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Abstract:Type 2 Diabetes mellitus, a common metabolic disorder characterized by hyperglycemia and its
consequences not only affects the carbohydrate metabolism, also has its effects on lipid and protein metabolism
altering the overall metabolic homeostasis in general. The morbidity and mortality that patients with type 2
diabetes mellitus suffers is quite alarming. While most of the complications has its symptoms that alerts the
patients to take proper evaluation and its treatment, there are indeed many more of the complications in type 2
diabetes mellitus that comes under the asymptomatic issues but significantly affecting the body slowly but
steadily. While everyone as a physician is aware of the hyperglycemia and dyslipidemia associations with type 2
diabetes mellitus, we seldom look for the altered protein metabolism leading to hyperammonemia or so unless
the patient is admitted in the ICU setup. Hyperammonemia is quite common among liver disease patients.
Though rare, yet significantly there are also other non hepatic causes of hyperammonemia which comes to
suspicion only in the childhood disorders. Non hepatic hyperammonemia in adults tends to present with various
medical specialities nowadays, which can be bothersomely symptomatic or easily asymptomatic. The key is to
have high levels of suspicion in mind and ask for serum ammonia levels. Since serum ammonia levels are in one
way or the other linked to the function of the brain, high levels of serum ammonia can affect the morbidity and
mortality of patients which is already compromised in patients with type 2 diabetes mellitus. The study was
aimed to find whether patients with uncontrolled type 2 diabetes mellitus have disorders of ammonia
metabolism. Our study has shown that serum ammonia levels are significantly higher among patients with
uncontrolled type 2 diabetes mellitus. Maintaining a high index of suspicion andso its early diagnosis and
preventive measures could salvage serious morbidity and mortality.
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. Introduction

Diabetes mellitus type 2, a common disease among adults is characterized by syndrome of
hyperglycemia and its consequences. The complications, including both acute and chronic are directly related to
the control of blood sugar levels and the impact they have on morbidity and mortality is alarming. Diabetes is
fast gaining the status of a potential epidemic in India with more than 62 million diabetic individuals currently
diagnosed with the disease!™. In 2000, India (31.7 million) topped the world with the highest number of
people with diabetes mellitus followed by China (20.8 million) with the United States (17.7 million) in second
and third place respectively. According to Wild et al*®), the prevalence of diabetes is predicted to double globally
from 171 million in 2000 to 366 million in 2030 with a maximum increase in India. It is predicted that by 2030
diabetes mellitus may afflict up to 79.4 million individuals in India® Hyperammonemia, a metabolic
disturbance whereby serum ammonia levels are high in blood. Ammonia, a product of protein catabolism is
usually converted to urea and is excreted in urine by the kidneys. High ammonia levels are toxic to the brain.
Usually, hyperammonemia is caused by liver dysfunction commonly liver cirrhosis. But there are also other
causes leading to hyperammonemia which includes various forms of urea cycle disorders, which are mainly
seen in pediatric population. Non hepatic causes of hyperammonemia are rarer. It includes many inherited and
acquired causes and tend to present to a wide range of medical specialities with variable and episodic
symptoms®. Delay in diagnosis can result in development of potentially life threatening neurological
complications. This study was conducted with the aim of finding out any disorders of ammonia metabolism
among patients with uncontrolled type 2 diabetes mellitus who tends to have altered protein metabolism as a
consequence of abnormal glucose homeostasis.

Il.  Materials& Methods
Fasting Blood sample (5 ml)is obtained from 60 individuals aged 40-60 years 30 diabetics and 30
controls. Attending medicine / diabetology OPD of our institute MAPIMS,melmaruvathur, India . All
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individuals were interviewed at the baseline by the same investigator for a general medical history and complete

medical examination. An informed consent was obtained from all the study participants.

InclusionCriteria:Cases includes patients with uncontrolled type 2 diabetes mellitus ( fasting hyperglycemia )
and Controls includes non diabetic normal healthy volunteers.
ExclusionCriteria :Those individuals with heart failure, cardiovascular disease , liver dysfunction and renal
insufficiency were excluded from the study.

Investigations ,performed:
1. Fasting plasma glucose by glucose oxidase peroxidase enzymatic methodusing fully automated analyser.
2. Serum ammonia by enzymatic method using fully automated analyser.

Statistical analysis was performed using SPSS statistical software.

Comparison of serum ammonia

I11.  Results
Report
Ammonia
GROUP Mean N Std. Deviation
1( cases) 136.20 30 70.602
2 (controls ) 17.77 30 6.372
Total 76.98 60 77.692
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Comparison of fasting plasma glucose
FBS
GROUP Mean N Std. Deviation
1 (cases) 186.97 30 75.866
2 (controls ) 98.43 30 13.665
Total 142.70 60 70.097
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Independent Samples Test
Levene's Test for t-test for Equality of Means
Equality of Variances
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IV.  Discussion

Ammonia, the end product of protein metabolism is converted to urea through the urea cycle in liver.
Normal blood ammonia levels range from 10-40 umol/L, compared with a BUN level of 6-20 mg/dL. The total
soluble ammonia level in a healthy adult with 5 L of circulating blood is only 150 mcg, in contrast to
approximately 1000 mg of urea nitrogen present. An individual is unlikely to become hyperammonemic unless
the conversion system is impaired in some way. The normal process of removing the amino group present on all
amino acids produces ammonia. The a -amino group is a catabolic key that protects amino acids from oxidative
breakdown. Removing the a -amino group is essential for producing energy from any amino acid. Under normal
circumstances, both the liver and the brain generate ammonia in this removal process, substantially contributing
to total body ammonia production. The urea cycle is completed in the liver, where urea is generated from free
ammonia. The hepatic urea cycle is the major route for disposal of waste nitrogen chiefly generated from protein
and amino acid metabolism.
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Hyperammonemia is a metabolic disturbance characterised by an excess of ammoniain
the blood.Hyperammonemia is not a true disease; it is a sign that specific abnormalities that cause blood
ammonia levels to become elevated may be present®. An elevated blood ammonia level, although it may be
secondary, must never be ignored. Moreover, since the normal ureagenic capacity of the liver is so great in
relation to physiologic load, such a finding points directly to an impairment of the urea cycle in the liver.
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Hyperammonemia can be congenital or acquired. Usually, congenital hyperammonemia is due to genetic defects
in urea cycle and acquired hyperammonemia is due to liver dysfunction. Hyper ammonemia occurs when the
ammonia production in the body is high exceeding the capacity of liver to metabolise ammonia or the ability of
liver is compromised so that the liver can no longer metabolise ammonia to form urea. Hyper ammonemia by
itself can cause both acute and chronic damage to brain cells.

The causes of hyperammonemia can therefore be divided into processes that increase ammonia
production or decrease ammonia elimination. Many mechanisms plays role in increased ammonia production.
The metabolism of proteins increases blood ammonia levels and can be seen with total parenteral nutrition, Gl
hemorrhage, steroid usel ™. Insulin has a global effect on protein metabolism, increasing the rate of protein
synthesis and decreasing the rate of protein degradation. Thus, insulin deficiency or insulin resistance will lead
to increased catabolism of protein. The increased rate of proteolysis leads to elevated concentrations in plasma
amino acids. These amino acids serve as precursors for hepatic and renal gluconeogensis. In liver, the increased
gluconeogenesis further contributes to the hyperglycemia seen in diabetic patients.

Insulin deprivation in type 1 diabetic patients causes a profound increase in catabolism, especially in
skeletal muscle™™**. Moreover, this net muscle protein catabolism is due to a net increase in protein breakdown
rather than a decline in protein synthesis. In contrast, despite substantial alterations in glucose and lipid
metabolism, the effect of type 2 diabetes on changes in protein metabolism is at best subtle, and results are
inconsistent™™. So there are many studies in literature that are quite contradictory that some say protein
synthesis alteration is only more in uncontrolled type 2 diabetes mellitus and some say that protein degradation
also is more in them. One thing for sure is uncontrolled type 2 diabetes mellitus affects protein metabolism in
one way or other and this might as well explain the reason behind hyperammonemia indicating high protein
catabolism in uncontrolled type 2 diabetes mellitus. In the general population, insulin resistance has been
associated with accelerated protein catabolism™®.

Diabetes is associated with the occurrence of well described microvascular complications that affect
different organs, leading most commonly to retinopathy, nephropathy and peripheral neuropathy, the
development of which is dependent on the duration of the disease and glycaemia control™™ the term “diabetic
encephalopathy” was introduced in 1950 to describe the complication of diabetes resulting on brain dysfunction
and leading to cognitive impairment. Along with these deficits on brain function, diabetes was also reported to
induce structural alterations, neuronal loss, demyelination and gliosis'®. The brain must expend energy to
detoxify and to export the ammonia it produces. This is accomplished in the process of producing adenosine
diphosphate (ADP) from ATP by the enzyme glutamine synthetase, which is responsible for mediating the
formation of glutamine from an amino group. Diabetes mellitus is known to have disordered energy homeostasis
that might also well explain the reason behind hyperammonemia in uncontrolled type 2 diabetes mellitus.
Synthesis of glutamine also reduces the total free ammonia level circulating in the blood; therefore, a significant
increase in blood glutamine concentration can signal hyperammonemia.

Infectious diseases are more prevalent in individuals with DM. The main pathogenic mechanisms are:
hyperglycemic environment increasing the virulence of some pathogens; lower production of interleukins in
response to infection; reduced chemotaxis and phagocytic activity, immobilization of polymorphonuclear
leukocytes; glycosuria, gastrointestinal and urinary dysmotility. The conditions that can also increase ammonia
production such as infection with urease splitting organisms!***®! Urinary tract infections (UTIs) are more
prevalent in individuals with DM and may evolve to complications and/or serious manifestations??.Others have
suggested that increased production of ammonia present in type 2 diabetic patients occurs from tissue
breakdown and mucositis.

Abnormal hormonal homeostasis for example hyperinsulinism has been associated with
hyperammonemia in some patients.

Liver dysfunction especially decompensated liver disease, cirrhotic liver is the main cause for
decreased ammonia elimination as the liver loses its function to metabolise ammonia. Certain infections are also
prone to cause fulminant hepatic failure including hepatitis, varicella, Epstein barr virus, cytomegalo virus
infections.HBV infection outbreaks have been reported among diabetic patients who share a blood glucose
meter without cleaning and disinfecting between uses, associated with limited awareness of the high risk for
HBV transmission during fingerstick blood glucose monitoring??. Several studies, from different countries,
have reported that 13-33% of patients with HCV infection have diabetes, mostly type 2 diabetes mellitus
(T2DM), compared with the prevalence of 4-10% for non-HCV control population™®]. T2DM is considered an
extrahepatic manifestation of this infection.

Hyperammonaemia was thought to be due to slow transit constipation allowing increased absorption of
ammonia into the mesenteric blood supply, sufficient to overwhelm hepatic excretory pathways. In the majority
of patients, with normal liver function, excess ammonia is excreted by hepatic metabolism—uvia the urea cycle.
However, hyperammonaemia sufficient to result in encephalopathy may still occur even in the setting of a
patient with normal liver function.
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Increased intracellular fat content in skeletal muscle and liver associated with insulin resistance has led
to the hypothesis that a mitochondrial defect in substrate oxidation exists in disorders of insulin resistance. In
vivo measurements of metabolic fluxes through the tricarboxylic acid and oxidative phosphorylation with
magnetic resonance spectroscopy have demonstrated multiple defects in mitochondrial function in skeletal
muscle. A decrease in mitochondrial density and mitochondrial copy number has been reported in insulin-
resistant individuals®®. Qualitative, quantitative, and functional perturbations in mitochondria have been
identified and affect the cause and complications of diabetes. Moreover, as a consequence of fuel oxidation,
mitochondria generate considerable reactive oxygen species (ROS)®!.A portion of the cycle is mitochondrial in
nature; mitochondrial dysfunction, whether genetically or pharmacologically induced, may impair urea
production and result in hyperammonemia.

Non hepatic causes of hyperammonemia tend to present to a wide range of medical specialities with
variable and episodic symptoms. Delay can result in the development of potentially life threatening
complications such as encephalopathy.Early recognition is vital. Early assessment of blood ammonia levels help
establish the diagnosis. In addition, they may lack accompanying clinical signs. Unless there is a high index of
suspicion the diagnosis may easily be missed and the potential for reversibility and cure lost.

V.  Conclusion

Type 2 Diabetes mellitus, a common disorder threatening the world to become a pandemic one shares a
major influence on morbidity and mortality on patients which is directly linked with high plasma glucose levels.
Hyperammonemia, a metabolic disturbance which is very common among chronic liver disease patients is now
being recognized in many non hepatic causes. The study was done to find any association between the control of
blood sugar levels and serum ammonia levels as it could well add upto the morbidity and even mortality. The
findings of our study showed that serum ammonia levels are significantly higher among patients with
uncontrolled type 2 diabetes mellitus than among healthy individuals. Causes for this could well include
multiple factors like mitochondrial dysfunction, high protein catabolism, slow transit of bowel contents,
subclinical and clinical infections, insulin resistance, all of which revolve around common basic etiology of
uncontrolled plasma glucose levels, which tends to happen in uncontrolled type 2 diabetes mellitus patients.
Hence it is worth while to do serum ammonia levels in uncontrolled type 2 diabetes mellitus patients, especially
as a screening and so its early diagnosis and preventive measures could avert serious consequences on brain.
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