the sciatic nerve. Allodynia, hyperalgesia, 

and possibly spontaneous pain (dysesthesia) were produced. There have been advances 
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in understanding the mechanism of neuropathic pain in human. The second one is 

partial sciatic nerve ligation [80]. Part of the sciatic nerve is tightened by a loop. 

Mechanical and thermal hyperalgesia was produced and served as a model for 

causalgiform quality syndrome and sympathetic maintenance pain. The third one is 

spinal nerve ligation, optimized by Kim and Chung in 1992. One or more spinal nerves 

that go to the paw are tightened by loop and cut. Long-lasting hyperalgesia was 

produced in harmful heat at least for 5 weeks. 

The presence of allodynia generally indicates neuropathic injury; therefore, it is an 

important symptom to define a diagnosis of nervous system impairment. 

Other methods include intraperitoneal injection of STZ to mimic diabetic 

neuropathy, or paclitaxel and vincristine or oxaliplatin for chemotherapy induced 

neuropathy. These are known for the main adverse effect that is the occurrence of 

peripheral sensitive neuropathy. In this sense, several authors have demonstrated this 

effect through experimental animal models in order to study the mechanism by which 

this effect appear [81]. Regarding oxaliplatin-induced neuropathy is still poorly studied 

at the experimental level, with view animal models for its study. The first model was 

developed in 2007 on rats [82], where they administered oxaliplatin in doses of (1.2 or 4 

mg/kg, i.p), twice a week for four and a half consecutive weeks and evaluated with 

behavioral tests through the drugs used to treat neuropathy, such as carbamazepine, 

gabapentin, local anesthetics, calcium chloride and magnesium chloride [83]. Models 

for central pain use contusion (trauma using the force of impact with tissue 

displacement), or ischemic injuries due to slow compression through clamping or 

balloon inflation. Cytotoxic methods employ the injection of glutamate (kainite) analogs 

or substances that allow the injury of specific places of the gray substances. The 

techniques described aim to cause mechanical and thermal hyperalgesia [84, 85] 

 Inflammatory pain 

 The onset of inflammatory processes is followed by an increase in the sensitivity 

of nociceptive neurons, which causes so-called inflammatory pain [86]. It  may be 

secondary to tissue damage or tumorigenesis processes, and it results from the 

combined actions of proinflammatory molecules, such as cytokines, chemokines, 

neuropeptides and prostaglandins, which modify the properties of the receptors and ion 

channels involved in nociception at the peripheral and central levels, thus causing 

hypersensitivity state [87]. 
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 Dysfunctional pain 

 It is related to a dysfunction of the pain control systems without a lesion being 

associated with it. Pathologies, such as fibromyalgia, irritable bowel syndrome or 

tension headache, are the cause of these dysfunctional pains. They caused by 

dysfunction in the endogenous pain inhibition mechanisms [88]. While pharmacological 

treatments remain very ineffective against these types of pain, treatments based on non-

pharmacological approaches are sometimes more effective or suitable. 

 Neuroanatomy and physiology of pain perception 

Pain-inducing signals are perceived via free nerve endings in the skin, converted 

into APs, and transmitted to the brain via the spinal cord through successive neurons 

and their axons (Figure 2.5). This process is commonly referred to as nociception. The 

cell bodies of these primary afferents of the skin are located in the spinal ganglia in the 

spinal canal. They are referred to as pseudounipolar nerve cells, since they have 

apparently only one extension at the perikaryon, but these are actually two extensions, 

of which one branch leads into the periphery (skin) and a second branch into the dorsal 

horn of the spinal cord [89]. In the gray matter of the central nervous system, the signal 

is transmitted via a synapse to a second-order neuron whose axon runs on the contra-

lateral side of the spinal cord to the nuclei in the thalamus. From there, third-order 

neurons relay the signal to various brain cortex regions. Only then is the signal 

processed and perceived as "pain" [90, 91].The pain stimuli triggered in the skin are 

processed and localized among other things in the postcentral gyrus. 

Skin afferents nature and receptor type play a huge role in their stimulation 

whether by mechanical, thermal, and chemical stimuli and therefore can be 

distinguished accordingly. Also, the intensity of the stimulus needed to evoke a 

response plays a role. Mechanoreceptor and thermoreceptors transmit harmless stimuli, 

whereas nociceptors respond to stronger, painful and potentially tissue-damaging 

stimuli [89]. 

The associated conductive fibers of the free nerve endings vary morphologically 

and functionally, according to their size, myelination, and the rate of conduction. The 

Aα / β fibers are the largest fibers. They show a high degree of myelinization and lead 

APs the fastest. Aδ fibers are smaller, thinner myelinated and conduct at a medium 

velocity (> 2 m/s). The thinnest fibers are the unmyelinated C fibers. They lead slowly 

(<2 m/s) and are mainly associated with late, "blunt" pain [92, 93]. The nociceptors 
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described above transmit their signals mainly via C fibers, but also via some Aδ fibers 

[91, 94]. 

 

Figure 2.5. Neuroanatomy of nociception and the fibers carrying pain sensation [95] 

 

The groups of nociceptors are very heterogeneous and can be divided into other 

subgroups. The ability to form and secrete peptides, as well as the expression of certain 

ion channels, receptors, or other surface proteins, characterizes these subgroups. C-fiber 

conductive nociceptors may be classified as a "peptidergic" and a "non-peptidergic" 

population. "Peptidergic" nociceptors have the ability to form and secrete peptides [92, 

93, 96]. Substance P, a neurotransmitter, and calcitonin gene-related protein (CGRP), a 

potent vasodilator, are neuropeptides known to be produced by peptidergic nociceptors. 

In addition, they express tropomyosin receptor kinase A, which is a high affinity 

receptor for nerve growth factor (NGF), a growth factor indispensable for the 

development and differentiation as well as the survival of prenatal neurons [97, 98]. 

"Non-peptidergic" C-fiber nociceptors lack the ability to secrete peptides [89, 99]. 

These nociceptors are comparatively small and have a high affinity for isolectin B4 

(IB4), a lectin from the species Griffonia simplicifolia, which binds to α-D-galactose 

molecules [100, 101].  

Nociceptors also express certain ion channels, such as Transient Receptor 

Potential Vanilloid 1 (TRPV1) and Nav1.8, to which various functions in pain 

generation are attributed [102]. TRPV1 is a heat-sensitive calcium channel that is 

sensitive to temperatures above 42 °C and capsaicin, an ingredient of chili peppers. 

After appropriate stimulation, the influx of divalent cations such as Ca²⁺ leads to 
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depolarization of the cell membrane and thus to the development of an AP [103]. 

Nav1.8 belongs to the tetrodotoxin-resistant, voltage-dependent Na + channels, which 

are particularly important for the transmission of APs and thus of the nociceptive signal 

[94, 99]. It was also shown In 2014 that RIIβ, a regulatory subunit of PKA, is nearly 

exclusively expressed in all nociceptive neurons [104]. Neurofilament 200 can be used 

to immunocytochemically differentiate the unmyelinated C-fiber nociceptors from 

myelinated Aδ neurons, since it is the heaviest neurofilament at 200 kDa and is 

therefore detectable above all in the cytoskeleton of stronger myelinated neurons [94, 

105, 106].  

The cell bodies of the primary afferents lie in the DRG. Based on their isolation, 

numerous findings have already been gained on the structure and function of the 

nociceptors. To determine the composition of this heterogeneous group of neurons, 

antibodies can be used for the proteins. However, many neurons have a polymodality, 

so that they can be stimulated by several types of stimulation such as: Blood pressure 

and heat are activated. Moreover, this polymodality partly reflects in the composition of 

its immunocytochemical "marker proteins". Multiple marker proteins are often express 

by neurons and the majority of these marker proteins are often expressed by several 

subgroups. Nevertheless, it is still possible to identify and characterize subgroups based 

on the density and distribution of their expression [89, 91, 107]. 

 

Table 2.2. Classification of the peripheral nerve fibers. 

Fiber type function 
Mean fiber 

diameter (µm) 
Line speed (m/s) 

Aα 
Primary muscle spindle afferents, motor to 

skeletal muscles 
         15           70-120 

Aβ Skin afferents for touch and pressure           8            30-70 

γA Motorized to muscle spindles           5            15-30 

Aδ 
Skin afferents for temperature and 

nociception 
          ≤ 3            12-30 

B Sympathetic preganglionic efferent            3            3-15 

C 
Skin afferents for nociception, sympathetic 

postganglionic efferent 
           1            0.3-2 
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 Modulation of pain sensitivity 

The perception of pain in the brain by the signal of a nociceptor always requires a 

triggering stimulus that exceeds a certain threshold at the free nerve end and thus 

triggers an AP. However, this threshold is not static but can be modulated by numerous 

influences in each nociceptor [108, 109]. A reduction in the threshold is referred to as 

sensitization. Such influence may be a prior mechanical or thermal stimulus, or even a 

chemical substance exogenous or endogenous, e.g., was increasingly formed in the 

context of an inflammatory reaction. This peripheral sensitization lowers the threshold 

of nociceptors and weaker, usually harmless stimuli can lead to the development of an 

AP. It comes to allodynia and hyperalgesia [89]. 

This state can serve as a warning mechanism in the body, for example, if an 

injured body site should be spared, so as not to interfere with the healing process. 

However, if hyperalgesia persists for longer, it may lead to chronic pain, which cannot 

be adequately treated and gradually leads to an impairment of the quality of life of the 

affected person.  

However, pain sensitivity can be altered not only by changes in peripheral tissue 

but also by the nociceptors themselves. When nerve fibers are damaged by a trauma, 

virus or metabolic changes such as diabetes, they are able to transport even peptides 

such as CGRP and substance P in the periphery and secrete them, causing neurogenic 

inflammation [110, 111]. In addition, there are intracellular changes, which among other 

things lead to an upregulation of ion channels and receptors, which makes the nerve 

more sensitive.  

However, the intracellular mechanisms of sensitization are not fully understood. It 

is known inter alia that some inflammatory mediators (e.g. prostacyclin) by binding to 

corresponding receptors for the activation of adenylate cyclase and thus to the release of 

the secondary messenger cyclic adenosine monophosphate (cAMP) in nociceptors [112, 

113]. The released cAMP activates PKA, which then phosphorylates ion channels, thus 

altering their likelihood of opening. By doing this, the neuronal excitability, and the 

transmission of APs along the axons can be modulated. The activity of PKA has been 

shown to be increased in sensitized neurons and by inhibition with specific inhibitors, 

hyperalgesia can be reduced [114–116]. 

Extracellular signal-regulated kinase 1/2 (ERK1/2) is also believed to play a key 

role in sensitizing nerve cells. In addition to the signaling pathways via PKA and 
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protein kinase C, the signaling pathway to ERK1/2 could be observed as another, 

independent pathway for sensitizing the neurons, although the target proteins regulated 

by it remain largely unclear [117]. After stimulation of membrane-bound tyrosine 

kinases by growth factors or cytokines from the peripheral tissue, various signaling 

pathways lead to phosphorylation and thus activation of ERK1/2 [118]. In this way, For 

example, epinephrine stimulate  the phosphorylation  of ERK1/2 in neurons of the DRG 

via a PKA-independent signaling pathway leads to hyperalgesia [117]. This can be 

reduced again by inhibiting individual components of the signal path to ERK1/2. A 

direct, painful stimulation of the nociceptors also leads to increased ERK1/2-

phosphorylation in the neurons in the animal model [119, 120]. 

Application of NGF also leads to pain sensitization and also activates ERK1/2 in 

this context [121–123]. Likewise, after ligature of the sciatic nerve, increased ERK1/2 

phosphorylation could be measured leading to neuropathic pain [124]. This resulting 

hyperalgesia can be correspondingly reduced by specific inhibition of ERK1/2 

phosphorylation [125], which is why the pain-inducing ERK1/2 signaling pathway is 

also discussed as a therapeutic approach to the treatment of neuropathic pain [119, 126, 

127]. 

 

 

Figure 2.6. Modulation of pain sensitivity and signaling components in nociceptor [154] 
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2.3. DRG 

 Anatomy of DRG neurons and clinical significance 

The DRG (spinal ganglia) of the rat are located as a section of the posterior root 

on the foramina spinalia near the bony canalis vertebralis within the dura mater. They 

are surrounded by a connective tissue capsule, the perineurium, and traversed by 

vascular connective tissue. The ganglion neurons are the first neurons of the afferent 

sensory fibers. So, the peripheral nervous system is composed of 31 pairs of DRG, each 

consisting of thousands of DRG neurons, located outside the blood-brain barrier. 

Anatomically speaking, the archetypal neuron is composed of three different parts : 1) 

Axon, chemically distinguished transport branch; 2) dendrite, receiving branch; And 3) 

the cell body, the predominant site for protein synthesis and responsible for the 

distribution of proteins, especially ion channels [89]. However, DRG neurons are 

different, because they are pseudounipolar, which means that the short axon divides into 

two branches: 1) centrally terminated branch, which forms the axon and extends to the 

dorsal horn; And 2) peripherally terminated branch, which forms dendrites and extends 

to the periphery [89, 128]. 

 

 

Figure 2.7. DRG neurons as part of the reflex arc 

 

DRG neurons respond to various stimuli and which are normally inactive in the 

absence of the stimulus. when there is a stimulus, APs are generated in DRG neurons 

and the dorsal root of the spinal cord is the first signal processing station. 
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 Ion channels in DRG 

2.3.2.1. Sodium channels  

In the pain-conducting C-fibers of the DRG neurons, voltage-gated Na+ channels 

(Nav) account for a large proportion of the currents responsible for depolarization after 

stimulation and for the transmission of APs and consist of 9 subunits from Nav1.1 to 

Nav1.9. These Nav channels are also of great importance in the development of pain 

signals, can be classified according to their sensitivity to tetrodotoxin: tetrodotoxin 

resistant or tetrodotoxin sensitive. In humans, loss-of-function mutations in the Nav1.7  

channel, which cause total insensibility to pain [73]. Null mutations of Nav1.7 lead to 

the loss of large sensory fibers and thus also to the inability to experience pain [129]. 

Mutation of other Nav channels may also lead to the loss of pain perception, as Leipold 

and colleagues showed in their study on Nav1.9 channel [130]. 

2.3.2.2. Potassium channels  

K+ channels are mainly responsible for the depolarization and fall of the AP, 

restoring the membrane potential to the resting state. There are four different main types 

of K+ channels: voltage-gated, Ca2+ activated, inward rectifier, and two pores K+ 

channels [105]. 

The voltage gated channels are formed from families Kv1 to Kv12 [105], In rat 

models of neuropathic pain, kv7 family activators showed analgesic effect [131, 132] 

but these agents failed in clinical trials [133]. The Ca2+ activated channels comprise 

KCa1– KCa8, whereas the inward rectifier family is composed of Kir1– Kir7, two of 

which Kir3 and Kir6 are mainly responsible for nociception. Hypersensitivity, especially 

to heat, has been noticed when a specific knockout of Kir3.1 and Kir3.2 was established 

in CNS of normal animals [134]. Finally, the two-pore family is composed of K2P1 – 

K2P14, however, the physiological functions of the majority of this group remain 

unknown [105]. 

2.3.2.3. Calcium channels  

The voltage-gated calcium channels, particularly T-type, have been associated 

with chronic pain. T-Type antagonists injected intra-peritoneally or locally have been 

shown to mitigate acute and chronic pain behaviors[135]. 
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2.3.2.4. TRP channels 

 Members of the non-selective TRP channels are also strongly expressed in DRG 

neurons and divided into 6 different subfamilies. Capsicum from the chili plant, 

menthol from mint, and mustard oil (allyl isothiocyanate) stimulate the non-selective 

cation channels TRPV1, TRPM8, and TRPA1 cause sensations such as burning, cold, 

and even acute pain [89]. TRPV1 channels are expressed in the small, pain-conducting 

C-fibers of the DRG neurons and, in addition to temperatures above 45°C, can also be 

activated by chemical substances and acidic environments such as that occurring in 

inflammation [136]. The TRPA1 channel plays a critical role in inflammation, both as a 

detector and initiator of inflammatory responses [137]. In addition to pain, TRPA1 is 

also known as a sensor for stimulants, cold, and stretching with TRPV1 expressed in C-

type pain fibers [138–140]. Activation of both Nav channels and TRP receptors results 

in depolarization of the neuron, which leads to neuronal excitement and ultimately can 

cause pain. 

2.4. Electrophysiology  

 The resting potential 

Excitable cells have a resting potential based on different ionic compositions of 

the extra and intracellular space. K+ is the most abundant intracellular ion, while Na+ 

predominates in the extracellular space. The resting potential is largely a K+ diffusion 

potential and is primarily determined by the concentration gradient of K+ across the 

membrane. Nerve cells have a resting potential of -70 to -90 mV. Ion gradients are built 

up across the cell membrane through energy-consuming transport mechanisms that 

move ions against their electrochemical gradients. The uneven distribution of ions due 

to the Na+, K+ pump, which transports Na+ ions out of the cell and K+ ions into the cell. 

The gradient built up in this way would even out through diffusion. Since the 

displacement of charged particles creates an electric field that counteracts the diffusion 

pressure, an equilibrium between electrical and chemical gradients is ultimately created. 

Negatively charged intracellular proteins cannot cross the double lipid membrane, so 

negative charges remain inside the cell. The equilibrium potential (EG) can be 

determined for individual ions using the Nernst equation: 

                                                   EG =
R.T

F.Z
. ln (

[Ion]outside

[Ion]inside
)                       (2.1) 
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EG = equilibrium potential of the ion (V) 

R = general gas constant 8.31451 (J.mol-1 .K-1) 

F = Faraday constant 9.6485 (C .mol-1) 

T = temperature (K) 

z = valence of the ion 

This results in an equilibrium potential of +67.5 mV for Na+ and -84.7 mV for K+  

at room temperature (T = 23 °C) if the following ion concentrations are used as a basis 

for the DRG cell: [NA+
i]: 10 mmol / l, [NA+

a]: 141 mmol / l, 

[K+
i]: 155 mmol / l, [K+

a]: 5.6 mmol / l 

This results in an inward direction for Na+ ions and an outward direction for K+ 

ions. The ion imbalance provides the potential energy for pulse transmission. Nerve 

impulses are transmitted as APs [141, 142]. 

 The AP 

An AP is understood to be the rapid depolarization from the resting potential to 

positive potentials, which automatically repolarize to the resting potential with the time 

course typical for the cell type. The AP has a positive peak value of about +60 mV, the 

duration for this is approximately 1 ms for the nerve. In the spread phase, the rapid 

positive change in potential begins due to increased Na+ conductivity. As a result, the 

membrane potential briefly approaches Na+ equilibrium potential. During 

depolarization, the K+ conductivity increases with a delay, which initiates the 

repolarization with the K+ outflow. After an AP, the membrane appears to be non-

excitable for about 2 ms. In this absolute refractory phase, the Na+ channel system is 

still inactivated. During the following phase, the cell is relatively refractory; only strong 

depolarizations can trigger potentials of reduced amplitude [143]. 

 The conduction of excitation  

Due to the influx of Na+ at the AP, a direct membrane discharge is also achieved 

in neighboring axon regions. After reaching the threshold, further APs and thus 

transmission of the excitement can be evoked. Fiber diameter, membrane resistance, 

and membrane capacity affect the electrotonic propagation and thus the conduction 

velocity. C fibers, non-myelinated skin fractions of the nociceptors, reach a fiber 

diameter of 1 µm and achieve a conduction speed of about 1 m / s. The myelinated Aα 

fibers (approximately 15 µm in diameter), which function as primary muscle spindle 

afferents, conduct much faster (approximately 100 m/s). The medullary sheaths act as 
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insulators on such fibers. The myelin sheath is interrupted at a distance of 1-2 mm, and 

the membrane is exposed on these Ranvier nods. Here the AP jumps from nod to nod; 

this type of excitation conduction is also referred to as saltatory conduction [144]. 
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3. MATERIALS AND METHOD 

3.1. Materials 

All standard chemicals (quercetin, GA, and RA) were obtained from Sigma-

Aldrich. A stock solution of these substances were prepared in dimethylsulphoxide 

(DMSO) 100% and stored at 4°C. Final required concentration of all drugs were made 

up fresh daily in extracellular solution (pH 7.4), where the ratio of DMSO is less than 

0.3% [145]. 

3.2. The Patch-Clamp Technique  

The experiments of this work were carried out with the help of the patch-clamp 

technique, the principle of which is a close contact between a glass pipette and a cell. 

For this purpose, a tapered glass pipette with a tip diameter of around 1 µm is moved to 

a cell membrane under a microscopic view. A part of the cell membrane is sucked in by 

negative pressure into the pipette. A mechanically and electrically stable state is 

achieved which, under optimal conditions, is reflected in a sealing resistance of several 

giga-ohms (gigaseal). 

This technology has two advantages over conventional microelectrode 

technology. The current of injury of the cell becomes negligibly small, i.e., the current 

does not flow through a current leak, but through the cell membrane to be examined. 

The electrical noise, which is inversely proportional to the sealing resistance, is so small 

that currents through individual ion channels can be measured. 

 

 

Figure 3.1. Schematic representation of a patch-clamp arrangement in a whole-cell configuration [142] 
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To measure the flowing ions, an electrical amplifier is needed to measure the 

potential of the membrane patch underneath a pipette and constantly compares it with a 

previously selected target value. By supplying power accordingly, it compensates for 

the difference between the actual value and the setpoint value, so that the potential at 

the membrane is kept constant. This principle is called a voltage-clamp [146]. The 

required power supply corresponds to the change in conductivity of the membrane patch 

and is an expression of the openings and closings of the ion channels located here. The 

clamping currents therefore reflect the ion currents flowing through the membrane at a 

given potential. 

With suitable equipment, the amplifier enables a compensation of the capacitive 

currents and leakage currents of the cells during the experiment and a compensation of 

the series resistances by 80-90%. 

Depending on the problem, different configurations can be created with the patch-

clamp method: Intact cells (cell-attached and whole-cell) as well as membrane sections, 

so-called cell-free patches, can be examined. 

 

 

Figure 3.2. Schematic representation of various patch configurations [142] 

 

The cell-attached method isolates the membrane section below the pipette. The 

membrane under the pipette is removed by suction and access to the entire cell interior 

(whole cell) is gained. In the case of cell-free patches, an attempt is made to detach the 

circumscribed membrane patch that lies under the pipette from the rest of the cell. The 



24 
 

possibilities of the inside-out and the outside-out configuration arise here. The inside-

out patch is created by quickly withdrawing the patch pipette after a tight cell contact. 

The detachment of the membrane section means that the former inside of the cell now 

faces the bath side. When the pipette is slowly withdrawn, a ridge forms between the 

pipette and the remaining cell. This breaks off the lipid bilayer membrane closes and the 

physiological outside remains facing the bath solution (outside out) [147].  

 

 

Figure 3.3. Photo of a pipette and DRG cell in whole-cell mode (40x magnification). 

 

3.3. Animals  

Sprague Dawley male rats weighing 150-200 g and 8-12 weeks old were used. 

Animals housed in well-ventilated rooms at 25 ± 1 ºC, set to 12 hours light and 12 hours 

dark cycle and relative humidity (54 ± 5%). Standard feed pellets and tap water were 

given for feeding purposes. 

Ethics Committee Approval was obtained from Anadolu University (Decision No: 

2021-15, Appendix I)  

3.4. DRG dissection  

The animal was anesthetized with mixture of ketamine and xylazine as a ratio of 

90 mg/kg to 10 mg/kg respectively and the animals injected with 1ml/ kg (i.p.) [148], 

after 5 -8 minutes when the animal was totally anesthetized the decapitation was 

performed, then the back skin incised. The vertebral column was removed and kept for 

5 minutes in a falcon tube that contains cold PBS, the following work is done under the 

laminar flow cabinet. The vertebral column is placed in petri dish contain Dulbecco’s 

Modified Eagle’s Medium (DMEM) solution at 4 °C and cutted into two symmetrical 

parts from the midline by using iris scissor. The spinal cord was removed carefully and 

harvesting of the DRG is started by using hairspring tweezer, the harvested DRGs are 
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placed in a Petri dish containing DMEM and penicillin- streptomycin, after harvesting 

all the cells cleaning the DRG from projections and attached tissues was carried out 

using surgical lancet, and the cells were moved to a Eppendorf tube that contains 2 mg 

of collagenase type IV (sigma) in 1 ml of DMEM and pen-strep and keep in incubator at 

37 C° with 95% O2 and 5% CO2 for 45 minutes with the mouth of Eppendorf tube open 

and shaking the tube every 10 minutes. The supernatant was taken, and the cells were 

washed by PBS three times with centrifugation for 30 seconds and removing the 

supernatant in each time. After that 100 µl of 0.25% trypsin+EDTA was added to the 

cells with 1 ml of DMEM+Pen-Strep and incubate for 6 minutes with shaking the tube 

every 3 minutes. After 6 minutes the cells were washed by DMEM 3 times with 

centrifugation for 45 to 60 second and supernatant was discarded in each wash. Then 1 

ml of DMEM was added to the cells in Eppendorf tube and the cells were moved to a 15 

ml falcon tube that contains 1 ml of DMEM, so the sum of solution is 2 ml. After that 

the pipetting started gently for 5 minutes as a rate 4 times per minute with blue tip 

cutted pipette and then for another 5 minutes with non-cut blue tip pipette and finally 

the cells passed through insulin syringe 3 times very slowly. The final step is 

suspending the cells in solution of DMEM + pen-strep + FBS as 12.5 ml for 1 ml of the 

cells, after 1 to 2 hour the cells  becomes ready to work on [149, 150]. 

3.5. Electrophysiology  

 Voltage-clamp recordings 

Voltage-clamp recordings were conducted in whole-cell voltage-clamp 

configuration to record ion currents from acutely dissociated DRG cells, at room 

temperature, bathed in external solution (in mM) (NaCl 140, KCl 3, MgCl2 1, CaCl2 1, 

glucose 10 and HEPES ACID 10. pH adjusted to 7.3 using NaOH, 320 mOsm). GΩ-

seals were established using Thin Wall Borosilicate Glass pipettes with filament (Sutter 

Instrument BF150-110-10) filled with the internal solution (KCl 140, NaCl 10, MgCl2 2, 

CaCl2 0.1, EGTA 1.1, HEPES ACID 10, D glucose 3, pH 7.2 titrated with KOH, 310 

mOsm), for Voltage-clamp recordings micropipette pulled by P-97 Micropipette Puller 

(Sutter Instrument) to a final pipette resistance of 2-5 MΩ. The passage to whole cell 

configuration was done using negative pressure applied either by mouth or by use of 1 

ml syringe, the passage to whole cell is marked by a big drop in series resistance to 

around 10 MΩ and increase of membrane capacitance. Recordings were conducted at 

room temperature.  
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Depolarizing pulses to 0 mV for 300 ms were used after clamping the membrane 

potential to -60 mV. The current–voltage relations (IV-curve), was obtained using 

depolarizing steps of 10 mV increments from −60 mV to +80 mV. 

The test chemical was applied after getting a stable outward current in response 

multiple depolarizing steps to 0 mV.  

Currents were recorded using a single headstage version of the Integrated Patch 

Amplifier (IPA) (Sutter Instrument) and SutterPatch® Data Acquisition and Analysis 

Software (SutterPatch 2.0.4) installed on Windows®10 and used in voltage-clamp 

mode. Data were sampled at 25 kHz and filtered at 5kHz using the built-in filter of the 

IPA. Electrode compensation and series resistance compensation were automatically 

applied using the automatic compensation option in the software. Data were analyzed 

used the same software (SutterPatch 2.0.4). 

 Current-clamp recordings 

Current-clamp recordings were conducted in whole cell configuration to record 

variation in the voltage of acutely dissociated DRG cells. The cells were bathed in 

external solution (in mM) (NaCl 140, KCl 5, CaCl2 2.5, MgCl2 1.2, HEPES ACID 10, 

D-glucose 10 (pH = 7.4 with NaOH, 321 mOsm). GΩ-seals were established using Thin 

Wall Borosilicate Glass pipettes with filament (Sutter Instrument BF150-110-10) filled 

with the internal solution (in mM) (KCl 130, NaCl 10, HEPES ACID 10, Mg-ATP 4, 

EGTA 5, D-glucose 10 (pH = 7.3- 7.4 with KOH, 313 mOsm). For current-clamp 

recordings micropipette pulled by P-97 Micropipette Puller (Sutter Instrument) to a final 

pipette resistance of 4-6 MΩ. The passage to whole cell configuration was done using 

negative pressure applied either by mouth or by use of 1 ml syringe and marked by a big 

drop in series resistance to around 10 MΩ and increase of membrane capacitance. 

Recordings were conducted at room temperature.  

Data was acquired using in current-clamp mode a single headstage version of the 

Integrated Patch Amplifier (IPA) (Sutter Instrument) and SutterPatch® Data 

Acquisition and Analysis Software (SutterPatch 2.0.4) installed on Windows®10. 

Acquisition sampling rate was 25 kHz and filtered at 5kHz using the built-in filter of the 

IPA.   

Spontaneous firing activity were monitored for few minutes of whole-cell 

recording. The AP threshold was determined using a depolarizing current step of 10 pA 
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for 10 mS from 0 pA to 300 pA and the minimum injected current amplitude that elicit 

an AP was chosen.  

APs were elicited for several times using the value obtained, when a stable result 

is acquired the test chemical is applied and changes in signal are monitored for 

amplitude, half-width, fast after-hyperpolarization (AHP), APD and medium AHP. Data 

were analyzed using the same software (SutterPatch 2.0.4).  

3.6. Solutions  

AP (Current clamp) solution  

- Intracellular pipette solution contained (in mM): KCl 130, NaCl 10, HEPES ACID 10, 

Mg-ATP 4, EGTA 5, D-glucose 10 (pH = 7.3- 7.4 with KOH, 313 mOsm). (all from 

Wisent, Inc.) 

- Extracellular solution composed of (in mM): NaCl 140, KCl 5, CaCl2 2.5, MgCl2 1.2, 

HEPES ACID 10, D-glucose 10 (pH = 7.4 with NaoH, 321 mOsm) (all from (Wisent, 

Inc.) 

Voltage clamp recording  

- Internal pipette solution contained (in mM): KCl 140, NaCl 10, MgCl2 2, CaCl2 0.1, 

EGTA 1.1, HEPES ACID 10, D glucose 3. Adjust pH to 7.2 with KOH. 310 mOsm) (all 

from Wisent, Inc.) 

-Extracellular (bath) solution composed of (in mM): NaCl 140, KCl 3, MgCl2 1, CaCl2 

1, glucose 18 and HEPES ACID 10. Adjust pH to 7.3 using NaOH, 320 mOsm) (all 

from Wisent, Inc.) [151]. 

3.7. Statistical Analysis 

OriginPro 2012 (64-bit),9.8.0.200 (Learning Edition), copyright ©1991-2020 

OriginLab corporation, and GraphPad InStat program also has been used. 

Electrophysiological data was given as mean ± standard error of the mean. Unpaired 

Student's t test was used when evaluating the AP. In IV measurements, paired Student's 

t test and one-way ANOVA procedure was used when necessary (comparisons). A 

value of p <0.05 was considered significant. 
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4. RESULTS  

4.1. Effect of GA on K+ peak current  

 GA 01 µM  

Effect of 01 µM GA peak K+ current, GA 1 inhibits the peak K+ current and 

maximal conductance by 84.1%, and V1/2 shifted to depolarization direction with no 

significant changes. The curves produced according to Boltzmann fitting equation and 

calculated based on mean ± S.E.M. 

 

 

Figure 4.1. K+ current in DRG neurons and their modulation by GA 1 μM. (A) IK evoked in neurons in 

response to voltage step protocol; (B) IK after adding 1 μM GA; (C) I-V curve; (D) 

conductance (GK) curve; (E) steps of the potential to elicit the current. The cells were 

subjected to changes in the potential ranging from -60 mV to +80 mV in 10 mV increments to 

cause the currents shown. The conductance decreased significantly (p<0.05) V1/2 showed no 

significant change. (n=5 for control and GA). 
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 GA 10 µM  

The effect of 10 µM GA on the IK and conductance, the maximal conductance 

decreased by 13.7% and also the K+ current was suppressed. V1/2 insignificantly shifted 

to the right side.  

 

 

Figure 4.2. K+ current in DRG neurons and their modulation by GA 10 μM. (A) IK evoked in neurons in 

response to voltage step protocol; (B) IK after adding 10 μM GA; (C) I-V curve; (D) 

conductance (GK) curve; (E) steps of the potential to elicit the current. The cells were 

subjected to changes in the potential ranging from -60 mV to +80 mV in 10 mV increments to 

cause the currents shown. (for control V1/2=8.06832 ± 2.83149, k=16.51178 ± 1.26851 and 

n=6); for GA 10 μM (V1/2=11.45019 ± 2.06803, k=15.54674 ± 1.00238 and n=5). No 

significantly changes in V1/2 (p>0.05). 
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 GA 100 µM  

The effect of GA 100 µM on the IK and conductance, the results showed decrease 

in the maximal conductance by 43.6% and also decrease in the maximum current.  

 

 

Figure 4.3. K+ current in DRG neurons and their modulation by GA 100 μM. (A) IK evoked in neurons in 

response to voltage step protocol; (B) IK after adding 100 μM GA; (C) I-V curve; (D) 

conductance (GK) curve; (E) steps of the potential to elicit the current. The cells were 

subjected to changes in the potential ranging from -60 mV to +80 mV in 10 mV increments 

to cause the currents shown (V1/2= 2.25345 ± 3.12153 and -5.98448 ± 3.85467; 

K=16.56659 ± 1.44861and 13.2242 ± 1.9651 for control and GA 100 respectively; n=7 for 

each). V1/2 significantly shifted toward left (p<0.05), the curves produced according to 

Boltzmann fitting equation and based on mean ± S.E.M. 
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4.2. Effect of Quercetin on K+ peak current  

 Quercetin 1 µM 

The figures present the effect of 1 µM quercetin on the IK and conductance, the 

maximal conductance reduced by 36.3% and the current inhibited after adding 

quercetin.  

 

 

Figure 4.4. K+ current in DRG neurons and their modulation by quercetin 1 μM. (A) IK evoked in neurons 

in response to voltage step protocol; (B) IK after adding 1 μM quercetin; (C) I-V curve; (D) 

conductance (GK) curve;(E) steps of the potential to elicit the current. The cells were 

subjected to changes in the potential ranging from -60 mV to +80 mV in 10 mV increments to 

cause the currents shown. (V1/2= 4.1 ± 2 and 0.3 ± 2; K=18.35 ± 1.4 and 15.74 ± 1.4 for 

control and quercetin 1 μM respectively; n=5 for control and quercetin). There is no 

significant change in the V ½. 
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 Quercetin 10 µM 

Quercetin 10 µM decreased the maximal conductance by 37.8% and also the peak 

current was decreased, V1/2 doesn’t change before and after adding quercetin.  

 

 

Figure 4.5. K+ current in DRG neurons and their modulation by quercetin 10 μM. (A) IK evoked in 

neurons in response to voltage step protocol; (B) IK after adding 10 μM quercetin; (C) I-V 

curve; (D) conductance (GK) curve; (E)) steps of the potential to elicit the current. The cells 

were subjected to changes in the potential ranging from -60 mV to +80 mV in 10 mV 

increments to cause the currents shown . (V1/2= 2.7 and 2.7; K=15.6 and 12 for control and 

quercetin 1 μM respectively; n=5 for control and quercetin). The is no significant changes in 

V1/2. 
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 Quercetin 100 µM 

Effect of quercetin 100 µM on the K+ current, the results showed that quercetin 

100 µM decreased the maximal conductance by 84% and the peak current decreased. 

 

 

Figure 4.6. K+ current in DRG neurons and their modulation by quercetin 100 μM. (A) IK evoked in 

neurons in response to voltage step protocol; (B) IK after adding 100 μM quercetin; (C) I-V 

curve; (D) conductance (GK) curve; (E)) steps of the potential to elicit the current. The cells 

were subjected to changes in the potential ranging from -60 mV to +80 mV in 10 mV 

increments to cause the currents shown. (V1/2=3.41185 ± 2.92836 and 8.78583 ± 5.67452; 

K=14.08839 ± 1.49431 and 16.05136 ± 3.67359 for control and quercetin 100 µM 

respectively; n=8 for each ). V1/2 insignificantly changed (p>0.05). 
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4.3. Effect of RA on K+ peak current 

 RA 1 µM 

RA 1 µM was found to decrease the maximal conductance by 12.3%, there is no 

significant changes in V1/2 value.  

 

 

Figure 4.7. K+ current in DRG neurons and their modulation by RA 1 μM. (A) IK evoked in neurons in 

response to voltage step protocol; (B) IK after adding 1 μM of RA; (C) I-V curve; (D) 

conductance (GK) curve; (E)) steps of the potential to elicit the current. The cells were 

subjected to changes in the potential ranging from -60 mV to +80 mV in 10 mV increments to 

cause the currents shown. (V1/2=0.6 and 6.3; K=11.5 and 14.4 for control and quercetin 100 

µM respectively; n=4 for each). 
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 RA 10 µM 

RA 10 µM decreased the maximal conductance by 21.2%, there is no 

significant effect on V1/2.  

 

Figure 4.8. K+ current in DRG neurons and their modulation by RA 10 μM. (A) IK evoked in neurons in 

response to voltage step protocol; (B) IK after adding 10 μM of RA; (C) I-V curve; (D) 

conductance (GK) curve; (E) ) steps of the potential to elicit the current.  The cells were 

subjected to changes in the potential ranging from -60 mV to +80 mV in 10 mV increments to 

cause the currents shown. (V1/2=-1.59211 ± 6.89794 and -3.64586 ± 5.58985; K=16.23333 ± 

2.10538 and 15.32949 ± 1.82299; for control and RA 10 respectively; n=4 for each). 
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 RA 100 µM 

The effect of RA 100 µM on the K+ current showed to decrease the peak current 

and decrease the maximal conductance by 31.2%, there is no significant changes in V1/2.  

  

 

Figure 4.9. K+ current in DRG neurons and their modulation by RA 100 μM. (A) IK evoked in neurons in 

response to voltage step protocol; (B) IK after adding 100 μM of RA; (C) I-V curve; (D) 

conductance (GK) curve; (E) steps of the potential to elicit the current.  The cells were 

subjected to changes the potential ranging from -60 mV to +80 mV in 10 mV increments to 

cause the currents shown. (V1/2=4.65831 ± 2.78442 and 4.27284 ± 2.76499; K=17.14918 ± 

1.16552and 15.66187 ± 1.30394; for control and RA 100 respectively n=9 for each). 
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4.4. Concentration dependent effect  

The three figures represent the relation between the different concentrations of the drugs and the 

response they produced on the peak K+ current, they don’t affect K+ current in a concentration 

dependent manner. 

 

 

Figure 4.10. Concentration dependent effect of GA 

 

 

Figure 4.11. Concentration dependent effect of RA 

 

 

Figure 4.12. Concentration dependent effect of quercetin 
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4.5. Effect of pharmacological agents on the AP parameters  

 GA effect  

The figure below shows the evoked AP before and after adding 1 μM GA, we 

can notice the decrease of the amplitude after adding GA and increase the 

duration (Figure 4.13 (B)). 

 

Figure 4.13. GA decrease AP amplitude and increase duration for evoked AP by injection a current; (A) 

AP for control; (B) AP after adding GA.  Results was expressed as mean ± S.E.M; For 10 

and 10 μM the results were statistically insignificant (p>0.05). for GA 100 μM there was 

significant differences for threshold, duration and AHP (p<0.05); n=4. 
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Table 4.1. The table AP parameters before applying the chemicals. 

Control Concentr

ation 

Cell 01 Cell 02 Cell 03 Cell 04 

Threshold 

(mv) 

1 µM 

10 µM 

100 µM 

-38.174439 

-43.011475 

-52.148439 

 

-10.263061 

-56.845091 

-61.309814 

 

-49.206544 

-35.363771 

-58.831789 

 

-58.291625 

-50.759889 

-45.425415 

 

Peak (mV) 1 µM 

10 µM 

100 µM 

45.562744 

33.358764 

34.420777 

 

47.51892 

47.644041 

24.865722 

 

46.023559 

33.541869 

32.662965 

 

30.5084229 

32.339476 

21.585083 

 

AP 

Duration 

(ms) (90%) 

1 µM 

10 µM 

100 µM 

21.448227 

23.262348 

24.981149 

 

4.9220445 

18.587802 

24.953036 

 

22.909235 

13.289727 

15.94525 

 

14.639777 

23.982653 

20.347465 

 

AHP (mV) 1 µM 

10 µM 

100 µM 

-58.209229 

-57.565309 

-67.59949 

-62.603757 

-66.082761 

-68.328857 

 

-61.358642 

-41.571043 

-64.691164 

 

-69.351196 

-64.508058 

-58.99353 

 

 

Table 4.2. The table showing the effect of three doses of GA 1, 10 and 100 µM on AP parameters. 

GA Concent

ration 

Cell 01 Cell 02 Cell 03 Cell 04 P value 

Threshold 

(mv) 

1 µM 

10 µM 

100 µM 

-39.581299 

-40.240478 

-47.546387 

-8.7341312 

-48.236083 

-58.496095 

 

-46.365358 

-39.096069 

-57.4646 

 

-44.940185 

-45.782469 

-43.569945 

 

0.294 

0.3104 

0.0337 

Peak (mV) 1 µM 

10 µM 

100 µM 

30.7445067 

32.012939 

34.61609 

 

40.31067 

39.208986 

31.118775 

 

47.625732 

37.432861 

31.765748 

 

27.835082 

21.502685 

14.190674 

 

0.1985 

0.3018 

0.7080 

AP Duration 

(ms) (90%) 

1 µM 

10 µM 

100 µM 

 

28.546166 

22.171432 

25.799271 

 

4.8880451 

16.662858 

27.184254 

21.188805 

19.567618 

19.753185 

16.028063 

20.954462 

23.55694 

 

0.4439 

0.9796 

0.0308 

AHP (mV) 

 

 

1 µM 

10 µM 

100 µM 

- 51.574707 

-53.814698 

-64.071655 

-58.807373 

-51.428221 

-66.058353 

-59.866332 

-45.224 

-62.889528 

-57.476807 

-55.642702 

-55.85327 

0.0764 

0.2261 

0.0065 
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 Quercetin effect  

Figure 4.14 illustrate the effect of quercetin on the parameter of AP. 

Concentration 1 µM affect the threshold and AP duration significantly as it is shown in 

(Table 4.2.) 

 

 

Figure 4.14. Quercetin decreases the amplitude, increases the duration of AP; (A) AP for control; (B) 

evoked AP after adding quercetin. The results calculated on the base of mean ±S.E.M.; 

Quercetin 1 µM affect the threshold and duration significantly (p<0.05), the other 

concentration 10 and 100 µM produced statistically insignificant results (p>0.05), n=3 for 

10, 100 µM and n=5 for 1 µM. 
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Table 4.3. The table showing AP parameters before applying the chemical. 

Control Concentr

ation 

Cell 01 Cell 02 Cell 03 Cell 04 Cell 05 

Threshold 

(mv) 

1 µM 

10 µM 

100 µM 

-43.887328 

-43.475341 

-41.897584 

 

-32.336425 

-53.137206 

-55.523682 

 

--64.248659 

-43.844603 

-34.741212 

 

-47.451783 

 

 

-45.53650 

 

Peak (mV) 1 µM 

10 µM 

100 µM 

34.597777 

55.093385 

6.3690185 

4.3823244 

23.03772 

21.725465 

 

24.499511 

27.621459 

47.247313 

 

37.277222 

 

 

35.33021 

AP 

Duration 

(ms) (90%) 

1 µM 

10 µM 

100 µM 

19.085265 

15.891206 

18.787457 

20.76851 

19.572632 

25.100607 

19.41912 

26.307676 

13.513342 

 

21.937724 

 

 

 

20.31839 

 

AHP (mV) 1 µM 

10 µM 

100 µM 

-64.868167 

-60.699463 

-61.340332 

 

-50.643921 

-66.744998 

-65.423585 

-73.086545 

-60.043335 

-54.418944 

 

 

-57.501219 

 

 

-61.81641 

 

 

Table 4.4. The table showing the effect of three doses of quercetin 1, 10 and 100 µM on AP parameters. 

Quercet

in 

Concen

tration 

Cell 01 Cell 02 Cell 03 Cell 04 Cell 05 P value 

Threshold 

(mv) 

1 µM 

10 µM 

100 µM 

-40.399901 

-41.394044 

-22.994276 

-26.525879 

-45.74585 

-36.12134 

-61.27624 

-33.96606 

-44.89824 

 

-45.15259 

 

 

 

-42.11121 

 

0.0037 

0.1071 

0.4382 

Peak (mV) 1 µM 

10 µM 

100 µM 

19.354248 

26.922608 

28.836126 

11.618042 

6.5856935 

14.345683 

36.578368 

38.983155 

37.165322 

 

40.728759 

 

 

 

31.838991 

 

0.8735 

0.4441 

0.8876 

AP 

Duration 

(ms) 

(90%) 

1 µM 

10 µM 

100 µM 

 

23.670288 

19.205665 

20.54845 

21.995971 

27.59725 

27.37113 

22.664463 

42.310324 

14.653521 

 

24.154086 

 

 

20.437518 

 

0.0425 

0.1329 

0.3895 

AHP (mV) 

 

 

1 µM 

10 µM 

100 µM 

-60.180664 

-52.55127 

-21.21421 

-41.009523 

-45.858763 

-25.18587 

-70.01952 

-47.16796 

-48.67554 

 

-59.44214 

 

 

-58.27942 

 

0.1093 

0.0921 

0.1296 
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 RA effect  

The figure below illustrates the elicited AP before and after adding RA, as it is 

presented in the Table 4.2. the concentration 1 µM of RA significantly increased the 

threshold, duration and decreased the peak. 

 

 

Figure 4.15. Changing of AP parameters after adding RA. (A) elicited AP for control cell; (B) elicited AP 

after adding RA, the results introduced as mean ± S.E.M, 1 µM of RA significantly affected 

AP parameters (threshold, peak and duration) (p<0-05). The other two concentration 10 and 

100 produced statistically insignificant results (p>0.05), except 10 µM significantly affect 

AHP (p<0.05), n=4. 
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Table 4.5. The table showing AP parameters before applying the chemical 

Control Concentr

ation 

Cell 01 Cell 02 Cell 03 Cell 04 

Threshold 

(mv) 

1 µM 

10 µM 

100 µM 

-47.20569 

-4.0344237 

-54.699708 

-39.707519 

-48.76709 

-42.037964 

-50.830077 

-17.221069 

-45.544434 

 

-48.4503172 

 

-46.075441 

 

Peak (mV) 1 µM 

10 µM 

100 µM 

36.798097 

43.170165 

21.972656 

 

42.98706 

32.260131 

31.048585 

 

37.440065 

23.278808 

15.805054 

 

40.950316 

 

28.564453 

 

AP 

Duration 

(ms) (90%) 

1 µM 

10 µM 

100 µM 

18.990163 

4.8243315 

26.115235 

 

17.169589 

31.186063 

10.585717 

 

20.173953 

5.6328387 

11.355154 

 

19.1446127 

 

20.897828 

 

AHP (mV) 1 µM 

10 µM 

100 µM 

-64.520262 

-63.970946 

-65.71655 

 

-68.322755 

-61.071776 

-60.470581 

 

-61.947633 

-61.624147 

-57.482909 

 

-62.850952 

 

-60.012817 

 

 

Table 4.6. The table showing the effect of three doses of RA 1, 10 and 100 µM on AP parameters 

RA Concent

ration 

Cell 01 Cell 02 Cell 03 Cell 04 P value 

Threshold 

(mv) 

1 µM 

10 µM 

100 µM 

-43.33899 

-5.4656984 

-50.845336 

-37.9071047 

-45.986939 

-39.212037 

-43.020628 

-16.543578 

-46.575926 

 

-40.098266 

 

-46.655275 

 

0.0406 

0.6343 

0.3748 

Peak (mV) 1 µM 

10 µM 

100 µM 

30.918824 

43.362428 

16.159058 

 

31.162597 

45.312501 

32.702636 

 

30.161498 

26.51062 

3.7963868 

 

83.413332 

 

33.682249 

 

0.0374 

0.2926 

0.5233 

AP Duration 

(ms) (90%) 

1 µM 

10 µM 

100 µM 

 

20.007582 

6.6767409 

27.000112 

 

21.984745 

28.255045 

11.858558 

22.303023 

7.0511475 

17.915031 

23.7660554 

 

22.356458 

 

0.4439 

0.9796 

0.0308 

AHP (mV) 

 

 

1 µM 

10 µM 

100 µM 

-60.592651 

-56.182861 

-58.953859 

 

-61.422728 

-57.110596 

-60.7666 

-64.410403 

-55.078126 

-51.937867 

-60.354613 

 

-58.578491 

0.2589 

0.0325 

0.1374 
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5. DISCUSSION  

In view of the data presented in this study, the effect of some polyphenols has 

been evaluated to show their effect on the electrophysical properties of DRG cells, the 

current passing through the biological membrane of the cell depends mainly on open 

probability and duration, number of channels and single channel current amplitude.  

In recent years there has been increasing evidence that polyphenols play a crucial 

role in peripheral nociception and thus in the development of chronic pain syndromes. 

Several studies in the literature used diabetic and alcoholic neuropathic models to 

demonstrate the effect of those polyphenols by mechanical and thermal methods. The 

neuroprotective mechanism appears to be due to the prevention of damage caused by 

oxidative stress in the neurons of the dorsal horn of the spinal cord, such as lipid 

peroxidation and protein nitrosylation. Since these polyphenols decreases nitric oxide 

synthase  expression, probably the protective mechanism would involve decreasing NO 

production and peroxynitrite generation and, consequently, oxidative stress [23, 40, 65, 

152]. The DRG cells are important for the generation of impulses at peripheral 

nociceptive endings, but they are also able to pass on already generated APs in C-fibers 

[153], that’s why we chose DRG cells to analyze the analgesic effect of examined 

polyphenols and evaluate their effect on the K+  current. 

Chronic pain is usually associated with excessive somatosensory system 

excitability and is undertreated in clinics. Throughout the nervous system, K+ channels 

are critical determinants of neuronal function. Opening these channels allows for a 

hyperpolarizing K+ efflux through the plasma membrane, which reduces neuronal 

excitability by counteracting inward ion conductance. In humans, K+ channels are the 

most common, widely distributed, and diverse class of ion channels, governed by 78 

genes [105].  

An AP is understood to be the rapid depolarization from the resting potential to 

positive potentials, which automatically repolarize to the resting potential with the time 

course typical for the cell type. The AP has a positive peak value of about +60 mV, the 

duration for this is approximately 1 ms for the nerve. In the spread phase, the rapid 

positive change in potential begins due to increased Na+ conductivity. As a result, the 

membrane potential briefly approaches the Na+ equilibrium potential. During 

depolarization, the K+ conductivity increases with a delay, which initiates the 

repolarization with the K+ outflow. After an AP, the membrane appears to be non-
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excitable for about 2 ms. In this absolute refractory phase, the Na+ channel system is 

still inactivated. During the following phase, the cell is relatively refractory; only strong 

depolarizations can trigger potentials of reduced amplitude [143]. 

K+ channels promote a considerably rapid transmembrane K+ efflux upon 

activation, which can affect AP threshold, frequency, and waveform. Because the 

opening of K+ hyperpolarizes or repolarizes the neuronal membrane, this role can 

restrict AP generation and firing rate. Depending on the biophysical profile and specific 

subcellular localization in sensory neurons. conduction of K+ channel is thought to 

suppress peripheral excitability by counteracting AP initiation at peripheral nerve 

terminals, limiting neurotransmitter release at central terminals or lowering conduction 

fidelity across the axon. Furthermore, while normal sensory transduction does not rely 

on cell soma spiking, K+ channels may act as a brake on spontaneous activity 

developing in the DRG soma or other ectopic loci in chronic pain states. Indeed, 

peripheral K+ channel openers on the cell body or terminals always reduce DRG 

excitability, while K+ channel blockers always increase firing [105, 154, 155]. Opening 

K+ channels in the CNS could theoretically lead to increased nociception, especially if 

the affected neuron is part of an inhibitory circuit. Nonetheless, the available evidence 

suggests that a variety of antinociceptive drugs work by directly opening K+ channels in 

the spinal cord. 

GA reduced maximal conductance by 84.1, 13.7 and 43.6% for the concentrations 

1, 10 and 100 µM respectively. From the results we found that current and conductance 

was shifted by GA to depolarized side. The effect of GA on AP parameters also have 

been evaluate where 100 µM GA increased the threshold potential and AHP potential 

and increased AP duration.  

The quercetin effect on the maximal conductance was 36.3, 37.8 and 84% of the 

concentrations 1, 10 and 100 µM consecutively, and I-V and Gk curves shifted to 

depolarized direction. The effect on the AP just concentration 1 µM was statistically 

significant and increased threshold potential and duration of AP 90%. 

RA decreased the maximal conductance by 12.3, 21.2 and 31.2% of the 

concentrations 1, 10 and 100 µM respectively, the effect of concentration 1 µM on AP 

parameters increased the threshold potential and duration of AP 90% and decreased the 

peak, other parameters weren’t statistically significant. 10 µM just decreased AHP 

potential. 
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According to the data presented in this study, we concluded that GA, quercetin, 

and RA could prevent the development of pain by their effect by suppression K+ current 

that participate in the pain initiation, and also, they increased the threshold and duration 

of AP in acutely dissociated DRG cells of rats. So, to produce the pain need higher 

stimulus for AP to elicited from this view, the examined substances have the potential to 

be promising agent as a pain reliever.  
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6. CONCLUSION  

In view of the data presented in our study, we concluded that GA, quercetin and 

have a potential effect of suppression of K+ current and conductance to a degree higher 

than RA so they could have the probability to act as analgesic according to results of all 

parameters that have been evaluated, but that need further investigation. The effect 

doesn’t depend on the concentration because for all three substances; the effect of 

concentration 100 μM is less than the effect of other doses either the higher dose 

decreases the number of channels to be activated or time open probability of the 

channel. 

The data presented here can lead to a better understanding of the effect of these 

polyphenols on the DRG and need more investigation and studies on the exact effect 

and type of channels they are working on. 
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