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painful diabetiC polyneuropathy
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AbstrAct
The purpose of this paper is to review the effectiveness of citicoline as suggested adjuvant therapy for painful diabet-
ic polyneuropathy based on evidences.
Pain is one of the most common symptoms that make patients consult with a doctor, especially chronic pain. One of 
the examples is painful diabetic polyneuropathy, which prevalence is increasing by global development. Diabetic pol-
yneuropathy is the most common cause of neuropathic pain caused by long-term complications of microangiopathy. 
Affect not only individual socioeconomic status but also the psychological aspect of the patient. Neuropathic pain is 
one of the most common causes of long-term disability. Some medicines already recommended as the drug of choice, 
but not all of them give maximum results. Adjuvant neuroprotector therapy is often considered to help manage painful 
diabetic polyneuropathy, such as citicoline, which has been proven in some studies. Painful diabetic polyneuropathy 
is very challenging because of its pathophysiology, which has not fully understood. The different mechanism of pain 
sensation is still unknown but it is thought that the oxidative stress after microangiopathy triggers the discharge of 
abnormal load from damaged neurons. Some analgetics have not given the expected result.
conclusion. Citicoline may be suggested as adjuvant therapy based on evidences with animal subject, but further 
studies with human subject are still needed.
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EPT – extensor postural thrust; 
SFI – sciatic functional index; 
EMG –electromyography; 
MMP – matrix metalloproteinase; 
TIMPs – tissue inhibitors of metalloproteinases 

INtrODUctION

Neuropathic pain is one of the most common 
causes of long-term disability. This condition aris-
es due to damage to neurons that deliver stimula-
tion, both in the central and peripheral nervous 
systems [1,2]. Diabetic polyneuropathy is the most 
common cause of neuropathic pain caused by 
long-term complications of microangiopathy. 
Studies in the United States showed that 47% of 
diabetic patients upon diagnosis was already ac-
companied by neuropathy, with more than half of 

these being distal symmetric polyneuropathy [3,4]. 
Neuropathic pain in diabetic polyneuropathy is 
found in 16% to 26% of patients. The disease’s du-
ration is supposedly related to the development 
and progression of diabetic polyneuropathy, which 
contributes to the onset of neuropathic pain in pa-
tients with diabetes mellitus [5].

The risk factors for neuropathic pain due to di-
abetic polyneuropathy are still unknown compared 
to painless diabetic neuropathy. Yet, they are 
thought to be due to chronic hyperglycemia as a 
significant risk factor [6]. The factors that cause 



Romanian JouRnal of neuRology – Volume XX, No. 2, 2021130

the development of diabetic polyneuropathy are 
not fully understood. Generally, these factors are 
described into two types, namely metabolic and 
vascular factors [7]. Prolonged hyperglycemia re-
sults in increased activity of the polyol pathway, 
formation of free radicals and activation of protein 
kinase C. Activation of these pathways results in a 
lack of vasodilation, resulting in decreased blood 
flow to the nerves, resulting in diabetic polyneu-
ropathy [8]. Hyperglycemia also stimulates the 
production of reactive oxygen species, which 
cause vascular endothelial damage and neutralize 
nitric oxide. This can prevent microvascular vaso-
dilation. The mechanism can be through thicken-
ing of the basal membrane, thrombocytes in in-
traneural arterioles, an increase in platelet 
aggregation; reduced nerve blood flow and in-
creased vascular resistance; and axonal stasis, 
swelling, and demyelination of the nerves due to 
acute ischemia [9].

Symptoms of neuropathic pain are experienced 
by half of the patients with diabetic polyneuropa-
thy, with chronic peripheral sensorimotor neuropa-
thy as the most commonly found. Generally, pain 
is bilaterally symmetrical, progresses slowly, and 
starts from the distal area [3]. Symptoms can also 
be asymmetrical or focal and multifocal, or sym-
metrical or diffuse [6]. Pain sensations vary be-
tween patients; some might describe the pain, such 
as burning, shock, or needling. The different mech-
anism of pain sensation is still unknown, but it is 
thought that the oxidative stress after microangi-
opathy triggers the discharge of abnormal load 
from damaged neurons. The intensity of pain in 
most patients is moderate to severe, and it is not 
uncommon to find hyperalgesia and allodynia [10].

MANAGEMENt OF PAINFUL DIAbEtIc 
NEUrOPAtHY

Many aspects need to be engaged in controlling 
painful diabetic polyneuropathies, such as glyce-
mic control, general care, and symptomatic treat-
ment. Glycemic control and HbA1c routine moni-
toring are the basics that need to be done; it is 
suggested that the HbA1c level is below 6%-7%. 
Other metabolic factors, such as hemoglobin, al-
bumin, and lipid, also need to be controlled. [9] 
Keeping skin hygiene and avoiding any injury of 
the lower extremity is necessary to prevent com-

plications such as infection, gangrene, and ampu-
tation [11].

Painful diabetic polyneuropathy has its chal-
lenge because of its pathophysiology, which has 
not fully understood, and some analgetics have not 
given the expected result. Several drugs, stan-
dalone or combination, have been proven to signif-
icantly reduce neuropathic pain compared with 
placebo in some clinical trials, but these analgetics 
are still not adequate for most patients. In daily 
practice, there is rarely a single drug capable of 
treating painful diabetic polyneuropathy. Even so, 
treatment of pain usually starts with antidepres-
sants or anticonvulsant medication. The dose can 
be increased until the maximum dose or if side ef-
fect starts to arise [7].

Pregabalin is a type of anticonvulsant known to 
overcome pain in diabetic polyneuropathy, with 
the recommended dosage of 300-600 mg/day. 
Some guidelines also recommend gabapentin 900-
3,600 mg/day [9]. Antidepressants are also an op-
tion in the treatment of painful diabetic polyneu-
ropathy, which are serotonin-norepinephrine 
reuptake inhibitor group and tricyclic antidepres-
sants. Duloxetine and venlafaxine, two types of 
SNRIs, have been approved in the United States to 
treat painful diabetic polyneuropathy [7]. The rec-
ommended dosage is 60-120 mg/day for duloxe-
tine and 75-225 mg/day for venlafaxine. Amitrip-
tyline is proven to be as effective as gabapentin in 
a meta-analysis study, with a dose of 25-100 mg/
day [9]. Opioids are recommended as a second or 
third-line treatment for painful diabetic polyneu-
ropathy. One study reported tramadol effective-
ness for significantly increased scores on physical 
and social functioning in patients with painful dia-
betic polyneuropathy. Morphine has also been 
shown to be effective in reducing the average daily 
pain score associated with diabetic polyneuropa-
thy [8]. Other treatments that can be given include 
topical capsaicin, lidocaine patches, and isosorb-
ide dinitrate [7,9].

rEVIEW OF cItIcOLINE

Citicoline or cytidine 5-diphosphocholine 
(CDP-choline) is a nucleotide compound which 
consists of choline, cytosine, pyrophosphate, and 
ribose that can be seen in Figure 1 [12]. Two large 
parts that form citicoline are cytidine and choline, 
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which are connected with the diphosphate chain 
[13]. Those components are essential in the cell 
membrane’s phospholipid biosynthesis, such as 
phosphatidylcholine and biosynthesis of one pri-
mary neurotransmitter acetylcholine. Adequate 
synthesis of phospholipid is necessary for cell 
membranes to keep the cell’s function [14].

FIGURE 1. Chemical structure of citicoline [12]

Pharmacokinetic

Oral citicoline is hydrophilic and has a biphasic 
peak plasma level, one hour, and 24-hour post-ad-
ministration. Oral citicoline absorption is quick, 
and its bioavailability is more than 90%, with ex-
cretion in feces less than 1%. [13-15]. Citicoline is 
hydrolyzed in the small intestine and liver, with 
products such as choline and cytidine. Both of 
these precursor compounds are distributed in the 
body’s tissues, including the central nervous sys-
tem, and are re-synthesized into citicoline by the 
enzyme cytidine-triphosphate-phosphocholine 
cystidylyl transferase. Although only a small 
amount of citicoline passes through the blood-
brain barrier as choline and cytidine, its use in the 
central nervous system is very efficient. This pre-
cursor level will increase to 2% if citicoline is giv-
en intravenously [15].

A metabolite of citicoline, which is choline and 
cytidine, re-synthesized endogenous citicoline, 
which then will help the formation of neuron phos-
pholipid [14]. Choline, which is classified in the B 
group of vitamins, plays a role in three metabolic 
processes, namely the synthesis of phospholipids 
through phosphorylcholine, acetylcholine synthe-
sis, and oxidation of betaine as methyl donors. Af-
ter being converted to uridine, cytidine is a major 
component of nucleic acid synthesis and synthesis 
of membrane and glycosylation components [12]. 
Cytidine will later undergo cytoplasmic conver-
sion to cytidine triphosphate. In citicoline metabo-

lism, choline will be phosphorylated by the en-
zyme choline and produce phosphorylcholine. 
This phosphorylcholine combines with cytidine 
triphosphate to form citicoline. Excretion is main-
ly through the lungs and kidneys, with an elimina-
tion half-life of 56 hours for CO2 and 71 hours for 
urine [12,15].

Pharmacodynamic

Citicoline has some neuroprotector mecha-
nisms. As a phospholipid precursor, citicoline 
maintains the integrity of damaged neuron cell 
membranes, for example, ischemia. The ischemic 
condition will lead to the destruction of cell mem-
branes, which triggers pro-inflammatory cascade, 
causing free fatty acid, arachidonic acid, and glyc-
erol buildup. Formed toxin metabolites such as 
prostaglandin, thromboxane and free radicals will 
worsen the neuron cell’s damage. Administration 
of citicoline is proven to reduce free fatty acids, 
arachidonic acid, and other toxin metabolites, 
thereby preventing worsening conditions due to 
inflammatory processes and preventing organ 
damage due to endotoxins [14]. Citicoline inhibits 
phospholipid catabolism (autocanibalism) and has 
a protective effect on ATPase membranes and en-
zymes, which are essential for nerve metabolism, 
specifically succinyl dehydrogenase and citrate 
synthetase [12]. Citicoline maintains cardiolipin 
by inhibiting the activity of phospholipase-A2, 
which is a component of the mitochondrial mem-
brane. Cardiolipin is an important regulator in 
maintaining the mitochondrial function, thus ena-
bling cell healing and regeneration [13].

PAtHOLOGY OF PAINFUL DIAbEtIc 
POLYNEUrOPAtHY, EVIDENcE OF 
cItIcOLINE EFFEctIVENEss ON 

PErIPHErAL NErVE LEsION, AND tHEIr 
sUGGEstED cOrrELAtION

Diabetic polyneuropathy that affect sensorimo-
tor system can manifest as pain, paresthesia, or 
hypo-/anesthesia [3,4,10]. Mechanism of these dif-
ferent sensation disturbances still could not be dis-
tinguished, but it is believed to be multifactorial. 
Abnormal discharge or ectopic impulse firing in 
the peripheral nociceptor system can cause painful 
sensations due to hyperexcitability of neural mem-
brane. Microangiopathy that leads to oxidative 
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stress is suggested as the main pathological pro-
cess in diabetic polyneuropathy [16]. Thickening 
of basal membrane, endothelial and smooth mus-
cle edema, and excessive platelet aggregation are 
seen in vascular abnormality. Evidence of inflam-
mation process also has been proved as pathologi-
cal mechanism in diabetic polyneuropathy [6]. 
Painful diabetic polyneuropathy is one of periph-
eral nerve lesion that commonly found in general 
population. Beside the glycemic control, author 
suggested that neuroprotector administration could 
be beneficial in neural regeneration, although there 
is still lack of evidence with human sample. These 
are some evidence that showed the effectiveness of 
citicoline in peripheral nerve lesion, with or with-
out neuropathic pain.

Emril et al. reported citicoline administration 
inhibits neuropathic pain and accelerate motoric 
improvement in 4 weeks on animal trial with sciat-
ic nerve lesion. The subjects of this study were ex-
posed to trauma to the sciatic nerve of the right 
medial region of the femur, then given a gelatin 
sponge containing citicoline 0.4 ml (100 μmol/l), 
citicoline 0.8 ml (100 μmol/l), and 0.4 ml of saline 
as control. The evaluation was carried out four 
weeks post-trauma, which made use of Von-Frey 
filaments with a threshold of 100 g for the assess-
ment of neuropathic pain and the extensor postural 
thrust (EPT) test for the evaluation of motor func-
tion. Sciatic functional index (SFI) was assessed 
by analyzing the image of the animal’s paw when 
walking. The results showed the citicoline 0.4 ml 
subject group had a lower pain percentage than the 
control group (23.53% versus 53.33%). The EPT 
test also showed better motor improvement. In 
contrast, the portion of pain was found to be higher 
(66.67%) and poor EPT test in the 0.8 ml citicoline 
subject group, probably due to the suppression of a 
sponge with a higher volume. SFI analysis did not 
show significant differences between the three 
groups. From this study, it can be concluded tem-
porarily that citicoline has the potential to help the 
recovery of peripheral nerves through its mecha-
nism to help regenerate axons [17].

Another study conducted by Ozay et al. showed 
improvement of peripheral nerve lesion on animal 
trials after citicoline administration. Transection of 
the right sciatic nerve and the epidural suture was 
performed on subjects. The subjects were given 
topical agents and divided into two groups: the 

group with citicoline 0.4 ml and group with saline 
0.4 ml. After 12 weeks, functional recovery ap-
peared to be significantly better on the group with 
citicoline compared with the control group. The 
citicoline subject group significantly showed a 
more significant number of axons and mean axon 
diameters and a better histological organization of 
axons. Besides, the quantity of postoperative scar-
ring was comparatively lower than in the control 
group. The amplitude of the action potential was 
assessed with electromyography (EMG), which 
showed significantly better results in the subject 
group with citicoline [18]. The findings of Liu et 
al. also showed the same results as the sciatic nerve 
transection method. The subject group with citi-
coline (80 mg/ml) showed good EMG results three 
months later and improved edema and nerve adhe-
sion [19].

A study by Aslan et al. used an animal trial that 
underwent sciatic nerve transection, then divided 
into two groups: epineural repair post-transection 
or three days afterward. Subjects received a topical 
regimen of 0.4 ml of saline or 100 μM citicoline, 
cytidine, choline, or cytidine + choline. SFI analy-
sis in both groups (immediate repair and delayed 
repair) showed a gradual increase at four, eight, 
and 12 weeks post-transection. The group that re-
ceived the citicoline or cytidine + choline regimen 
had a significantly higher percentage of SFI in-
crease in all three periods, increased the number of 
axons to 50%, and a better axon arrangement. In 
the immediate repair group with citicoline or cyti-
dine + choline showed the low formation of scar 
tissue and low levels of adhesion with the sur-
rounding tissue. There were no significant im-
provements in SFI and histology in the cytidine or 
choline regimens [20].

The method of sciatic nerve transection also 
performed by Caner et al., but the difference was 
the intervention was administered through intra-
peritoneal (systemic). Subject animals were divid-
ed into five groups: the group with saline 1 ml/kg 
as control and other subject groups with saline plus 
citicoline, cytidine, choline, and cytidine choline 
600 mmol/kg. SFI improvement is reportedly bet-
ter in the group with citicoline, cytidine, choline, 
and cytidine choline in 8-12 weeks. EMG analysis 
showed better regeneration than the control group, 
which were 228% citicoline, 168% choline, and 
221% cytidine choline compared to controls. The 
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number and density of axons also increased signif-
icantly in these three groups. However, the cyti-
dine subject group did not show any changes in 
SFI, EMG, and histology. Only the subject group 
of citicoline showed a low level of adhesion of 
nerves to the surrounding tissue [21].

Gundogdu et al. reported intraperitoneal ad-
ministration of 600 mg/kg of citicoline was able to 
reduce MMP activity and increase the formation of 
TIMPs to stimulate axon regeneration compared to 
control groups (saline 1 ml/kg). MMP-2 and 
MMP-9 concentrations increase after neuronal 
trauma. During tissue healing, the extracellular 
matrix will indeed be destroyed to reorganize the 
cells in the matrix. However, excessive destruction 
inhibits regeneration itself because there will be 
damage to the blood-neuron barrier that triggers 
macrophage and neutrophil infiltration. TIMP-1 
and TIMP-3 are important proteins that protect 
from excessive destruction by indirectly binding to 
MMP [22,23].

A similar study by Kaplan et al. concluded that 
intraperitoneal citicoline has a dose-dependent ef-
fect in axon regeneration in animals that under-
went sciatic nerve transection and primary anasto-
mosis. Subjects divided into categories based on 
an intervention, which were citicoline 300 μmol/
kg (C-300), 600 μmol/kg (C-600), and 900 μmol/
kg (C-900), with a control group of saline 2 ml. 
C-600 group showed significantly increase SFI on 
12 weeks postoperative, while C-900 group on 8 
and 12 weeks postoperative. Analysis of the action 
potential latency in the C-600 and C-900 EMG 
groups was lower than in the control group. Still, 
there was no significant difference in amplitude 
between the three citicoline groups. Loose connec-

tive tissue appeared around the wound 12 weeks 
postoperatively in the citicoline group, while the 
control group produced solid connective tissue. 
The mean axon density and the number of myeli-
nated axons were significantly higher in the C-900 
group than in the other groups [24].

A clinical trial in humans has been conducted to 
assess ligustrazine and citicoline’s efficacy in the 
treatment of peripheral diabetic polyneuropathy. 
300 subjects were randomly divided into three 
therapy groups, namely the ligustrazine and citi-
coline groups (group A), ligustrazine monotherapy 
(group B), and citicoline monotherapy (group C). 
After four weeks of therapy, improvements in 
blood sugar and cholesterol levels appeared in all 
three groups but did not differ significantly. Symp-
tomatic integral and EMG showed better improve-
ment in group A three months post-treatment (p < 
0.05), while the difference between groups B and 
C was not significant [25].

cONcLUsIONs

The exact pathophysiology of painful diabetic 
polyneuropathy is still unclear. Even analgetic 
therapy can never always completely treat the va-
riety of patient’s symptoms. Citicoline is one of 
the neuroprotector agents who has benefited from 
peripheral nerve lesion, as proved by some studies 
with animal trials. The use of citicoline may be 
recommended as adjuvant therapy, aside from an-
algetic and glycemic control. Further studies with 
a human sample are needed to assess the efficacy 
and safety of citicoline for painful diabetic poly-
neuropathy.
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