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The study is to estimate and correlate the erythrocyte arginase activity and serum nitric oxide
levels in normal, prediabetes and type 2 diabetes mellitus. This is a case control study with total
124 samples which were grouped as normal, pre-diabetes and diabetes based on HbA1C values.
Blood samples were collected from Clinical Biochemistry laboratory, Kasturba Hospital,
Manipal, after the completion of HbA1C analysis. Erythrocyte Arginase activity is estimated by
measuring the ornithine formed by Chinard reaction and Arginase activity is expressed as
ornithine released per minute per gram hemoglobin under assay conditions. Nitric oxide is
estimated by reducing the serum nitrate to nitrite by using Griess reaction method. The increase
in arginase activity was seen in both prediabetes and diabetes compared to normals. Compared
to normal group, there was significant decrease in nitric oxide level in pre diabetes (P=0.013)
however decrease is not significant in type 2 diabetes. Significant positive correlation between
the arginase and nitric oxide levels is seen in normals and type 2 diabetes whereas negative
correlation in prediabetes. Increase in arginase activity is indirectly affecting the nitric oxide
levels and causing the macrovascular (atherosclerosis, hypertension, gangrene of foot, diabetic
neuropathy) and microvascular (diabetic nephropathy, diabetic retinopathy) complications in

type 2 diabetic patients.

INTRODUCTION

Diabetes is characterized by hyperglycemia and insulin resistance
or deficiency and is a top 10 cause of death worldwide [1, 2].
Type 2 diabetes is the most common health problem across the
world when compared to type 1 [3, 4]. Increase in population,
ageing, obesity, unhealthy diet and sedentary lifestyles are some
of the main reasons to develop type 2 diabetes [5]. Diabetes is the
fastest growing disease in India with more than 85% to 95% that
is seen in developed countries [6]. 80% of type 2 diabetic patients
are  more vulnerable to macrovascular complications
(cerebrovascular, coronary artery, and peripheral arterial diseases)
and 65% deaths are seen in this group [7-9]. The type 2 diabetes
morbidity is also substantial in contribution to microvascular
complications (retinopathy, nephropathy and neuropathy) [10, 11].

The three most important gasotransmitters namely,
Nitric oxide (NO), carbon monoxide (CO) and hydrogen sulfide
(H2S) are endogenously produced by various cellular enzymes and
play an important role in physiology and disease. The reduced
bioavailability of gasotransmitters is seen in type 2 diabetes when
compared to the healthy individuals [12]. The first endothelial-

derived relaxing factor (EDRF) recognized in the body is nitric
oxide [13] and this is endogenously formed from its substrate L-
arginine by three different nitric oxide synthase (NOS) enzymes;
eNOS, iNOS, and bNOS and plays vital role in maintaining
vascular tone, promoting inflammation, and neurotransmission
respectively [14].

Arginase is a urea cycle enzyme that catalyzes the
reaction, L-arginine to L-ornithine and urea [15]. Arginine is the
common substrate for the arginase and nitric oxide synthase
therefore the availability of arginine is one of the rate-limiting
factors in cellular nitric oxide production [16]. Thus, arginase may
reciprocally regulate the production of nitric oxide and thereby
induce endothelial dysfunction [17-19]. In the body, nitric oxide is
relatively unstable product and undergoes oxidation process;
finally presenting in the form of nitrate in plasma [20].

Hence the current study is taken up to find out the
relationship between erythrocyte arginase activity and nitric oxide
levels in type 2 diabetes.
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MATERIALS AND METHODS

In this case control study, total 124 residual blood sample
collected with EDTA for HDAL1C estimation to Clinical
Biochemistry laboratory, Kasturba Medical College, Manipal,
after annonymization. The study was approved by institutional
ethics committee (IEC No: 14/2019). As per the American
Diabetes Association Diabetes Care 2013, the samples were
grouped based on HbA1C values [21] into normals, pre diabetic
and diabetics with the age group of 40 to 65yrs without
cardiovascular diseases. The normal group with HbA1C values 4
to 5.6 (n=35), group 2, pre-diabetes with HbA1C 5.7 to 6.4
(n=49), and group 3, diabetes with HbA1C >6.5 (n=40).

Materials

The chemicals zinc sulphate, sodium hydroxide GR, glycine GR,
cadmium granules were purchased from MERCK, copper sulphate
was purchased from RANBAXY, sulphuric acid (98% AR) was
purchased from SDFCL, sodium nitrate was purchased from
Sarabhai M Chemicals, griess reagent and tris(hydroxymethyl)
aminomethane were purchased from SRL, manganese chloride
tetrahydrate, L-Ornithine hydrochloride, sodium bicarbonate,
sodium carbonate, L-Arginine monohydrochloride, potassium
ferricyanide, potassium cyanide were purchased from Sigma
Aldrich Inc., orthophosphoric acid (88% GR), glacial acetic acid
(100% GR, aldehyde free), ninhydrin GR, potassium dihydrogen
phosphate, potassium hydroxide, sodium hydroxide, sodium
chloride, hydrochloric acid were purchased from MERCK

Methods

The whole blood was centrifuged at 2000g (15 mins) to separate
RBCs and plasma. The RBCs are used for the estimation of
arginase activity, whereas plasma for nitric oxide estimation. The
catalytic activity of arginase is determined colorimetrically by
measuring the increase in the concentrations of ornithine by
Chinard reaction and the absorbance is read at 515nm. Blood was
centrifuged at 20009 to extract red cells. The separated red cells
were washed 3 times and centrifuged 2000g (15 min) with 5
volumes of normal saline. Supernatant was discarded after the last
wash and, diluted with 5mmol/L Tris buffer, pH 7.5. The
suspension obtained was used for estimation of arginase activity
and hemoglobin concentration. Hemoglobin was estimated using
Drabkin’s method. Arginase activity is expressed as the amount in
millimoles (mmol) of ornithine released per minute per gram
hemoglobin under the assay conditions (units/g hemoglobin) [22].
The plasma is used for nitric oxide estimation by the griess
reaction that involves the indirect assay of stable decomposition
products in plasma nitrite and nitrate levels as an index of nitric
oxide generation. Nitric oxide is estimated by the amount of nitrite
formed by reducing nitrate present in the plasma of the sample.
The absorbance is read at 540nm in ELISA reader [20, 23].
Statistical methods used are ANOVA test with Dunnett Post Hoc
comparison and Pearson’s correlation analysis using SPSS 15.0

RESULTS

The increase in arginase activity is seen in both prediabetes and
diabetes compared to normals. There was statistical significant
decrease in Nitric oxide level in pre diabetes and their decrease in
type 2 diabetes statistically not significant compared to the
normals (Table 1). Statistical significant mean difference is seen
with Nitric oxide levels in prediabetes at 95% CI (Table 2).

Significant positive correlation between the arginase and nitric
oxide levels is seen in normals and type 2 diabetes whereas
negative correlation in prediabetes (Table 3).

DISCUSSION

In diabetes type 2 about 80% are developing macrovascular
complications (cerebrovascular, coronary artery, and peripheral
arterial diseases) causing 65% deaths. The contribution of
microvascular complications (retinopathy, nephropathy and
neuropathy) to type 2 diabetes morbidity is also substantial. It is
hypothesized that derangement in nitric oxide and arginase levels
leads to these macro and microvascular complications.

Our study found the mean of Arginase level increased in
the prediabetes (u=693.4, +362.1) and diabetes (u=733.8, +416.3)
when compared to the normals (u=581.6, £361.9), while the mean
of nitric oxide level is decreased in both prediabetes (u=20.4,
+8.5) and diabetes (p=23.4, +11.95) than normals (u=27.1,
+9.43). The significant decrease of nitric oxide levels is seen in
between the groups (p=0.013). This is the generally expected
pattern as per literature because the increase in arginase activity
will reduces the availability of L-arginine for nitric oxide synthase
and finally decreases the nitric oxide production [24]

The nitric oxide levels in prediabetes shows the
significant difference when compared to normal group (p=0.006).
However, the difference was not significant with diabetes group,
which might be due to the increased levels of insulin in these
patients (either due to insulin treatment or short-term
hyperinsulinemia condition) [25]

In normals, the high positive correlation (r=0.718) is
seen between arginase activity and nitric oxide levels and this
shows that arginase activity and nitric oxide levels are may be
independent to each other (unaffected by endogenous insulin) in
normoglycemic physiological state [26-29]. The negative
correlation in prediabetes (r=-0.206) might be because of the
action of insulin in hyperglycemic condition that increases the
arginase activity and reduces the nitric oxide levels [30]. The high
positive correlation of arginase and nitric oxide levels in diabetes
(r=0.574) is may be due to short term physiologic
hyperinsulinemic condition seen during the early stages of
diabetes, arginase activity might also be increased due to
insufficient insulin levels either during treatment or endogenously.
In advanced stages of the disease, overproduction of insulin in
response to prolonged hyperglycemia, damages the beta cells of
pancreas and reduce its function that ultimately lowers the insulin
levels in diabetic patients. This may be the reason of developing
vascular complications caused in diabetes at late stages [31-34].
According to previous literature, elevated levels of glucose may
enhance NO production through increased expression of eNOS
and iNOS gene and protein levels [35-38]. Elevated levels of NO
in in-vivo might have both beneficial as well as adverse effect
based upon the amount of NO concentration that is present. On
one hand, NO can cause relaxation of blood vessels and reduce
hypertension, and on the other hand, NO may interact with
superoxide radical (Oz7) leading to inactivation of NO. The
interaction of Oz~ with NO is rapid and leads to the formation of
potent oxidant radical, peroxynitrite. This stimulates the
metabolism of arachidonic acid, lipid peroxidation, and prostanoid
generation in the body and finally contributes to endothelial
dysfunction [39, 40].
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Table 1. Comparison between erythrocyte arginase activity and plasma NO levels in controls and patients

Variables Group 1 Group 2 Group 3 P value
MEAN SD MEAN SD MEAN SD
HbA1C 5.300000 .3547990 6.012245 .2297033 8.445000 1.9252639 .000
Arginase 581.5809 361.82408 693.3796 362.01708 733.7750 416.32375 .208
Nitric oxide 27.01429 9.430803 20.39796 8.490025 23.37500 11.945959 .013
Table 2. Post Hoc comparison
Dunnett t (2-sided)
Dependent Variable M gp J) gp Mean Difference (1-J) Sig. 95% Confidence Interval
Lower Upper
HbALC 2 ! 7122449° 009 160072 1.264418
3 1 3.1450000" .000 2.567523 3.722477
Arginase 2 1 111.79873 .306 -75.9563 299.5538
9 3 1 152.19414 149 -44.1648 348.5531
2 1 -6.616327" .006 -11.54279 -1.68986
3 1 -3.639286 .200 -8.79150 1.51293
*The mean difference is significant at the 0.05 level.
Dunnett t-tests treats group 1-control, group 2-prediabetes and group 3-type 2 diabetes
Table 3. Pearson correlation between Nitric oxide and Arginase
Parameters r values in the groups
Group 1 Group 2 Group 3
Nitric oxide and Arginase .718™ -.206 574"
Our results clearly indicate that there is decrease in the nitric ACKNOWLEDGEMENTS

oxide levels in T2DM contradictory with the previous literature
that the plasma NO levels are increased in T2DM and not in non-
diabetic insulin resistance [41]. In prediabetic patients (prone to
diabetes), plasma NO level might be increases, but decreased in
nitric oxide levels are also reported in some literature [42].

The study is limited with the smaller sample size. The
study needs to be replicated with a larger sample size in a
prospective or cohort model to observe the expected statistical
significance and validate the findings of this study. Further studies
should be carried out accounting for the insulin levels, insulin
resistance status of subjects along with history of duration of
diabetes and presence of other comorbidities.
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