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By the 1950s, kidney disease was clearly recognized as a common complication 
of diabetes, with as many as 50% of patients with diabetes of more than 20 years 
having this complication. Currently, diabetic nephropathy is the leading cause of 
chronic kidney disease in the United States and other Western societies. It is also 
one of the most significant long-term complications in terms of morbidity and 
mortality for individual patients with diabetes. Diabetes is responsible for 30-
40% of all end-stage renal disease (ESRD) cases in the United States. Generally, 
diabetic nephropathy is considered after a routine urinalysis and screening for 
micro-albuminuria in the setting of diabetes. Patients may have physical findings 
associated with long-standing diabetes mellitus. Good evidence suggests that 
early treatment delays or prevents the onset of diabetic nephropathy or diabetic 
kidney disease. Regular outpatient follow-up is key role in managing diabetic 
nephropathy successfully. Type II diabetes is a significant health concern in the 
United States and its prevalence is expected to triple by 2050. Both metformin 
and exercise have shown to be effective in the management of blood glucose 
control. Both metformin and exercise have a positive and significant role in the 
management of type 2 diabetes and appear to work similarly to help manage 
blood glucose control. Recent clinical trials like Magnetic Molecular Energizer 
(MME), Bi-Axial Rotating Magnetic Field Therapy are some of the treatment 
which under trials. This will be lead to great discovery in this field. This can be 
useful step towards treating a major complication of diabetic and to save 
diabetic people from severe disease.       

Keywords: Magnetic Molecular Energizer (MME), Bi-Axial Rotating Magnetic 
Field Therapy, Diabetic Neuropathy, micro-albuminuria. 
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1. INTRODUCTION 

Many diabetics go throughout life with few 
complications from their diabetes. However in the same 
way that diabetes may damage a variety of organs in the 
body, it can produce damage to the peripheral nerves, 
giving rise to a variety of "peripheral neuropathies". 
Diabetes mellitus is a disorder that is caused by the 
insufficient production of the pancreatic hormone 
insulin. Without insulin cells are unable to absorb 
glucose, necessary for cellular metabolism and energy 
production. Patients may have type I diabetes (juvenile 
onset) or type II diabetes (adult onset). Individuals with 
either condition are considered to be "diabetic [1-3]." 

Plant Diabetes Insipidus (DI) - A disorder which occurs 
secondary to the inadequate secretion of antidiuretic 
hormone (vasopressin) by the posterior pituitary gland. 
Diabetes insipidus is seen more common in the younger  

 
 
patient. There are two forms of diabetes insipidus (DI): 
central and nephrogenic. Insulin Dependent Diabetes is a 
form of diabetes that requires the daily injection of the 
hormone insulin to maintain normal body chemistry. 
Avoidance of insulin in these patients will result in a 
severe metabolic derangement known as diabetic 
ketoacidosis. 
Non-Insulin Dependent Diabetes is the most often a 
milder form of diabetes that has gradual onset in 
individuals over the age of 35. Diabetic complications 
can still occur in these patients. Treatment is often 
effective with diet control and exercise. Occasionally the 
addition of an oral hypoglycemic agent will be indicated 
[1-5]. 

1.1 Diabetes Complications 

People with diabetes are vulnerable to a variety of 
complications over time. Health-care providers all agree 
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that strict control of blood sugar makes complications 
less likely. This was shown clearly by the Diabetes 
Control and Complications Trial. Control of blood sugar 
is the best way to minimize the risk of complications. 
Diabetes complications affect the eyes, kidneys, nerves, 
and large and small blood vessels [2-5]. This can be seen 
as under: 

Table 1:  Organs Affected In Diabetic Complication 

 
Nearly 70% of persons with diabetes experience some 
degree of nerve damage or neuropathy. Neuropathy 
occurs in people with Type I and Type II diabetes, due to 
metabolic changes associated with diabetes. Constant 
high blood sugar destroys both nerve fiber (axon) and 
the fatty insulation that surrounds it (myelin ). Damaged 
nerves do not transmit proper signals, resulting in a loss 
of sensation, hypersensation, or pain [6-8]. 

1.2.1 CAUSES [5-8]: 

The causes are probably different for different varieties 
of diabetic neuropathy. Researchers are studying the 
effect of glucose on nerves to find out exactly how 
prolonged exposure to high glucose causes neuropathy. 
Nerve damage is likely due to a combination of factors: 
 Metabolic factors, such as high blood glucose, long 
duration of diabetes, possibly low levels of insulin, and 
abnormal blood fat levels. 
 Neurovascular factors, leading to damage to the 
blood vessels that carry oxygen and nutrients to the 
nerves. 
 Autoimmune factors that cause inflammation in 
nerves. 
 Mechanical injury to nerves, such as carpal tunnel 
syndrome. 
 Inherited traits that increase susceptibility to nerve 
disease. 
 Lifestyle factors such as smoking or alcohol use. 

1.2.2 SYMPTOMS [6, 7-9]: 

Symptoms depend on the type of neuropathy and which 
nerves are affected. Some people have no symptoms at 
all. For others, numbness, tingling, or pain in the feet is 
often the first sign. A person can experience both pain 
and numbness. Often, symptoms are minor at first, and 
since most nerve damage occurs over several years, mild 
cases may go unnoticed for a long time. Symptoms may 
include 
 Numbness, tingling, or pain in the toes, feet, legs, 
hands, arms, and fingers 
 , nausea, or vomiting 
 Diarrhea or constipation 
 Dizziness or faintness due to a drop in postural 
blood pressure 
 Problems with urination 

 Erectile dysfunction (impotence Wasting of the 
muscles of the feet or hands 
 Indigestion) or vaginal dryness 
 Weakness 
 Abnormal sweating after eating 
 Inappropriate response to temperature changes, 
such as constricting blood vessels in warm temperatures 
 Nausea and early fullness when eating, delayed 
emptying stomach, or vomiting 
 Watery diarrhea, often at night and without warning 
 Incomplete emptying of bladder, leading to urinary 
tract infections 
 Sexual disfunction, including impotence and delayed 
vaginal lubrication 
 Drop in blood pressure upon sitting or standing 
 Rapid heart beat 
In addition, the following symptoms are not due to 
neuropathy but nevertheless often accompany it: 
 weight loss 
 depression 

1.3 Tests for Neuropathy 

To confirm the diagnosis of neuropathy either patient is 
sent to a neurologist and/or requested an EMG test. In 
the EMG laboratory neuropathy is tested for by applying 
small electrical shocks to the nerves and recording the 
activity from muscles or from the same nerve some 
distance away. Sometimes this test is accompanied by a 
fine needle being inserted in one or more muscles [8]. 

2. TYPES OF DIABETIC NEUROPATHY 

Diabetic neuropathy is a nerve disorder caused by 
diabetes. Symptoms of neuropathy include numbness 
and sometimes pain in the hands, feet, or legs. Nerve 
damage caused by diabetes can also lead to problems 
with internal organs such as the digestive tract, heart, 
and sexual organs, causing indigestion, diarrhea or 
constipation, dizziness, bladder infections, and 
impotence [5, 7]. It is following types:- 

2.1 AUTONOMIC NEUROPATHY [5, 6, 8, 9-15]: 

Autonomic neuropathy affects the nerves that control 
the heart, regulate blood pressure, and control blood 
glucose levels. It also affects other internal organs, 
causing problems with digestion, respiratory function, 
urination, sexual response, and vision. In addition, the 
system that restores blood glucose levels to normal after 
a hypoglycemic episode may be affected, resulting in loss 
of the warning signs of hypoglycemia such as sweating 
and palpitations. Autonomic neuropathy affects the 
autonomic nerves, which control the bladder, intestinal 
tract, and genitals, among other organs. Paralysis of the 
bladder is a common symptom of this type of 
neuropathy. Autonomic neuropathy can also cause 
impotence (erectile dysfunction) when it affects the 
nerves that control erection with sexual arousal. 
Diarrhea can occur when the nerves that control the 
small intestine are damaged. The diarrhea occurs most 
often at night. Constipation is another common result of 
damage to nerves in the intestines. Sometimes, the 
stomach is affected. It loses the ability to move food 
through the digestive system, causing vomiting and 
bloating. This condition, called gastro paresis, can 
change how fast the body absorbs food. It can make it 
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hard to match insulin doses to food portions. However, 
other problems can also cause hypoglycemia 
unawareness so this does not always indicate nerve 
damage [9]. 

 

Figure 1: Autonomic neuropathy affects the nerves in 
your lungs, heart, stomach, intestines, bladder, and 

sex organs. 

2.1.1 CARDIOVASCULAR AUTONOMIC NEUROPATHY 

The risk of cardiovascular events is at least two to four 
times higher in patients with diabetes. Cardiovascular 
neuropathy is a result of damage to vagal and 
sympathetic nerves. Clinical findings may include 
exercise intolerance, persistent sinus tachycardia, and no 
variation in heart rate during activities, and bradycardia. 
Baroreceptor disease contributes to supine 
hypertension. 

2.1.2 VASOMOTOR AUTONOMIC NEUROPATHY 

Vasomotor neuropathy frequently causes orthostatic 
hypotension by affecting the splanchnic and peripheral 
vascular beds. Symptoms of syncope or dizziness often 
have day-to-day variability and may be exacerbated by 
insulin therapy or the postprandial state, in which there 
is splanchnic shunting of blood. The evaluation should 
include vital signs, an ECG, and orthostatic blood 
pressure measurements. 

In diabetic neuropathy, neuronal input to the peripheral 
vasculature is decreased or absent. Resultant peripheral 
vasomotor instability can manifest as persistent excess 
peripheral circulation (hyperemia) and peripheral 
edema. Loss of sympathetic tone in the blood vessels 
results in maximal vasodilatation, which can lead to 
arteriovenous shunting in the soft tissue and bone. 
Increased blood flow through the bone causes calcium to 
wash from the cortical stores. Defective bone 
homeostasis and bone demineralization may result [5]. 

2.1.3 GASTROINTESTINAL AUTONOMIC 
NEUROPATHY 

Gastrointestinal autonomic neuropathy may cause 
paresis anywhere in the digestive tract, with damage to 
small myelinated and unmyelinated splanchnic nerves. 
Reduced contraction amplitudes of the tubular 
esophagus may cause mild dysphagia. Motility studies, 
such as scintigraphy after a radio labeled meal, are 
helpful in the evaluation of nausea, vomiting, early 
satiety, and delayed gastric emptying. Diabetic diarrhea 

is caused by increased or uncoordinated transit time in 
the small intestine, bacterial overgrowth, or increased 
intestinal secretion. Stool cultures and flexible 
sigmoidoscopy may be helpful in excluding other causes 
of diarrhea, such as parasitic infection, colon cancer or 
polyps, celiac sprue, and inflammatory bowel disease. 

2.1.4 URINARY TRACT AND SEX ORGANS 

Autonomic neuropathy most often affects the organs that 
control urination and sexual function. Nerve damage can 
prevent the bladder from emptying completely, allowing 
bacteria to grow in the bladder and kidneys and causing 
urinary tract infections. When the nerves of the bladder 
are damaged, urinary incontinence may result because a 
person may not be able to sense when the bladder is full 
or control the muscles that release urine. 
Neuropathy can also gradually decrease sexual response 
in men and women, although the sex drive is unchanged. 
A man may be unable to have erections or may reach 
sexual climax without ejaculating normally. A woman 
may have difficulty with lubrication, arousal, or orgasm. 

2.1.5 SWEAT GLANDS 

Autonomic neuropathy can affect the nerves that control 
sweating. When nerve damage prevents the sweat 
glands from working properly, the body cannot regulate 
its temperature properly. Nerve damage can also cause 
profuse sweating at night or while eating. 

2.1.6 EYES 

Finally, autonomic neuropathy can affect the pupils of 
the eyes, making them less responsive to changes in 
light. As a result, a person may not be able to see well 
when the light is turned on in a dark room or may have 
trouble driving at night [5]. 

2.2 PERIPHERAL NEUROPATHY: 

This type of neuropathy damages nerves in the arms and 
legs. The feet and legs are likely to be affected before the 
hands and arms. Many people with diabetes have signs 
of neuropathy upon examination but have no symptoms 
at all. Symptoms of peripheral neuropathy may include 
 Numbness or insensitivity to pain or temperature 
 A tingling, burning, or prickling sensation 
 Sharp pains or cramps 
 Extreme sensitivity to touch, even a light touch 
 Loss of balance and coordination 
These symptoms are often worse at night. 
Peripheral neuropathy may also cause muscle weakness 
and loss of reflexes, especially at the ankle, leading to 
changes in gait (walking). Foot deformities, such as 
hammertoes and the collapse of the mid foot, may occur. 
Blisters and sores may appear on numb areas of the foot 
because pressure or injury goes unnoticed. If foot 
injuries are not treated promptly, the infection may 
spread to the bone, and the foot may then have to be 
amputated. Some experts estimate that half of all such 
amputations are preventable if minor problems are 
caught and treated in time [10-15]. 

2.3 PROXIMAL NEUROPATHY: 

Proximal neuropathy, sometimes called lumbosacral 
plexus neuropathy, femoral neuropathy, or diabetic 
amyotrophy, starts with pain in the thighs, hips, 
buttocks, or legs, usually on one side of the body. This 
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type of neuropathy is more common in those with type 2 
diabetes and in older people. It causes weakness in the 
legs, manifested by an inability to go from a sitting to a 
standing position without help. Treatment for weakness 
or pain is usually needed. The length of the recovery 
period varies, depending on the type of nerve damage 
[16-17]. 

2.4 FOCAL NEUROPATHY: 

Occasionally, diabetic neuropathy appears suddenly and 
affects specific nerves, most often in the head, torso, or 
leg. Focal neuropathy may cause 
 to focus the eye 
 Inability double vision 
 Aching behind one eye 
 Paralysis on one side of the face (Bell's palsy) 
 Severe pain in the lower back or pelvis 
 Pain in the front of a thigh 
 Pain in the chest, stomach, or flank 
 Pain on the outside of the shin or inside the foot 
 Chest or abdominal pain that is sometimes mistaken 
for heart disease, heart attack, or appendicitis 
Focal neuropathy is painful and unpredictable and 
occurs most often in older people. However, it tends to 
improve by itself over weeks or months and does not 
cause long-term damage. 
People with diabetes also tend to develop nerve 
compressions, also called entrapment syndromes. One of 
the most common is carpal tunnel syndrome, which 
causes numbness and tingling of susceptible to 
entrapment may cause pain on the outside of the shin or 
the inside of the foot [18-19]. 

2.5 OTHER NEUROPATHIES [5, 6-8]: 

2.5.1 FEMORAL NEUROPATHY: 

It is also a common type of neuropathy. It occurs most 
often in people with type 2 diabetes. A pain may develop 
in the front of one thigh.  Muscle weakness follows, and 
the affected muscles waste away.  A different kind of 
neuropathy that also affects the legs is called diabetic 
amyotrophy. In this case, weakness occurs on both sides 
of the body, but there is no pain.  Doctors do not 
understand why it occurs, but blood vessel disease may 
be the cause. 

Another common mononeuropathy is thoracic or lumbar 
radiculopathy. It is like femoral neuropathy, except that 
it occurs in the torso. It affects a band of the chest or 
abdominal wall on one or both sides. It seems to occur 

more often in people with type 2 diabetes. Again, people 
with this neuropathy get better with time. 
Unilateral foot drop is when the foot can't be picked up. 
It occurs from damage to the peroneal nerve of the leg by 
compression or vessel disease.  Foot drop can improve. 

2.5.2 DIABETIC TRUNCAL NEUROPATHY: 
This is also one of the less common diabetic 
neuropathies. The symptoms are characteristically 
numbness and tingling and burning and a sensation as if 
the skin has been scalded in a patch of varying size over 
the front or back of the chest or abdomen. A 
characteristic symptom is also sensitivity of the skin so 
that even the touch of clothes is unpleasant. 

2.5.3 COMPRESSION MONONEUROPATHY: 

Compression mononeuropathy occurs when a single 
nerve is damaged. It is a fairly common type of 
neuropathy. There seem to be two kinds of damage. In 
the first, nerves are squashed at places where they must 
pass through a tight tunnel or over a lump of bone. 
Nerves of people with diabetes are more prone to 
compression injury. The second kind of damage arises 
when blood vessel disease caused by diabetes restricts 
blood flow to a part of the nerve. Carpal tunnel 
syndrome is probably the most common compression 
mononeuropathy. It occurs when the median nerve of 
the forearm is compressed at the wrist. 

2.5.4 CHARCOT'S JOINT NEUROPATHY: 

Charcot's Joint, also called neuropathic arthropathy, 
occurs when a joint breaks down because of a problem 
with the nerves. This type of neuropathy most often 
occurs in the foot. In a typical case of Charcot's Joint, the 
foot has lost most sensation.  People at risk for Charcot's 
Joint are those who already have neuropathy. They 
should be aware of symptoms such as swelling, redness, 
heat, strong pulse, and insensitivity of the foot. Early 
treatment can stop bone destruction and aid healing. 

2.5.5 CRANIAL NEUROPATHY: 

Cranial neuropathy affects the 12 pairs of nerves that are 
connected with the brain and control sight, eye 
movement, hearing, and taste. 
Most often, cranial neuropathy affects the nerves that 
control the eye muscles. The neuropathy begins with 
pain on one side of the face near the affected eye. Later, 
the eye muscle becomes paralyzed. Symptoms of this 
type of neuropathy usually get better or go away within 
2 or 3 months. 

 

Table-2 Organ Affected By Different Neuropathy 

 

PERIPHERAL 
NEUROPATHY 

AUTONOMIC 
NEUROPATHY 

PROXIMAL 
NEUROPATHY 

FOCAL NEUROPATHY 

Toes Heart and blood 
vessels 

Thigh Eyes 

Feet Digestive sytem Hips Facial muscels 
Legs Urinary tract buttocks ears 
Hands Sex organs  Pelvis 

Arms Sweat glands and eyes  Lower back 
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3.1 Preventing Complications of Diabetic Neuropathy 
[8, 17, 19-25]: 

Early detection and control of diabetes and coexisting 
risk factors for neuropathy (e.g., smoking, alcohol abuse, 
hypertension) can prevent, delay, or slow the 
progression of diabetic neuropaty. 

3.1.1 GLYCEMIC CONTROL 

The Diabetes Control Complications Trial (DCCT) 
demonstrated that tight glycemic control may result in a 
60 percent reduction in the risk of developing clinical 
neuropathy. The American Diabetes Association (ADA) 
has adopted the DCCT-established standards for tight 
glycemic control in patients with type 1 diabetes, 13 to 
39 years of age at initiation of the study: a mean blood 
glucose level of 155 mg per dL (8.6 mmol per L) and a 
hemoglobin A1C value of 7.2 percent [17,19,20]. In 
patients with type 2 diabetes, the A1C value should be 
less than 7.0 percent, and peak postprandial plasma 
glucose levels should be less than 180 mg per dL (10.0 
mmol per L). No clinical trial data are available on the 
effects of glycemic control in older patients, in young 
children, or in patients with advanced complications. 

3.1.2 FOOT CARE 

Daily foot care is essential for preventing complications 
of diabetic neuropathy. Patients should be instructed to 
inspect their feet daily for dry or cracking skin, fissures, 
plantar callus formation, and signs of infection between 
the toes and around the toenails. Application of topical 
ointments to intertriginous areas should be avoided. 
Properly fitted footwear is crucial. New shoes are a 
common cause of ulceration and should be broken in 
slowly. Patients also should avoid sources of possible 
trauma, such as walking barefoot, cutting nails 
incorrectly, and exposing their feet to hot objects or 
chemicals such as hydrogen peroxide, iodine, or 
astringents (e.g., witch hazel). 
 
 

 

Figure 3: The 10-g monofilament test for diabetic 
neuropathy. Calluses must be reduced before testing 
is performed. 
 
Proximal diabetic neuropathy and truncal neuropathy 
are two examples. However the commonest of the 
diabetic neuropathies, diabetic polyneuropathy, does not 
recover on its own and nor are there any medications 
that can cure or halt its progression. Controlling pain and 

burning and discomfort in patients with diabetic 
polyneuropathy is very important. This can be done in 
milder cases with aspirin or acetaminophen or these 
medications combined with low doses of codeine 
.Diabetic polyneuropathy is one of the contributing 
factors to the development of foot ulcers. 

For carpal tunnel syndrome the treatment is the same 
for a diabetic as a non-diabetic. The first step is for the 
patient to wear a wrist splint at night. This often controls 
the daytime symptoms as well. If this does not improve 
the symptoms then a small surgical decompression of 
the nerve at the wrist is indicated. For ulnar 
neuropathies at the elbow, the first important step is to 
avoid leaning on the elbows because this can squash the 
nerve [20-22]. 

3.2 Diagnosis and Tests:- 

Neuropathy is diagnosed on the basis of symptoms and a 
physical exam. During the exam, the doctor may check 
blood pressure and heart rate, muscle strength, reflexes, 
and sensitivity to position, vibration, temperature, or a 
light touch [8]. 

The doctor may also do other tests to help determine the 
type and extent of nerve damage. 

3.2.1 A comprehensive foot exam assesses skin, 
circulation, and sensation. The test can be done during a 
routine office visit. To assess protective sensation or 
feeling in the foot, a nylon monofilament (similar to a 
bristle on a hairbrush) attached to a wand is used to 
touch the foot. Those who cannot sense pressure from 
the monofilament have lost protective sensation and are 
at risk for developing foot sores that may not heal 
properly. Other tests include checking reflexes and 
assessing vibration perception, which is more sensitive 
than touch pressure. 

3.2.2 Nerve conduction studies check the transmission 
of electrical current through a nerve. With this test, an 
image of the nerve conducting an electrical signal is 
projected onto a screen. Nerve impulses that seem 
slower or weaker than usual indicate possible damage. 
This test allows the doctor to assess the condition of all 
the nerves in the arms and legs [23-24]. 

3.2.3 Electromyography (EMG) shows how well 
muscles respond to electrical signals transmitted by 
nearby nerves. The electrical activity of the muscle is 
displayed on a screen. A response that is slower or 
weaker than usual suggests damage to the nerve or 
muscle. This test is often done at the same time as nerve 
conduction studies [23-24]. 

3.2.4 Quantitative sensory testing (QST) uses the 
response to stimuli, such as pressure, vibration, and 
temperature, to check for neuropathy. QST is 
increasingly used to recognize sensation loss and 
excessive irritability of nerves [23-24]. 

3.2.5 A check of heart rate variability shows how the 
heart responds to deep breathing and to changes in 
blood pressure and posture [25]. 

3.2.6 Ultrasound uses sound waves to produce an image 
of internal organs. An ultrasound of the bladder and 
other parts of the urinary tract, for example, can show 
how these organs preserve a normal structure and 
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whether the bladder empties completely after urination 
[25]. 

3.2.7 Nerve or skin biopsy involves removing a sample 
of nerve or skin tissue for examination by microscope. 
This test is most often used in research settings [25] 

3.3 Treatment: 

3.3.1 MANAGEMENT OF PAINFUL DIABETIC 
NEUROPATHY: FOCUS ON TRICYCLIC 
ANTIDEPRESSANTS AND GABAPENTIN: 

The pathogenesis of painful diabetic neuropathy is 
presumed to be multi-factorial. The medications that 
have been used to treat diabetic neuropathy primarily 
target pain symptoms, perhaps by the release of 
endorphins or biogenic amines. There are no known 
cures for neuropathy, and therefore, treatment is only 
symptomatic. With an increased understanding of the 
pathogenesis of diabetic neuropathy, new medications 
may be developed to treat the etiology. Currently, 
prevention should be the focus of treatment. 
Hyperglycemia and/or rapid fluctuations in glucose 
levels have been shown to decrease pain tolerance. The 
DCCT trial showed that tight glycemic control can delay 
the onset and slow the progression of neuropathy in 
insulin-dependent diabetics. The UKPDS trial also 
suggests that intensive glucose control in type 2 
diabetics may reduce the occurrence of micro vascular 
complications, including neuropathy. Nonpharmacologic 
therapy such as stretching exercises should be 
encouraged to offer relief of pain. Electrotherapy is 
another alternative, as it may benefit some patients who 
cannot tolerate or do not respond fully to medications. If 
these therapies do not completely resolve the patient's 
symptoms, treatment with medications may be 
considered. Drug treatment primarily includes 
antidepressants, anticonvulsants, and capsaicin [26-28]. 

TRICYCLIC ANTIDEPRESSANTS: 

Tricyclic antidepressants are the most widely studied 
agents for the treatment of diabetic neuropathy. They 
inhibit the reuptake of serotonin and nor epinephrine to 
varying degrees in the central nervous system; this is 
thought to have an inhibitory effect on nociceptive 
pathways. Tricyclic antidepressants can be divided into 
two groups- tertiary and secondary amines. 
Amitriptyline, clomipramine, doxepin, imipramine, and 
trimipramine are tertiary amines that block serotonin 
reuptake more than nor epinephrine reuptake. 
Secondary amines, including desipramine, nortriptyline, 
and protriptyline, block norepinephrine reuptake more 
than serotonin reuptake. This may help to explain some 
of the differences between the agents [26-28]. 

Efficacy of the tricyclic antidepressants, amitriptyline 
appears to be the most efficacious in the treatment of 
diabetic neuropathy when compared to placebo. The 
usefulness of nortriptyline remains to be determined 
since it has only been studied as combination therapy. 
For each of the tricyclic antidepressants, dose titration is 
necessary to achieve maximum response. Pain relief 
occurs regardless of patients' depression status [29-30]. 

SAFETYSSUES 
Because of their anticholinergic adverse effects, tricyclic 
antidepressants should be used cautiously in patients 

with benign prostatic hypertrophy, urinary retention, 
angle-closure glaucoma, and cardiovascular disease. 
Patients with cardiovascular disease should be closely 
monitored and have periodic ECG monitoring if tricyclic 
antidepressants are used. Tricyclic antidepressants are 
contraindicated in the acute recovery phase post-MI. 
They should also be used cautiously in patients with a 
history of seizures since they have the potential to 
decrease the seizure threshold. Elderly patients may be 
more sensitive to the adverse effects of tricyclic 
antidepressants, in part due to their increased potential 
for impaired hepatic function. Amitriptyline is on the 
Beer's list of medications that are considered 
inappropriate in the elderly due to its anticholinergic 
side effects. Imipramine and clomipramine also have 
many anticholinergic properties and would impart a 
similar risk. Patients with impaired hepatic function may 
have accumulation of the drug, and therefore, close 
monitoring should be done. Patients who require mental 
alertness or physical coordination for various activities 
should also use caution with tricyclic antidepressants 
[31-32]. 

ADVERSE EFFECTS 

Adverse effects for these drugs relate to blockade of 
histamine H1, muscarinic, and a1-adrenergic receptors 
and include drowsiness, hypotension, dry mouth, 
blurred vision, constipation, urinary retention, memory 
dysfunction, dizziness, and reflex tachycardia.Tricyclic 
antidepressants also have quinidine-like properties 
which may result in cardiotoxicity. The tertiary amines 
are thought to have more anticholinergic side effects, 
cardiotoxicity, and impairment of memory and cognition. 

Withdrawal symptoms may occur if tricyclic 
antidepressants are abruptly stopped. Symptoms may 
include headache, dizziness, nausea, anxiety, myalgia, 
and chills. Even after gradual withdrawal, patients may 
experience restlessness, irritability, and sleep 
disturbances. If patients are on prolonged therapy with 
high doses, tricyclic antidepressants should be slowly 
tapered over 1 to 2 weeks or based on the patient's 
response [31-32]. 

DOSING 
Tricyclic antidepressants should be started at a low dose 
and slowly titrated to response and adverse effects. 
Anticholinergic adverse effects may limit the dose that 
can be achieved. The lowest effective dose should be 
used to minimize side effects [31-32]. 

GABAPENTIN 

Gabapentin is an anticonvulsant that has been shown to 
be effective in the treatment of diabetic neuropathy. 
Evidence suggests gabapentin may increase GABA 
synthesis/facilitation or alter binding to high voltage-
active sodium and calcium channels [33-34]. 

EFFICACY 
Gabapentin has been shown to be effective in the 
treatment of diabetic neuropathy at doses greater than 
900 mg/day. The current study comparing gabapentin to 
amitriptyline is difficult to interpret, as the mean 
amitriptyline dose is less than in previous studies. 
Further studies need to be performed to clarify these 
results [33-34]. 
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SAFETY ISSUES 

Gabapentin is generally well tolerated, as the 
discontinuation rate in premarketing controlled clinical 
trials for seizures was approximately 7%. The most 
common adverse effects are somnolence, dizziness, 
ataxia, fatigue and nystagmus. Patients should be 
cautioned that this medication might impair their 
cognition and ability to operate machinery. In addition, 
gabapentin should be used cautiously in patients with 
renal impairment and dosed accordingly. Caution should 
be used when discontinuing gabapentin in patients with 
a history of epilepsy, as rapid discontinuation may 
increase seizure frequency. In the epilepsy patient 
population, gabapentin should be discontinued gradually 
over 1 week. 
 

Gabapentin has relatively few drug interactions; 
however, antacids have been shown to decrease the 
bioavailability of gabapentin by 20%. Therefore, it is 
recommended that gabapentin be given at least 2 hours 
after antacid administration [35]. 

DOSING 

Studies have shown the minimal effective dose in the 
treatment of diabetic neuropathy to be 900 mg per day. 
The usual initial dose is 300 mg three time daily. 
However, to minimize side effects, the dose may be 
started at 300 mg per day and increased to 300 mg three 
times daily over 3 days. The dose may be further titrated 
to response or until limited by adverse effects. Due to 
gabapentin's extensive renal elimination, dose 
adjustments should be made and caution should be used 
in patients with renal impairment (Table 3) [36]. 

 
Table 3: Comparison of Tricyclic Antidepressant Side Effects 

 

Tricyclic 
Antidepressant 

Anticholinergic 
Effects 

Cardiac 
Conduction Effects 

Orthostatic 
Hypotension 

Sedation 

Tertiary Amines 
Amitriptyline +++++ +++++ +++++ +++++ 
Clomipramine ++++ ++++ ++ ++++ 
Doxepin +++ ++++ +++ +++++ 
Imipramine ++++ +++++ +++++ ++++ 
Trimipramine ++++ ++++ +++ ++++ 
Secondary Amines 
Desipramine +++ +++ ++++ +++ 
Nortriptyline ++ ++ ++ ++ 
Protriptyline ++ ++ ++ ++ 

 

+ Minimal; ++ Mild; +++ Moderate; ++++ Strong; +++++ Severe, Adapted from reference 26 
 

Table 4: Dosing of Tricyclic Antidepressants 
 
 

Tricyclic Antidepressants Doses Studied in Diabetic Neuropathy Maximum Daily Dose 

Amitriptyline 25 to 150 mg/day 300 mg 

Clomipramine 50 to 75 mg/day 200 mg or 3 mg/kg 

Desipramine 12.5 to 250 mg/day 300 mg 

Imipramine 50 to 225 mg/day 300 mg 

 
Table 5: Dosage Based on Renal Function 

 
 
 
 
 
 
 
 
 
 
 
The first step is to bring blood glucose levels within the 
normal range to prevent further nerve damage. Blood 
glucose monitoring, meal planning, exercise, and oral 
drugs or insulin injections are needed to control blood 
glucose levels. Although symptoms may get worse when 
blood glucose is first brought under control, over time, 
maintaining lower blood glucose levels helps lessen 

neuropathic symptoms. Importantly, good blood glucose 
control may also help prevent or delay the onset of 
further problems [37]. 
Additional treatment depends on the type of nerve 
problem and symptom, as described in the following 
sections. 

Creatinine Clearance 

(ml/min) 

Total Daily Dose 

(mg/day) 

Dose Regimen 

(mg) 

>60 1200 400 three times daily 

30-60 600 300 twice daily 

15-30 300 300 daily 

< 15 150 300 every other day 
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3.3.2 FOOT CARE 

People with neuropathy need to take special care of their 
feet. The nerves to the feet are the longest in the body 
and are the ones most often affected by neuropathy. Loss 
of sensation in the feet means that sores or injuries may 
not be noticed and may become ulcerated or infected. 
Circulation problems also increase the risk of foot ulcers 
[38]. 

3.3.3 PAIN RELIEF 

To relieve pain, burning, tingling, or numbness, the 
doctor may suggest aspirin, acetaminophen, or 
nonsteroidal anti-inflammatory drugs (NSAIDs) such as 
ibuprofen. (People with renal disease should use NSAIDs 
only under a doctor's supervision.) A topical cream 
called capsaicin is another option. Tricyclic 
antidepressant medications such as amitriptyline, 
imipramine, and nortriptyline, or anticonvulsant 
medications such as carbamazepine or gabapentin may 
relieve pain in some people. Codeine may be prescribed 
for a short time to relieve severe pain. Also, mexiletine, 
used to regulate heartbeat, has been effective in treating 
pain in several clinical trials [39-40]. 
Other pain treatments include transcutaneous electronic 
nerve stimulation (TENS), which uses small amounts of 
electricity to block pain signals, as well as hypnosis, 
relaxation training, biofeedback, and acupuncture. 
Walking regularly or using elastic stockings may also 
help leg pain. 

3.3.4 GASTROINTESTINAL PROBLEMS 

To relieve mild symptoms of gastroparesis—indigestion, 
belching, nausea, or vomiting—doctors suggest eating 
small, frequent meals, avoiding fats, and eating less fiber. 
When symptoms are severe, the doctor may prescribe 
erythromycin to speed digestion, metoclopramide to 
speed digestion and help relieve nausea, or other drugs 
to help regulate digestion or reduce stomach acid 
secretion. To relieve diarrhea or other bowel problems, 
the doctor may prescribe an antibiotic such as 
tetracycline, or other medications as appropriate [41-
43]. 

3.3.5 DIZZINESS AND WEAKNESS 

Sitting or standing slowly may help prevent the light-
headedness, dizziness, or fainting associated with blood 
pressure and circulation problems. Raising the head of 
the bed or wearing elastic stockings may also help. Some 
people may benefit from increased salt in the diet and 
treatment with salt-retaining hormones. Others may 
benefit from high blood pressure medications. Physical 
therapy can help when muscle weakness or loss of 
coordination is a problem [41-43]. 

3.3.6 URINARY AND SEXUAL PROBLEMS 

To clear up a urinary tract infection, the doctor will 
probably prescribe an antibiotic. Drinking plenty of 
fluids will help prevent another infection. People who 
have incontinence should try to urinate at regular 
intervals (every 3 hours, for example) since they may not 
be able to tell when their bladder is full. 
To treat erectile dysfunction in men, the doctor will first 
do tests to rule out a hormonal cause. Several methods 
are available to treat erectile dysfunction caused by 
neuropathy, including taking oral drugs, using a 

mechanical vacuum device, or injecting a drug called a 
vasodilator into the penis before sex. The vacuum and 
vasodilator raise blood flow to the penis, making it easier 
to have and maintain an erection. Another option is to 
surgically implant an inflatable or semirigid device in the 
penis. A constriction ring or penile sling may be helpful. 

Vaginal lubricants may be useful for women when 
neuropathy causes vaginal dryness. To treat problems 
with arousal and orgasm, the doctor may refer the 
woman to a gynecologist [41-43]. 

CONCLUSION 

Diabetes mellitus is a disorder that is caused by the 
insufficient production of the pancreatic hormone 
insulin. Now a day, diabetics are one of the major severe 
diseases which cause a number of million deaths every 
year. The type I diabetic causes dangerous genetic 
defects which lead to coming generations and type II 
diabetics  causes at  middle age which are not good for 
humanity 

People with diabetes are vulnerable to a variety of 
complications over time. Health-care providers all agree 
that strict control of blood sugar makes complications 
less likely. This was shown clearly by the Diabetes 
Control and Complications Trial. Control of blood sugar 
is the best way to minimize the risk of complications. 

Various types of diabetic neuropathy has been found e.g. 
autonomic, peripheral, 

Focal, charcots, compression mononeuropathy, femoral 
neuropathy etc. Test like EMG test has been discovered 
which provide identification of this disease. 

Choosing which tricyclic antidepressant to use for the 
treatment of diabetic neuropathy should be based on 
adverse effects and efficacy. Since desipramine has the 
potential to cause less anticholinergic side effects, it 
would be a reasonable first option in the elderly. 
Nortriptyline also has fewer anticholinergic side effects. 
However, it has only been studied in combination with 
fluphenazine. It is not known whether the combination 
of a tricyclic antidepressant with a phenothiazine is 
superior to tricyclics alone, and combination therapy 
increases the risk of adverse drug reactions; therefore, it 
is not currently recommended. Further studies are 
needed to determine nortriptyline's efficacy as 
monotherapy in the treatment of diabetic neuropathy. 
Doses of tricyclic antidepressants should be started low 
and slowly titrated to maximum doses as patients are 
monitored for adverse effects and tolerability. Serum 
concentrations probably do not need to be monitored 
except when toxicity is suspected. Once a maximum dose 
is achieved, patients should be maintained at that dose 
for at least 2 weeks to determine the efficacy of the 
medication. 

Gabapentin is considered a second-line agent as it costs 
substantially more and has not been shown to be 
superior to the tricyclic antidepressants. Gabapentin has 
a limited adverse effect profile when compared to the 
tricyclic antidepressants. However, somnolence and 
decreased renal function may limit its use. Patients 
should be given an adequate trial of the medication prior 
to determining efficacy. In the majority of patients, this 
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consists of titrating to a dose greater than 900 mg per 
day and maintaining that dose for at least 2 weeks. 

Recent clinical trials like Magnetic Molecular Energizer 
(MME), Bi-Axial Rotating Magnetic Field Therapy are 
some of the treatment which under trials. This will be 
lead to great discovery in this field. 

The following project study was under taken with a view 
of making awareness to people regarding what Diabetic 
Neuropathy is. This can be useful step towards treating a 
major complication of diabetic and to save diabetic 
people from severe disease. 

BIBLIOGRAPHY 

1. www.diabeticdietsecrets.com 
2. www.expert-expert.com 
3. Tripathi K.D, Essential of Pharmacology, 2003,271. 
4. www.wisegeek.com 
5. www.aafp.org 
6. Odegaard JI, Chawla A. Connecting type 1 and type 2 

diabetes through innate immunity. Cold Spring Harb 
Perspect Med. 2012,3: 457-461. 

7. www.bj-jhm.net 
8. www.feetnet.com 
9. www.medscape.com 
10. www.neuro.wustl.edu 
11. www.endocrine-source.com 
12. Richard. A. Harvey; Pamelac Champe, Pharmacology, 

2005, 375. 
13. SatoshkarR.A, BhandarkarS.D, Pharmacology & 

Pharmacotherapeutics, 2004, 874. 
14. www.family.org 
15. www.ninds.com 
16. www.hasppract.com 
17. www.diabetismonitor.com 
18. Yip JW, Jones SL, Wiseman MJ, Hill C, Viberti G. 

Glomerular hyperfiltration in the prediction of 
nephropathy in IDDM: a 10-year follow-up study. 
Diabetes. 1996 

19. www.healthhinging.org 
20. www.interscience.com 
21. www.uspharmacist.com 
22. www.neurocentre.com 
23. www.neuroland.com 

24. www.epodiatry.com 
25. www.neuropathy.org 
26. www.healthcentral.com 
27. www.intelihealth.com 
28. www.clinicaltrials.gov 
29. www.wkrn.com 
30. www.loftusmd.com 
31. www.diabetic.com 
32. David. A. wiliams; Thomas. L. lemke; Foye’s principle 

of medicinal chemistry, 2005,635. 
33. www.umm.org 
34. www.medscape.com 
35. www.healthhatz.com 
36. Vallance P, Smart TG (January 2006). The future of 

pharmacology. British Journal of Pharmacology.  
37. James Smith; Viktor Stein (2009). SPORCalc: A 

development of a database analysis that provides 
putative metabolic enzyme reactions for ligand-
based drug design. Computational Biology and 
Chemistry 33 (2): 149–159.  

38. Rahman, SZ; Khan, RA (Dec 2006). Environmental 
pharmacology: A new discipline. Indian J Pharmacol. 
38 (4): 229–30. 

39. Brater DC, Daly WJ (May 2000). Clinical 
pharmacology in the middle Ages: principles that 
presage the 21st century. Clin. Pharmacol. Ther. 67 
(5): 447–50. 

40. Pratley, RE; Rosenstock, J; Pi-Sunyer, FX; Banerji, 
MA; Schweizer, A; Couturier, A; Dejager, S 
(December 2007). Management of type 2 diabetes in 
treatment-naive elderly patients: benefits and risks 
of vildagliptin monotherapy. Diabetes Care 30 (12): 
3017–22. 

41. Budhiraja R.D., Elementry Pharmacology And 
Toxicology, Fourteehth Edition revised; Publication 
Year :2011  

42. Ekinci EI, Jerums G, Skene A, Crammer P, Power D, 
Cheong KY. Renal structure in normoalbuminuric 
and albuminuric patients with type 2 diabetes and 
impaired renal function. Diabetes Care. 2013 Nov. 

43. Hall JE, Henegar JR, Dwyer TM, Liu J, Da Silva AA, 
Kuo JJ. Is obesity a major cause of chronic kidney 
disease? Adv Ren Replace Ther. 2004 Jan.

 

http://albertscience.com/journals/article_detail/96
http://doi-ds.org/doilink/01.2017-22291198/

