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The effect of dermcidin isoform 2 (dermcidin), an environmentally induced stress protein, was investigated on the genesis of
diabetes mellitus and hypertension, the two major atherosclerotic risk factors. The role of dermcidin as an atherosclerotic risk
factor related to the impaired systemic insulin level was investigated. Dermcidin was prepared by electrophoresis using plasma
from the subjects with acute ischemic heart disease. Injection of 0.2 𝜇M dermcidin in mice increased the blood glucose level from
98 ± 2.45mg/dL to 350 ± 10.2mg/dL which was normalized by the oral administration of acetyl salicylic acid (aspirin) after 24 h.
Hypertensive subjects with systolic and diastolic blood pressure of 165mm and 95mm of Hg, respectively, had plasma dermcidin
level of 95 nM. Ingestion of acetyl salicylic acid (aspirin) (150mg/70 kg body weight) decreased the systolic and diastolic pressures
to 125mm and 80mm of Hg, respectively, with decrease of dermcidin level to 15 nM. Incubation of kidney cortex cells with 0.2𝜇M
dermcidin-inhibited synthesis of (r)-cortexin, an antihypertensive protein, and the basal (r)-cortexin level was reduced from 33 nM
to 15 nM. Addition of 25 𝜇units of insulin/mL was found to reverse the inhibition of cortexin synthesis. The effect of dermcidin as
a diabetogenic and a hypertensive agent could be controlled either by aspirin or by insulin.

1. Introduction

The etiology of essential hypertension (EH), a major form
of hypertension in man (>90%), remains obscure [1]. More
importantly, the nature of the regulatory component involved
in the control of the disease remains obscure [1]. Despite the
fact that hypertension is considered to be a genetic disease,
the discovery of a gene that regulates the blood pressure in
man is yet to be identified [2]. Although extensive studies
from all over the world have shown the presence of various
chromosome regions, no specific genes responsible for EH
have yet been identified [3]. On the other hand, several
environmental stress factors are also reported to be involved
in the genesis of EH in man [4, 5]. In this context, an envi-
ronmentally induced stress protein identified to be dermcidin

isoform2 (dermcidin) has been reported [6]whichwas found
to be both a diabetogenic and a hypertensive agent posing an
important threat for the development of atherosclerosis [7].
Although various risk factors including hypoxia and tobacco
smoke may induce the synthesis of dermcidin, no systemic
regulatory control is yet known for dermcidin synthesis.
However, in this context we have reported that acetyl salicylic
acid (aspirin) and nitric oxide can counteract the effects of the
stress-induced protein [6, 8]. Although reports are available
suggesting that hyperglycemia can cause hypertension [9, 10],
no mechanism on the hypertensive effect of hyperglycemia,
in the context of insulin resistance, is currently available. In
this context, we have reported the isolation of an antiessential
hypertensive protein from the kidney cortex cells of goat,
nominally called renal (r)-cortexin which can control the
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elevated blood pressures through the stimulation of endothe-
lial synthesis of NO, a global antihypertensive agent [11].
It was further found that (r)-cortexin was present in the
plasma of all mammals tested including humans [11]. The
plasma level of (r)-cortexin in hypertensive people was found
to be reduced to 0 pmol/mL that contrasted the optimal
range of >200 pmol/mL in the normal counterparts [11]. The
antihypertensive protein not only was found to control l-
epinephrine induced elevated blood pressures (both systolic
and diastolic pressures) in the animal model but also was
found to play a critically important role in the control of
essential hypertension in humans [11].

In an effort to find out the role of insulin on the synthesis
of (r)-cortexin, investigations were carried out particularly in
the context of dermcidin synthesis that was reported to be
both a diabetogenic and hypertensive protein [7]. We also
report herein the neutralization of the dermcidin-induced
atherosclerotic risk by insulin and by aspirin via the synthesis
of NO through the control of both hyperglycemia and
hypertension.

Although the development of naturally occurring envi-
ronmental stresses in animals under laboratory conditions
is difficult to achieve, investigations were also carried out to
determine the effect of various stresses on animals by expos-
ing these animals to pure nicotine, hypoxia, and aqueous
extract of tobacco leaves.

The aggregation of platelets is a critically important
physiologic event in the life saving blood coagulation process
[12]. In contrast, the formation of thrombus (microaggregate
of platelets embedded in fibrinmass) due to excessive platelet
aggregation, at the site of atherosclerotic plaque rupture or
fissuring on the coronary artery, has been reported to result
in acute ischemic heart disease (AIHD) [13]. As diabetes and
hypertension are the two major risk factors for AIHD, the
possible role of dermcidin as an aggregating agent was stud-
ied. On the other hand, since insulin has been reported to be
a global antithrombotic agent [14], the role of insulin in
the inhibition of dermcidin-induced platelet aggregation was
also investigated.

2. Materials and Methods

2.1. Ethics Statement. The protocols used in this study were
approved by the Internal Review Board, Sinha Institute of
Medical Science and Technology, Kolkata. These studies
used the blood samples from normal volunteers and from
patients suffering from AIHD or those with EH. Appropriate
consent form was signed by the participants before they were
requested to donate blood.

Required approval was also obtained for the use of
animals in the study by the Internal Review Board for Animal
Care, Sinha Institute of Medical Science and Technology,
Kolkata, consisting of a special committee for animal care
and its use that oversaw the welfare, care, and nutritional
requirements of all the animals used in the study. The
committee consisted of a permanent certified veterinarian
whose duty was to ensure that all the animals were free from
any diseases as stipulated by the Animal Right Group. All

animal-related experiments were strictly performed in the
presence of a member of the Animal Right Group and under
the supervision of the veterinarian and special care was taken
to ensure that no animals were unnecessarily harmed or were
subjected to pain during the study. After the termination
of the study, the animals were sacrificed by euthanasia in a
carbon dioxide chamber.

White albino healthy mice (20–25 gm each), Swiss strain,
irrespective of gender, were used for the study [15]. These
inbred animals were fed with standard laboratory chow and
sterilized water was given ad libitum. The animals were kept
under 12 h cycles of light and dark at 23∘C.

2.2. Chemicals. Goat anti-rabbit immunoglobulin G-alkaline
phosphatase, nicotine, was purchased from Sigma Aldrich.
Enzyme-linked immunosorbent assay (ELISA) MaxiSorp
plates were from Nunc, Roskilde, Denmark. Aspirin was
obtained fromMedica Zydus Healthcare.

2.3. Selection of Hypertensive Persons. Thedetails of the selec-
tion of hypertensive patients have been described recently [7].
The selected patients (𝑛 = 40; M = 25, F = 15) who partici-
pated in the study were “outdoor patients” who had clinically
undefined malaise. Only those patients who at presentation
were unaware of their hypertensive condition and, as such,
those who never received any treatment for the elevated
blood pressures were included in the study. Subjects with
systolic blood pressure (SBP) ≥140mm of Hg and diastolic
blood pressure (DBP) ≥90mm of Hg were considered to be
hypertensive [1] and were selected for the study. A sphygmo-
manometer was used for measuring the BP.

2.4. Selection of the Patients Suffering from Acute Ischemic
Heart Disease. Details of the selection of the patients suffer-
ing from AIHD have also been reported before [6]. Briefly,
these patients (𝑛 = 10; M = 7, F = 3) had characteristic chest
pain for more than 30mins and had characteristic ST eleva-
tion in EKG. The occurrence of AIHD was confirmed by the
determination of the plasma CKMB isoenzyme within 6 h of
the chest pain before the initiation of any therapy.

2.5. Collection of Blood. Blood samples (20–25mL) were col-
lected in plastic vials by venipuncture from the participants
in sodium citrate as an anticoagulant [16] [9 vol blood : 1 vol
of the anticoagulant (0.013M final concentration)] using 19
gauge siliconized needles before the initiation of any therapy
for the condition. Cell free plasma (CFP) was prepared by
centrifuging the blood sample at 30,000 g for 30min at 0∘C.

2.6. Preparation of Dermcidin. Dermcidin used in the study
was prepared from the plasma ofAIHDpatients by sequential
polyacrylamide gel electrophoresis first in the presence and
then in the absence of sodium dodecyl sulphate to retain its
biological activity as described before [6].

2.7. Development of ELISA for Insulin and Dermcidin. To
determine the plasma insulin and dermcidin levels, ELISA
was performed as described before [6] using the polyclonal
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antibodies raised against insulin and purified dermcidin,
respectively [6].

2.8.The Effects of Hypoxia, Aqueous Tobacco Leaf Extract, and
Pure Nicotine on the PlasmaDermcidin Levels inMice. Group
A mice (𝑛 = 5) were raised in our animal care facility as
described above and were subjected to hypoxic condition
equivalent to 1/2 atmospheric pressure using vaccum pump
for 60min at 22∘C. Blood samples (0.5mL) were collected
from the tail vein as described before [17].

Group Bmice (𝑛 = 5) were fed with 0.1mL of the tobacco
leaf extract prepared by steeping 1.0 g of tobacco leaves in
1.0mL of 0.9% NaCl overnight. The leaves free aqueous
portion (0.1mL) was then administered orally to the mice
and 0.5mL of blood samples was collected from the tail vein
at different times [17].

Group C mice (𝑛 = 5) were injected with 50 pmol of
nicotine/25 g body weight in 0.9% NaCl. Blood samples were
collected as described above at different times.

Dermcidin levels in the blood samples (appropriately
diluted) were determined by ELISA as described before [6].

2.9. Immunoblot Analysis of Dermcidin in the Plasma of
Hypertensive Patients. The presence of dermcidin in the
plasma of hypertensive subjects treated with and without
150mg of aspirin was identified by immunoblot technique
[18]. Dermcidin was identified by using anti-dermcidin
antibody as described elsewhere [8]. The intensity of the
dermcidin bands was determined by using ImageJ software
[8].

2.10. Preparation of Aspirin Solution. Fresh acetyl salicylic
acid solution was prepared just before use by dissolving the
compound in 0.1M NaHCO

3
and immediately neutralizing

the solution to pH 7.0 at 0∘C which was discarded after use
[19].

2.11. Determination of (r)-Cortexin Synthesis in the Kidney
Cortex Cells by In Vitro Translation of mRNA. Kidney cortex
cells homogenate was prepared as described before [11]. The
pelleted fraction was incubated in the presence or absence of
different concentrations of dermcidin and/or insulin.The (r)-
cortexin synthesis was determined by in vitro translation of
the extracted (r)-cortexin mRNA from the cells as described
previously by using plant leaf ribosomal particles in the
presence of 1.0mMATP and 1.0𝜇Mof all 20 amino acids [11].

2.12. Determination of Blood Glucose Level. The blood glu-
cose level was determined by using a glucometer (Behringer).

2.13. Aggregation of Platelets. The aggregation of platelets was
carried out individually in 10 different platelet rich plasma
(PRP) samples from 10 different normal subjects (F = 5; M =
5) by incubating each PRP sample with electrophoretically
purified ≈1.0 𝜇M dermcidin in an aggregometer as described
[6, 19]. In parallel experiments, 100 𝜇units of insulin was
added along with ≈1.0 𝜇M dermcidin to the PRP samples
to study the effect of insulin on the inhibition of platelet

aggregation induced by dermcidin. The quantitation of per-
cent aggregation was determined from the initial angle of the
platelet aggregation profile.

2.14. Statistical Analysis. The results shown are mean ±
standard deviation (SD). Each experiment was carried out at
least 10 times using 5-6 different animals or blood samples
from 40 hypertensive subjects and 10 normal volunteers each
in triplicate. The significance of the results was analyzed by
Student’s paired t-test where difference in the mean values
was considered significant with 𝑃 < 0.05. Additionally, one-
way ANOVA analysis was performed using Bonferroni’smul-
tiple comparison test and the Newman-Keuls multiple com-
parison test wherever applicable with a significance of 𝑃 <
0.05 using GraphPad Prism. The coefficient of correlation
(r) was determined by Pearson’s test.

3. Results

3.1. The Effect of Some Well-Known Environmental Stresses
on the Synthesis of Dermcidin in Mice. Although environ-
mental stresses have been implicated in the development of
various life-threatening conditions, including hypertension
[4, 5], diabetes mellitus [20], and many other diseases,
the identity of the mediators however for these conditions
remains obscure [21, 22]. In 2011, we have reported, for
the first time ever, the association of dermcidin with acute
myocardial infarction and also reported that the systemic
increase of nitric oxide decreased the plasma dermcidin level
for a better prognostic outcome of the condition [6]. The
association of dermcidin in the environmentally induced type
1B diabetes mellitus (T1BDM) and in atherosclerosis has also
been reported recently [7, 23].

As mentioned elsewhere, it is very difficult to reproduce
the naturally occurring environmental stresses in animals
under laboratory conditions. However, the effects of several
known environmental stresses like hypoxia, use of tobacco
leaf, or pure nicotine in mice were investigated. The time
course of the plasma dermcidin level in mice exposed to the
stress factors is shown in Figure 1. The significance in the
elevation of the dermcidin level in mice treated with either
nicotine or tobacco leaf extract or hypoxia in comparison
to the control group was analyzed by one-way ANOVA
test using Newman-Keuls multiple comparison test which
suggested that the increase in the dermcidin level was signif-
icant with 𝑃 < 0.05 compared to the control experiment.

3.2. Effect of Injection of Dermcidin in the Circulation on
the Development of Hyperglycemia due to Impaired Plasma
Insulin Level in Animal Model. As demonstrated in Figure 1,
several environmental stress factors are responsible for the
increase of dermcidin level in mice. In this context, we have
recently reported the occurrence of elevated dermcidin level
in the plasma of T1BDM patients by >120 nM reported to be
induced by environmental stresses [23]. To study the in vivo
effect of dermcidin on the blood glucose and plasma insulin
level inmice, 0.2𝜇Mdermcidinwas injected in the tail vein of
the test animals and the blood glucose and insulin levels were
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Figure 1: The effect of different stress factors on the systemic
increase of dermcidin level. Three groups of mice (𝑛 = 5 in each
group) were exposed to pure nicotine, tobacco leaves free aqueous
extract, and hypoxia. The dermcidin level was measured in the
blood of these animals as described in Section 2 by ELISA using
anti-dermcidin antibody at different times as shown. Solid squares
(◼) represent the plasma level of dermcidin in mice injected with
50 pmol of nicotine/25 g body weight. Solid triangles () represent
the dermcidin level in mice administered with 0.1mL of the tobacco
leaves free aqueous extract. Solid circles (e) indicate the dermcidin
level in mice exposed to hypoxia. Hollow squares (◻) indicate the
dermcidin level in mice not subjected to any stress factors. The
results shown are mean ± SD of 10 different experiments using
different animals, each in triplicate.

determined at different time intervals (Figure 2). The blood
glucose level which was 98 ± 2.45mg/dL before the injection
of dermcidin was found to be elevated to 350 ± 10.2mg/dL
at 160min after the injection of the stress-induced protein
with concomitant decrease of the plasma insulin level from
35.56±2.42 𝜇units/dL to 4.56±0.018 𝜇units/dL after the injec-
tion. Further studies demonstrated that the blood glucose
level of 350 ± 10.2mg/dL as well as the insulin level of 4.56 ±
0.018 𝜇units/dL remained nearly unchanged for the next
120mins (Figure 2). However, after 24 h of dermcidin injec-
tion, both blood glucose levels and insulin levels were found
to return to their normal ranges.When the level of dermcidin
was measured in the same animals, it was found that the
plasma dermcidin level which was 9.98 ± 2.2 nM before
the injection was increased to 65.5 ± 2.8 nM after 160mins
of dermcidin injection. However after 24 h, the dermcidin
level was found to be reduced to near normal level of 11.5 ±
2.34 nM. On the other hand, in the control experiment where
the animals were not subjected to dermcidin injection, the
blood glucose and the plasma insulin level remained at nor-
mal ranges of 96±2.5mg/dL and 37.2±3.1 𝜇units/dL, respec-
tively, with the dermcidin level at 10.69±2.57 nM at different
times. The results of the different groups (both experimental
and control groups) were subjected to one-way ANOVA
test which showed that themeans aswell as the varianceswere

significantly different with 𝑃 < 0.05. The Newman-Keuls
multiple comparison test further suggested that the difference
between the means of the different groups was significant
with𝑃 < 0.05. A t-test analysis was also performed to confirm
the significance of the results obtained and it was found that
the two-tailed 𝑃 value was significant with alpha = 0.05.

In a separate experiment, the effect of aspirin, a reported
antagonist of dermcidin in vivo [6, 8], was studied by
orally administering 0.125mg aspirin/25 gmice together with
0.2 𝜇M dermcidin injection. The corresponding levels of
insulin, glucose, and NO were found to be within the normal
ranges of 30 ± 3.3 𝜇units/dL, 96 ± 5.2mg/dL, and 4.1 ±
0.24 nmol/mL, respectively. The dermcidin level was also
found to be in the normal value of 11.1 ± 2.0 nM. One-way
ANOVA test as well as paired t-test indicated that the differ-
ence between the means of the results of the groups treated
with dermcidin in the presence and absence of aspirin was
significant (𝑃 < 0.05).

As a corollary, it could be inferred from these results
that the impaired systemic insulin synthesis, as induced by
dermcidin, might actually result in the increase of the plasma
levels of the stress-induced protein.

3.3.The Role of Dermcidin-Induced Genesis of Hypertension in
Humans and the Reversal of Its Effect by Acetyl Salicylic Acid.
We have reported before that the injection of 1.0 nmol derm-
cidin/kg body weight in rabbit increased the SBP and DBP
by 76% and 46%, respectively, within 60mins and the
dermcidin-induced elevated blood pressures returned to
normal ranges during the next 4 h [7].

As it was not possible to determine the effect of derm-
cidin on the elevation of blood pressures in humans, when
the plasma dermcidin levels in the hypertensive persons (𝑛 =
40; m = 25, f = 15) with elevated SBP level of 165mm of
Hg (median) and DBP level of 95mm of Hg (median) were
determined, it was found that the plasma dermcidin level
was 95 nM (median, ranging from 50.5 nM to 180 nM)
(Figure 3(a)).

A significant and positive correlation between the plasma
dermcidin and blood pressure levels of the hypertensive
subjects was observed when compared to the age and gender
matched normal volunteers (𝑟 = +0.988).

As aspirin has been reported before to counteract the
effect of dermcidin through the generation of systemic NO
when ingested orally [6], the effect of the oral ingestion of
aspirin on the plasma dermcidin and blood pressure levels
was investigated. It was found that aspirin when taken
orally at doses of 150mg/70 kg body weight reduced the
dermcidin level from 95 nM to 15 nM (Figure 3(a)) within 3 h
of ingestion of the compoundwith a simultaneous decrease in
the SBP (from 165mm of Hg to 125mm of Hg) (Figure 3(b))
as well as DBP (from 95mm of Hg to 80mm of Hg)
(Figure 3(c)). Further investigations were made to determine
the effect of the oral ingestion of aspirin on the plasma derm-
cidin level by subjecting the cell free plasma obtained from
the hypertensive persons, before and after the ingestion of
aspirin, to immunoblot analysis by using dermcidin antibody.
As shown in Figure 4, the dermcidin band in the gel was
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Figure 2:The in vivo effect of dermcidin on the blood glucose and plasma insulin levels inmice. Normal adult mice were injected with 0.2𝜇M
purified dermcidin in the tail vein and their blood glucose, plasma insulin, and NO levels were recorded at different times as shown. Solid
squares (◼) represent the blood glucose level in these animals at different times. Solid circles (e) demonstrate the insulin level at different
times. Hollow squares (◻) represent the corresponding NO level at different times as indicated. The figure represents data expressed in mean
± SD of 10 different experiments using 6 different animals, each in triplicate.

quantitated by arbitrary OD, where the intensity of the band
in the case of hypertensive plasma after the ingestion of
aspirin was markedly less compared to that before the inges-
tion of the compound. To determine the significance of the
results obtained, a paired t-test was done to find out the sig-
nificance of the difference in the intensities of the dermcidin
bands before and after the oral ingestion of aspirin by the
hypertensive subjects.When the areas of the bands (Figure 4)
were subjected to paired t-test, the mean value was found
to be significantly different (𝑃 < 0.05) with a two-tailed 𝑃
value of 0.0007.

3.4. The Role of Dermcidin on the Synthesis of (r)-Cortexin.
As dermcidin was reported to be a potent inhibitor of nitric
oxide synthase [7] and NO was a stimulator of (r)-cortexin
synthesis [11], the effect of dermcidin in the synthesis of (r)-
cortexin, an antiessential hypertensive protein [11] in the goat
kidney cortex cells, [11] was studied. In separate experiments,
dermcidin (0.2𝜇M)was incubated in the presence or absence
of varying concentrations of insulin ranging from 5 to
25 𝜇units, as a stimulator of NO synthesis [24], with the
kidney cortex cells preparation [11] or with 2.5 nmol/mL NO
solution (as a positive control) instead of insulin itself at 37∘C
for different times.The (r)-cortexin synthesis was determined
by the in vitro translation of (r)-cortexin mRNA as described
in Section 2. It was found that the presence of 0.2 𝜇M
dermcidin in the incubation system alone inhibited cortexin
synthesis by ≈50% after 30mins of incubation. The (r)-
cortexin synthesis which was 33.52±0.025 nM in the absence
of dermcidin was reduced to 15.32±0.021 nM in the presence
of 0.2 𝜇M stress-induced protein in the incubation mixture
(Figure 5). On the other hand, the cortexin synthesis in the
presence of 25𝜇units of insulin in the assay mixture was
found to increase by >3-folds to 55.5±0.036 nM from 15.32±
0.021 nM after 30mins of incubation even in the presence of
0.2 𝜇M dermcidin. Similar results were found in the case of

cortex cells incubated with NO solution in the presence of
dermcidin where the cortexin synthesis increased from basal
32.34 ± 0.022 nM to 53.91 ± 0.035 nM. A one-way ANOVA
testwas performed to determine the significance of the results
and it was found that the means were significantly different
with 𝑃 < 0.05. Additionally both Bonferroni’s multiple com-
parison test and the Newman-Keuls multiple comparison
test suggested that the difference between the data was
significant with 𝑃 < 0.05 as indicated in Figure 5.

These results suggested that insulin, a potent stimulator of
NO in the kidney cells, aswell as an essential hormone for car-
bohydrate metabolism [25], was capable of synthesizing the
anti-essential hypertensive protein ((r)-cortexin) by counter-
acting the inhibitory effect of the hypertensive protein (i.e.,
dermcidin).

When dermcidin synthesis was determined in the same
reaction mixture described above, it was found that the syn-
thesis of dermcidin which was 26.75±0.25 nM in the absence
of insulin was reduced to 6.89 ± 0.004 nM in the presence
of 25 𝜇units of insulin (two-tailed paired t-test suggested
that the means were significantly different with 𝑃 < 0.05).
These results demonstrated that the presence of insulin in
the assay mixture was actually capable of inhibiting the
synthesis of dermcidin in the cortex cells of the kidney with
simultaneous increase of (r)-cortexin synthesis through (r)-
cortexinmRNA synthesis and notmerely due to the release of
the preformed (r)-cortexin from the kidney cortex cells.

3.5. Inhibition by Insulin of the Platelet Aggregation Induced
by Dermcidin. As the aggregation of platelets is a crucially
important event in the development of AIHD due to the
formation of thrombus at the site of atherosclerotic plaque
rupture on the coronary artery [13], the contribution of
dermcidin in the development of diabetesmellitus and hyper-
tension should be taken into consideration in the context of
the results described above. In this regard, the role of the
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Figure 3: The effect of the ingestion of aspirin on the dermcidin level and systolic and diastolic blood pressure levels in humans. Aspirin at
a bolus dose of 150mg/70 kg body weight was ingested orally by hypertensive subjects as described above. The plasma dermcidin level and
blood pressure level (both systolic and diastolic) were determined in these patients before and after the ingestion of the compound. Panel (a)
represents the dermcidin level in the hypertensive subjects. Solid squares (◼) represent the dermcidin levels before the ingestion of aspirin.
Hollow squares (◻) indicate the dermcidin levels after the ingestion of aspirin by the hypertensive subjects. Panel (b) represents the systolic
blood pressure in the hypertensive subjects. Solid circles (e) demonstrate the systolic blood pressure level before the ingestion of aspirin.
Hollow circles (I) show the systolic blood pressure after the ingestion of the compound. Panel (c) demonstrates the diastolic blood pressure
in the subjects suffering from hypertension. Solid triangles () represent the level of diastolic blood pressure before the oral ingestion of
aspirin. Hollow triangles () indicate the diastolic blood pressure levels after the ingestion of aspirin. The figure is a typical representative of
10 different experiments using the blood samples of 40 hypertensive volunteers (m = 25, f = 15), 35–45 years, each experiment in triplicate.

stress-induced protein itself in the aggregation of platelets
was carried out. Incubation of PRP with ≈1.0 nM dermcidin
was found to aggregate platelets (Figure 6). On the other
hand, the incubation of PRP with 100 𝜇units of insulin in the
presence of dermcidin nullified the proaggregatory effect of
dermcidin completely.

4. Discussion

Environmentally induced stresses are reported to cause var-
ious life threatening conditions including hypertension and

diabetesmellitus [4, 5, 20]. As these stressesmay be created by
diverse and sometimes unrecognized causes, the mechanism
of the stress-induced diseases remains obscure [21, 22].

As described in Figure 1, different stress factors that
include hypoxia, the use of tobacco leaf, and pure nicotine
were found to be potent inducers of systemic dermcidin
synthesis. Although no reports are available on the effects
of environmental stresses on animals, particularly because
the environmental stresses might not produce any effect in
animals unlike in the case of human beings due to species
differences, our results as described under Figure 1 suggested
that these well-known stresses were capable of increasing
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Figure 4: Immunoblot analysis of the plasma dermcidin level in hypertensive subjects before and after the ingestion of aspirin. The plasma
from hypertensive persons before and after the ingestion (150mg/70 kg) of aspirin was subjected to immunoblot analysis using dermcidin
antibody as described in Section 2. The intensities of the bands obtained were determined using Image J software. Panel (a): 1 represents
dermcidin band before the ingestion of aspirin, 2 represents dermcidin band after the oral ingestion of the compound. Panel (b): 3 represents
corresponding profile plot of the intensity of the dermcidin band in the hypertensive patients before the ingestion of aspirin, 4 represents the
corresponding intensity of the dermcidin band after the ingestion of the compound in the same patients.The figure is a typical representative
of at least 10 different experiments using 10 different samples from 10 different volunteers (male = 5, female = 5).

dermcidin, which is reported to be a causative agent for both
diabetes mellitus and hypertension [7]. We have also found
that hypoxia, pure nicotine, and tobacco leaf extract were
capable of expressing dermcidin gene within 30mins of incu-
bation in tissue culture of muscle cells, liver cells (primary
culture), and endothelial cells of mice (unpublished) and
also in the plasma of human volunteers exposed to hypoxia
due to high altitude [26]. In other words, the effect of the
stress inducers on dermcidin was the de novo synthesis of
dermcidin on the expression of dermcidin gene as deter-
mined by the in vitro translation of dermcidin mRNA. We
have reported before that dermcidin was capable of inducing
T1BDM like condition due to the inhibition of glucose
uptake both in the pancreatic islets of Langerhans and in the
hepatocytes of the liver of adult mice [6]. As a consequence of
the impaired glucose uptake in both kinds of cells, the sugar-
induced synthesis of insulinwas inhibited due to the impaired
expression of both the proinsulin genes I and II in these cells
[8, 27]. The human dermcidin was reported to be a potent
inhibitor of all known forms of nitric oxide synthase (NOS)
due to its ability to act as a competitive inhibitor of l-arginine,
the only known substrate for all NOS [7]. The ability of
dermcidin to inhibit insulin synthesis was found to be related
to its effects on the synthesis of NO and it has been reported
before that the synthesis of NOwas critically important in the
hepatic synthesis of insulin in the presence of glucose [8].

In this context, it should also be mentioned here that,
despite repeated anecdotal claims that insulin resistance may
lead to hypertension, no report is yet available on the mecha-
nismof the development of hypertension in insulin resistance

cases either in the case of type 2 diabetes mellitus or in the
case of type 1 diabetes mellitus (T1DM). Indeed, the mecha-
nism of the primary (essential) hypertension, the major form
(<90%) of hypertension, until recently remained elusive.
We, for the first time ever, reported that a kidney cortex
derived antihypertensive protein ((r)-cortexin) was involved
in the development of EH in man [11, 28]. We have also
reported that dermcidin was not only a diabetogenic protein
for T1BDM but also had a critically important role in the
development of arterial hypertension through the inhibition
of the synthesis of (r)-cortexin in the kidney cortex cells due
to the inhibition of NO synthesis [29].

The results presented above described for the first time
ever that the lack of systemic insulin synthesis might have
led to the increased synthesis of dermcidin (Figure 5). It
was also found that the use of physiologic range of insulin
(25𝜇units/mL) was capable of increasing (r)-cortexin syn-
thesis in the presence of dermcidin (Figure 5). These results,
as such, demonstrated an etiological relation between the
insulin resistance (i.e., the lack of systemic insulin) and the
development of hypertension through the increased synthesis
of dermcidin, a potent stimulator of arterial blood pressures
(both systolic and diastolic) through the inhibition of (r)-
cortexin synthesis in the kidney.

As dermcidin was capable of inhibiting insulin synthesis
and as the lack of insulin synthesis was found to lead to
increased dermcidin synthesis, a vicious circle would be
implicated to worsen both T1BDM and hypertension due to
the lack of systemic insulin synthesis. As atherosclerosis is
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Bonferroni’s multiple comparison test, and the Newman-Keuls
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Figure 5: The opposing effect of dermcidin and insulin on the synthesis of (r)-cortexin. Typically kidney cortex cells homogenate in Kreb’s
buffer, pH 7.0, was prepared as described before [11]. The incubation of the suspension with 0.2𝜇Mdermcidin in the presence and absence of
different amounts of insulin was carried out as described in Section 2.The in vitro translation of the (r)-cortexinmRNAwas done as described
in Section 2 and the (r)-cortexin synthesis was quantitated by ELISA. Solid bar represents the control experiment using only kidney cortex
cells. The patterned bar represents incubation of kidney cortex cells treated with 0.2𝜇M dermcidin. Gray bars indicate the incubation of
kidney cortex cells treated with 0.2𝜇M dermcidin in the presence of different amounts of insulin (𝜇units/mL).The significance of the results
obtained between the different groups (A–G) has been shown in the figure. The results shown are mean ± SD of 10 different experiments
using 5 different goat kidney cortex cells preparation, each in triplicate.

reported to be the cause of increased incidences of cardio-
vascular and cerebrovascular conditions and as hypertension
and diabetes mellitus are reported to be the two major risk
factors for the development of atherosclerosis [30], the devel-
opment of T1BDM might lead to increased atherosclerosis
due to the lack of systemic insulin synthesis through the stim-
ulation of the synthesis of dermcidin. Indeed, no mechanism
of increased atherosclerosis in T1DM is currently available.

The chronic use of aspirin has been reported to reduce the
occurrence of cardiovascular disease [31]. However, nomech-
anistic explanation of the aspirin effect on the reduction of
atherosclerosis through the inhibition of cyclooxygenase that
might lead to the control of either diabetes mellitus or hyper-
tension is available. We have, on the other hand, reported
that aspirin was an effective medication for the inhibition
of dermcidin synthesis through the synthesis of NO [6, 8].
And, as such, the use of chronic aspirin in T1BDM might
be helpful to prevent coronary artery disease through the
inhibition of dermcidin synthesis aswell as through increased
systemic insulin synthesis due to the stimulation of nitric
oxide synthase [6, 8]. The importance of aspirin-induced

inhibition of cyclooxygenase in platelets in the reduction of
cardiovascular diseases might have been overemphasized or
speculative, in that the platelet aggregation in the absence of
atherosclerosis in many cases is considered to be beneficial
[7]. In this context it must be mentioned that dermcidin
at nM ranges was found to induce platelet aggregation that
could be inhibited by insulin (Figure 6).The results presented
above taken together suggest the effects of the stress protein in
the pathogenesis of various diseases including hypertension,
hyperglycemia, and coronary artery disease, all of which are
known to be involved in the development of AIHD which
in turn could be controlled by insulin or aspirin through the
synthesis of NO [6, 14].

As described above, the stimulated synthesis of dermcidin
due to the lack of systemic insulin might play an important
role in the development of atherosclerosis in T1BDM. In
a preliminary study it was also found that, in type 1A
diabetes mellitus, which is reported to be mediated by the
immunologic assault of the pancreatic 𝛽 cells [32], the plasma
dermcidin level was found to be markedly increased (unpub-
lished).
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Figure 6: Effect of insulin on platelet aggregation in platelet rich
plasma induced by electrophoretically pure dermcidin. Platelet rich
plasma (PRP) was prepared as described in Section 2 and incubated
with≈1.0 nMdermcidin for 90min at 37∘C. In a parallel experiment,
PRP was incubated with the same amount of dermcidin in the
presence of 100𝜇units/mL insulin to determine the effect of the
hormone on the dermcidin-induced platelet aggregation.The curves
grouped under A represent the aggregation of the PRP incubated
with≈1.0 nMdermcidin in 10 different PRP from 10 different normal
volunteers. Curve B shows the inhibition of platelet aggregation
incubated with ≈1.0 nM dermcidin and 100𝜇units insulin. Curve C
represents the platelet aggregation of PRP in control experiment.
The figure shown here is a typical representative of at least 10
different experiments using purified dermcidin in PRP from 10
different normal volunteers (m = 5; f = 5).

5. Conclusion

The systemic lack of insulin in T1DM where the plasma
insulin level is known to vary from 0 to 10 𝜇units/dL might
lead to the increased synthesis of dermcidin (Figure 5) which
could be overcome in the presence of as low as 25𝜇units of
insulin/dL. And, as such, use of insulin itself might control
essential hypertension. As insulin was found to inhibit
synthesis of dermcidin, which is reported to induce platelet
aggregation, the use of insulin might also prevent AIHD in
T1DM through the inhibition of dermcidin synthesis.

Finally, it might be inferred that the stress-induced
proteinwhich has been reported to cause life-threatening dis-
eases like hypertension, hyperglycemia, and AIHD could be
controlled by insulin. Thus, insulin could have a global effect
on the control of various diseases ranging from hypertension
and diabetes mellitus to coronary artery disease.
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