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Abstract

Background: Long-term administration of dexamethasone induces adverse effects such as muscle catabolism, hyperplasia,
increased adiposity, and insulin resistance (IR). In view of these data, many authors tried to induce IR with different individ-
ual dose ranges with a varied induction periods. In this study, dexamethasone was used to find the dose to induce maximum
insulin resistance in rodents. Materials and methods: A sum of 42 healthy male Wistar albino rats were categorized into six
groups of dexamethasone treatment and one control group (n=6/group). In a 6-day study period, all treatment groups received
respective graded doses of dexamethasone starting from low — (0.5 mg/kg and 1 mg/kg), intermediate — (2 mg/kg and 4 mg/kg)
and high-dose (8 mg/kg and 16 mg/kg). Results: Graded doses of dexamethasone treatment for 6 days produced hyperglycemia
and hyperinsulinemia in a dose-dependent manner and the maximum effect was noted with high doses of dexamethasone com-
pared to intermediate and low (p<0.05). The profound reduction in insulin sensitivity was caused by high-doses of dexametha-
sone treatment evidenced by sustained elevation of homeostatic model assessment of insulin resistance (HOMA-IR) which was
strongly associated with a declined homeostatic model assessment of insulin sensitivity (HOMA-IS), The peripheral sensitivity
indices, Gutt and Matsuda, were markedly elevated in high dexamethasone groups compared to intermediate- and low-dose
groups (p<0.05). Serum lipids and creatinine (p<0.05), whereas high-density lipoprotein cholesterol (HDL-CH) was markedly
reduced and resulted in the subsequentrise in the atherogenic index (AGI) (p<0.05). Moderate to severe glycosuria and ketonuria
were noted in intermediate- and high-dose treatment groups only. However, there is no significant difference in metabolic effects
between 8 mg/kg and 16 mg/kg treatments (p>0.05). Conclusion: Administration of 8 mg/kg dexamethasone for 6 days would be
sufficient for the induction of maximum insulin resistance in Wistar albino rats.

Keywords: HOMA, insulin resistance, hyperglycemia, hyperinsulinemia, metabolic effects.

Background and aims

Glucocorticoids can cause insulin resis-
tance (IR) and lipid abnormalities on long-term
use [1] and which may result in the development
of type II diabetes, cardiovascular diseases, hyper-
tension, polycystic ovary disease, non-alcoholic
fatty liver disease, etc. [2]. They can also affect elec-
trolytes and water excretion because of their min-
eralocorticoid action in experimental animals.

Dexamethasone (Dex) is a long-acting glucocor-
ticoid and devoid of mineralocorticoid activity,
relative to cortisol. It has many therapeutic appli-
cations in clinical practice which include anti-in-
flammatory and immunosuppressant actions. Dex
in excess or its chronic usage results in unwanted
effects such as muscle catabolism, increased adi-
posity, and increased insulin resistance.
Although, the currently available insulin
resistance animal models are less relevant to the
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pathological process of insulin resistance caused by
the natural multi-factorial process, thus limiting
the screening of agents that controls only the level
of blood glucose [3]. It is most important to develop
insulin resistance animal models that mimic the
natural pathological process of insulin resistance.
The literature revealed, many authors have tried
dex to induce insulin resistance in rodent models
to have a better understanding of the pathophysio-
logical process of insulin resistance and to develop
insulin sensitizers [4]. But there is an uncertainty
in terms of duration and dosage chosen. The pres-
ent study is aimed to determine the appropriate
dose of dexamethasone and the duration to induce
maximum insulin resistance in rodents.

Materials and methods

An average body weight (250-275 g), male
Wistar albino rats have been reared individually
in polypropylene cages at 23-25°C with 12 hours
light: 12 hours dark cycle with access to standard
food pellets and water ad libitum for 15 days. All
the experimental animals were acclimatized for
15 days prior to the initiation of the experiment.
Theethical clearance (Letter no: AEC/29//2017) for
the proposed study was obtained from the IAEC,
KS Hegde Medical Academy, Karnataka, India.

Grouping of animals

As shown in (Table 1), graded doses of dex
were chosen starting from low (0.5 mg/kg and 1
mg/kg), intermediate (2 mg/kg and 4 mg/kg) and
high doses (8 mg/kg and 16 mg/kg), to demon-
strate the dose-dependent metabolic effects of
insulin resistance. A sum of 42 healthy male Wis-
tar albino rats was allocated into six groups of
dexamethasone treatment and one control group
with six animals in each group.

Procedure
According to the bodyweight of each ani-

mal, doses of dexamethasone have been adminis-
tered through the intraperitoneal route (i.p) for 6
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Table 1: grouping of animals and administration of
graded doses of dexamethasone to respective groups.

Dose of
Groups dexamethasone n
(mg/kg BW/i.p)
Control  Normalsaline 6
I 0.5 6
II 1 6
II1 2 6
1Y 4 6
\Y% 8 6
VI 16 6

Note: i.p=intraperitoneal route.

days. Each rat was allowed to have only standard
food pellets and water up to the 5th day evening
ad lib. Followed by overnight fasting, on day six,
dex was given as per the drug schedule, collected
fasting blood samples by retro-orbital sinus punc-
ture method under ether anesthesia by open drop
method. The collected fasting samples were pro-
cessed for estimating fasting blood sugar (FBS),
Fasting insulin, and serum lipids. A glucose tol-
erance test (IPGTT) was carried out in all rats by
administering i.p glucose (2 gm/kg body weight)
as per the body weight. At intervals of 30 min-
utes, 60 minutes, and 120 minutes of post-IPGTT,
blood samples were collected and processed for
the estimation of glucose and insulin [5]. Both
fasting and post-IPGTT samples were centrifuged
at 4000 RPM/20 minutes for serum and processed
for biochemical estimation (fasting glucose,
serum lipids, and insulin).

Estimation of serum glucose

Serum glucose level was estimated in mg/
dl according to the GOD-PAP method and it was
expressed as Mean+SD [6].
Estimation of serum insulin

ELISA insulin estimation kit which is

ultra-sensitive for rats [7] was bought from Crys-
tal Chem labs, New Delhi. A high range assay was
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conducted (1-64 ng/ml) to obtain the insulin values
with the provided reagents and serum samples.
The microplates coated with the antibody reagent
and marked ‘A’ was fixed to the Elisa frame. Each
well was filled with 95 pl of sample diluent that
was marked ‘G’ and 5 pl of the sample. The micro-
plate was kept in incubation for 2 hours at 4°C.
After the incubation period, each well was washed
five times with wash buffer solution. Anti-insulin
enzyme conjugate, 100 pl per well was dispensed
and the microplate was kept in incubation for
half-an-hour at room temperature. Later, each
well was washed seven times with a buffer solu-
tion. Enzyme substrate solution marked ‘E’, 100 pl
per well was dispensed. Then, the microplate was
again incubated for 10 minutes at room tempera-
ture in a light-free area. The enzyme reaction stop
solution marked ‘F’, 100 pl per well was added to
stop the enzyme reaction. With the help of stan-
dard curves, optical density values were obtained.
The optical density values were later converted
to their original insulin values (WU/ml) by using
a linear regression equation in MS Excel 2013 ver-
sion. The data were represented as Mean+SD.

Quantification of insulin resistance /sensitivity surro-
gate indices

Formulas used for estimating indices:

HOMA-IR=fasting insulin xfasting glucose +405

HOMA-IS= 10000+fasting insulin xfasting
glucose [8]

_ 500+(G0—G120)x0.19xbody wt 9
0,120 [ ]

Gutt index = ISI

120XG meanxlog(I mean)

Matsuda index ISI = 10000 [10]

(Matsuda)  \/GOXIOXG meanxI mean

Atherogenicindex (AGI) = HDLC-CH/HDLC [11]

The homeostatic model assessment
(HOMA) was employed to understand the degree
of hepatic insulin resistance (IR) and sensitivity
(IS). Peripheral IS was determined by the Gutt
index whereas, the whole body IS was assessed by
the Matsuda index. Further, AGI was determined
to assess the risk of atherogenesis.
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Lipid profile (HDL, LDL, VLDL, TGs, and CH)

The lipid profile was determined by using
standard laboratory reagents, reagent kits, and
an automatic analyzer. The HDL cholesterol was
determined by phosphotungstate magnesium
acetate precipitation method, triglycerides (TGs)
were determined by GPO-PAP method and the
serum total cholesterol (CH) was determined by
Oxidase peroxidase method.

The VLDL and LDL were determined by
using standard formulae, as follows VLDL=tri-
glycerides/5 and LDL=total cholesterol - [HDL
cholesterol - triglycerides/5], respectively [11].

Urine glucose and ketones

The fasting samples of urine were col-
lected on day 12th morning in sample containers
and the presence of glucose and ketones were
determined by (uristix) dipstick method [12].

Statistical analysis

Data were represented as Mean+SD and
One-way ANOVA was used for comparison and
Post-hoc Scheffe multiple comparison tests
were also employed. Statistical significance was
assumed at the 5% level of significance and P<0.05
was considered as significant.

Results

Dose-dependent effect of dexamethasone on food intake,
body weight, and water intake

The dose-dependent effect of dexameth-
asone on food intake, body weight, and water
intake of rats in respective treatment groups was
recorded. The rats treated with low doses (0.5
mg/kg and 1 mg/kg) showed mild reduction in
body weights and as the doses were increased the
reduction of body weights was also more marked
correspondingly. A maximum of [109.5+4.2 g]
31.9% reduction in body weights from day 7 to
day 12 with 16 mg/kg and [102.8+6.6 g] 31.6% of

© 2021 The Authors
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reduction with 8 mg/kg of dexamethasone treat- 8 mg/kg and 16 mg/kg treatments (FigurelA). At
ment which were highly significant (p<0.05) com- a dose of 16 mg/kg, dexamethasone produced a
pared to remaining dexamethasone doses but, maximum of [34.3+4.8 g] 91.9% reduction and
the difference was insignificant (p>0.05) between 8 mg/kg dexamethasone produced [30.6+3.2 g]
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Figure 1A-C: Mean values of net reduction in food intake, body weight (d) and net increase in water intake in con-
trol and dexamethasone treatment groups on day 12.
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87.9% reduction in food intake in rats from day 7
to day 11. The high doses (8 mg, 16 mg/kg) caused
a significant reduction in food intake compared
to low (0.5 mg/kg and 1 mg/kg) and intermediate
doses (2 mg/kg and 4 mg/kg) (p<0.05) However,
the difference was insignificant between 8 mg/kg
and 16 mg/kg of dexamethasone (p>0.05) (Figure
1B). A maximum of [25.1+2.0 ml] 67% and [16.5+2.8
ml] 65% rise in water intake was recorded in 16
mg/kg and 8 mg/kg dexamethasone respectively
from day 7 to day 12 which were statistically sig-
nificant compared to other doses of dexametha-
sone-treated groups (p<0.05) (Figure 1C).

Dose-dependent effects on fasting glucose and insulin in
dexamethasone-treated groups

The dose-dependent hyperglycemia and
hyperinsulinemia were observed with graded
doses of dexamethasone (Graphs 1 and 2). The
peak blood glucose (268.1 mg/dl, 270.6 mg/dl) and
insulin levels (20.2 ng/ml and 19.4 ng/ml) were
recorded in 8 mg/kg and 16 mg/kg dexametha-
sone groups, respectively, and the mean differ-
ence between them was statistically insignificant
(p>0.05), whereas the difference in mean values
of serum glucose and insulin levels between high
and intermediate to low doses were statistically
significant (p<0.05).

Post-IPGTT blood glucose levels in control and dexa-
methasone treatment groups on day 12

The maximum rise in serum glucose and
insulin levels at 30, 60, 120 minutes of post-IPGGT
were noted with high doses of dexamethasone
treatment and the mean difference in the rise of
serum glucose levels were significant compared to
PC and low doses of dexamethasone (p<0.05) but
not with intermediate doses (p>0.05) (Figure 2).

Determination of surrogate indices for the assessment of
insulin sensitivity and insulin resistance and AGI

The dose-dependent effect of dexameth-
asone on surrogate indices for insulin resistance

3956
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and sensitivity was determined by using serum
glucose and insulin levels. The marked effects
were noted with a high dose of 8 mg/kg treatment
followed by 16 mg/kg compared to control, low,
and intermediate-dose levels, they significantly
raised the HOMA-IR and decreased HOMA-IS
(p<0.05). Gutt and Matsuda’s indices were noted
significantly less compared to low and interme-
diate dose levels (p<0.05) (Figure 3A-D). The AGI
was also significantly increased with high doses
than with intermediate and low doses of dexa-
methasone (p<0.05) (Figure 3E).

Effect of graded doses of dexamethasone on serum lipids,
creatinine

Dexamethasone produced dose-depen-
dent increment in LDL, VLDL, TG, CH and
markedly decreased the HDL levels compared to
control (p<0.05). The maximum reduction in HDL
and elevation of other lipoproteins was observed
with 8 mg/kg and 16 mg/kg dexamethasone treat-
ments and the difference was statistically signif-
icant compared to low and intermediate doses
of dexamethasone (p<0.05) (Figure 4A-E). The
serum creatinine was also significantly elevated
with 8 mg/kg and 16 mg/kg treatment compared
to low and intermediate doses of dexamethasone
(p<0.05) (Figure 4F).

Dose-dependent effect of dexamethasone on urine glu-
cose and ketones

Mild and moderate glycosuria and keton-
uria were observed with 2 mg/kg and 4 mg/kg
dexamethasone treatment respectively whereas,
high doses of dexamethasone (8 mg/kg, 16 mg/
kg) produced severe glycosuria and ketonuria-
(Table 2).

Discussion

Dexamethasone, a glucocorticoid of
intermediate action, is in use for many years
in the management of many inflammations,
immune-mediated and autoimmune conditions,

© 2021 The Authors
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Serum glucose (mg/dl)

Control 0.5 1

Dexamethasone (mg/kg)

268.1

270.6

2 4 8 16

Graph 1: Effect of graded doses of dexamethasone (mg/kg BW) on fasting serum glucose in control and dexameth-

asone treatment groups on day 12.
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Graph 2: Effect of graded doses of dexamethasone (mg/kg BW) on fasting serum insulin in control and dexameth-

asone treatment groups on day 12.

etc. However, it also has its own set of harmful
effects on long-term use or the use of high doses,
likely to be affecting metabolic and immune-me-
diated events in the body. Formerly, many
investigators who used dexamethasone for the
induction of insulin resistance in animals and
succeeded [13] but outcomes were uncertain. Cur-
rently, the area of interest is to determine the dose
of dexamethasone that causes maximum insulin
resistance and its metabolic consequences.

In the present study, graded doses of
dexamethasone have been administered to mon-
itor the metabolic effects like hyperinsulinemia,

© 2021 The Authors

hyperglycemia, and altered lipid profile and to
obtain the optimal dose level which can cause
significant insulin resistance to screen poten-
tial insulin sensitizers. In a 6-day study period,
rats were administered with dexamethasone, as
graded log doses starting from the minimum dose
of 0.5 mg and extended up to a maximum of 16 mg
per kg BW/day.

Regular and long-term use of glucocorti-
coids like dexamethasone is known to cause an
increase in body weight, food intake (polyphagia)
[14] and increased water intake [15], and excessive
release of endogenous cortisol results in Cushing
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Figure 2: Mean values of post IPGTT serum glucose values in control and dexamethasone treatment groups on day 12.

Table 2: Mean values of urine glucose and ketones in
control and dexamethasone treatment groups on day
12.

Group Glycosuria Ketonuria
I-Control - -

11-0.5 mg/kg - -

I1I-1 mg/kg - -

IV-2 mg/kg + -

V-4 mg/kg ++ ++

VI-8 mg/kg 4+ +4+
VII-16 mg/kg ++ ++

Note: + Mild, ++ Moderate, +++ Severe, - Absent.

syndrome. In the current study, acute treatment
(6 days) with high doses of (8 mg/kg and 16 mg/
kg/day) dexamethasone for 6 days resulted in
severe weight loss and reduced food intake which
disagrees with the above-mentioned statements.
A study which is in accordance with the current
study results states that 10 pg/day dexametha-
sone caused weight reduction by 10 g/week. A
theory was proposed in favor of the current find-
ings on body weight loss is that the dexameth-
asone caused time and dose-dependent loss in
body weight and muscle of rats due to up-regula-
tion of a protein by name intramuscular myosta-
tin and concentrations of mRNA, also associated
with a fall in the expression of MCHII and these
changes might occur through glucocorticoid
receptor-mediated pathway [16]. The dexameth-
asone caused a dose-dependent reduction in food

358 https://doi.org/10.46389/rjd-2021-1052

intake. Glucocorticoids inhibit leptin effects and
maintain food intake whereas, higher glucocor-
ticoid levels defend lipid stores in the body. This
indicates that maintenance of appropriate lev-
els of glucocorticoid would preserve the regular
pattern of food intake and higher levels increase
lipids and fat which supports the findings of
the present study [17]. In rats, hypothalamic
NPR-A (natriuretic peptide A) activation inhib-
its water intake induced by dehydration upon
chronic administration of glucocorticoids [18].
In the present study, polydipsia (increased water
intake) was observed in a dose-dependent pattern
with the administration of dexamethasone for
a period of 6 days). This finding is in accordance
with the above statement.

The dose-dependent effect of dexametha-
sone on serum glucose and insulin was postulated
by plotting a dose-response curve for serum glu-
cose and insulin. Peak concentrations of serum
insulin and serum glucose were recorded with
high doses of dexamethasone (8 mg/kg and 16 mg/
kg/day) for 6 days. Previously few authors have
been postulated that dexamethasone-induced
hyperinsulinemia and hyperglycemia but there
was wide variability in the dose and duration of
the treatment [19, 20]. A conflict was found by
Girish et al., a single dose of 1 mg/kg/ip dexa-
methasone did not decrease insulin sensitivity
[21]. The reason might be that the dose and dura-
tion of dexamethasone given was might not suf-
ficient to induce insulin resistance. A study by
Matsumoto K et al. demonstrated that a decline
in glucose disappearance against the high dose

© 2021 The Authors
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Figure 3A-E: Mean values of surrogate indices of insulin resistance and sensitivity in control and dexamethasone

treatment groups on day 12.

of dexamethasone (6 mg/day) for 3 days might be
associated with compensatory failure in the num-
ber of pancreatic beta cells [22]. Findings in the
present study agree with the aforementioned the-
ory, as the 8 mg/kg of dexamethasone continued
a sustained rise in serum glucose levels above the
level of 8 mg/kg but not the serum insulin level as
it is declined just below with 16 mg/kg/day.

© 2021 The Authors
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Higher doses of dexamethasone produced
maximum glucose intolerance as evidenced by
the rise in post-IPGTT glucose levels in Wistar
rats and these findings were followed the study
done by Rafacho A et al. [23, 24].

Sensitivity indices were severely dis-
turbed with high doses of dexamethasone.
Marked and sustained rise of HOMA-IR and fall
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Figure 4A-F: Mean values of serum lipids and creatinine in control and dexamethasone treatment groups on day 12.

of HOMA-IS suggest that the hepatic component
of insulin sensitivity was severely dampened,
whereas the fall in Gutt index reveals the strong
inhibitory action of dexamethasone on periph-
eral insulin sensitivity. Intense curtailment of
insulin sensitivity in both hepatic and peripheral
components was substantiated by declined Mat-
suda index.
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The intention to determine the serum
lipid profile was the insulin resistance and hyper-
insulinemia typically associated with atherogenic
dyslipidemia, which in turn increase the risk
of atherogenic diseases [25]. The hyperinsulin-
emia intensifies the VLDL synthesis further into
hypertriglyceridemia; VLDL undergoes a process
of the progressive elimination of apolipoproteins

© 2021 The Authors



from them that result in the formation of IDL and
LDL [26]. Further, the pluripotent mesenchymal
cell line from mouse bone marrow stroma differ-
entiated into adipocytes with the treatment with
109, 10® and 107 molar concentrations of dexa-
methasone. They increased the number of TGs in
the cells and expressed the fat cell-specific gene,
422(aP2), strongly raised with chronic exposure
to the high concentration of dexamethasone [27].
This statement is in accordance with the pres-
ent findings regarding lipid profile. Along with
the dose-dependent rise in TGs, dexamethasone
treatment also caused marked elevation of other
lipoproteins as well. Nevertheless, the rise in
levels of lipoproteins LDL, VLDL, CH, TGs were
observed from 0.5 mg/kg itself, and the degree of
rising continued until the 16 mg/kg dose. In con-
trast, the dose-dependent reduction in HDL lev-
els began from a 1 mg/kg dose of dexamethasone
treatment and a variable degree of reduction con-
tinued until the dose of 16 mg/kg.

Theatherogenicindexisanimportant sur-
rogate predictor for hyperinsulinemia in men and
with high CRP levels in women, which causes cor-
onary heart disease and type II diabetes [28]. The
maximum elevation of AGI was noted with high
doses of dexamethasone treatment. The cause for
this rise is possibly associated with profoundly
declined HDL and elevated free cholesterol levels.

It is known that creatinine is a meta-
bolic by-product of muscle catabolism and since
dexamethasone causes enhancement in muscle
catabolism and induces cachexia [29] which in
turn results in elevated creatinine levels and this
finding is the important reason for the reduc-
tion in body weight in the animal treated with
dexamethasone.

The studies on dexamethasone-induced
insulin resistance explained the signs of hyper-
glycemia and altered lipid profiles but none pos-
tulated glycosuria, an important sign of diabetes
mellitus. The present study evaluated that, the
low doses of dexamethasone (0.5 mg/kg and 1
mg/kg) did not cause glycosuria and ketonuria.
However, the signs were observed from 1 mg/kg/
day and maximum glycosuria and ketonuria were
recorded in high doses of dexamethasone 8 mg/
kg/day and 16 mg/kg/day. It is suggestive that, low
doses of dexamethasone may not be sufficient to

© 2021 The Authors
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produce marked hyperglycemia, which would
result in glycosuria and further into ketonuria.
Maximum ketonuria was noted with 8 mg/kg/day
and 16 mg/kg/day. This study strengthened the
hypothesis that high doses of dexamethasone not
only cause maximum insulin resistance but also
induce glucose toxicity in Wistar rats.

Conclusion

Treatment with a high dose (8 mg/kg or 16
mg/kg) of dexamethasone for short-term (6 days)
produced maximum hyperglycemia, hyperinsu-
linemia, and severe dyslipidemia, which are the
key signs of insulin resistance. Administration
of 8 mg/kg dexamethasone for 6 days would be
sufficient for the induction of maximum insulin
resistance in Wistar rats, and this model could be
employed to screen potential insulin sensitizers.

Limitations

The rats in groups from 4 mg/kg onwards
exhibited sluggish activity from day 3, and a tem-
perature rise was noted in two rats in the 16 mg/
kg group on day 6.
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