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Abstract

Background Hypertension is a medical condition that often comorbidly exist in patients with type Il diabetes.
Therefore, it is very important to manage both conditions simultaneously to mitigate the complications and mortality
connected with this comorbidity. Hence, this study investigated the antihypertensive and antihyperglycemic effects
of combinations of losartan (LOS) with metformin (MET) and/or glibenclamide (GLB) in hypertensive diabetic rats.
Hypertensive diabetic state was induced with desoxycorticosterone acetate (DOCA) and streptozotocin (STZ) in adult
Wistar rats. The rats were divided into 5 groups (n=5): control group (group 1), hypertensive diabetic (HD) control
(group 2), treatment groups receiving LOS +MET (group 3), LOS 4+ GLB (group 4), and LOS +MET 4+ GLB (group 5).
Group 1 comprised healthy rats while groups 2-5 were HD rats. The rats were treated orally once daily for 8 weeks.
Fasted blood glucose (FBS) level, haemodynamic parameters, and some biochemical indices were thereafter assessed.

Results FBS level and blood pressure measurements were significantly (P < 0.05) increased following induction by
DOCA/STZ. The drug treatment combinations, particularly combination of LOS + MET + GLB, significantly (P<0.05)
reduced the induced hyperglycemia and remarkably decreased systolic blood pressure and heart rate. There was
significant (P < 0.05) reduction in raised lactate dehydrogenase and creatinine kinase levels by all drug treatment
combinations except LOS + GLB.

Conclusions Our findings suggest that LOS combinations with MET and/or GLB exhibited significant antidiabetic
and antihypertensive effects against DOCA/STZ-induced hypertensive diabetic state in rats.
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Background

Diabetes mellitus (DM) is a chronic endocrine and meta-
bolic disorder that is characterized by elevated blood glu-
cose level generally referred to as hyperglycemia and it is
due to deficiency in insulin secretion or action [1, 2]. DM
poses a global threat as millions of individuals are cur-
rently affected, with the figure set to double by 2030 [3,
4]. High morbidity (illness) and mortality (death) levels
of diabetes amongst the Nigerian population have been
reported [5, 6]. The disease may arise either as result of
either the pancreatic B-cells does not produce enough
insulin to regulate blood glucose level (Type I DM) or
cells do not respond to the insulin produced (Type II
DM) [7, 8]. DM is phenotypically characterized by high
blood sugar, glucosuria and several microvascular and
macrovascular complications linked to endocrine and
metabolic dysfunctions [9]. Classical symptoms of the
disease include frequent urination (polyuria), intense
thirst (polydipsia) and hunger (polyphagia).

The pathogenesis of DM has been reported as multifac-
torial. There are some evidence largely suggesting the role
oxidative damage, inflammation, apoptosis of pancreatic
beta cells and prolonged increased levels vasopressin,
which is released within the hypothalamic supraoptic
nucleus [10, 11]. Long-term elevated levels of hyperglyce-
mia are associated with numerous complications includ-
ing hyperglycemia-induced microvascular damage [12].
This vascular damage has been linked to rigidification of
vascular structures, notably mediated by excessive gen-
eration of free radicals and altered vascular immune sys-
tem [12]. Remarkably, the complications of diabetes are
linked to hyperglycemia-induced oxidative stress which
may therefore overwhelms the body’s innate natural
anti-oxidant system [13, 14]. This is significantly due to
altered glucose, lipid and protein metabolisms as well as
glycation of proteins as well as a vicious cycle of reactive
oxygen species (ROS) generation in different body organs
including the cardiovascular system [15, 16].

Indeed, hypertension is a major cardiovascular disease
that poses health threat to both developed and develop-
ing countries with over 40% of cardiovascular mortality
resulting from the interplay between genetic and envi-
ronmental factors [17]. Hypertension is characterized of
persistent increase in systolic blood pressure (SBP) above
140 mmHg or a diastolic blood pressure (DBP) above
90 mmHg [18]. It is classified into two categories: pri-
mary hypertension of which has no identifiable etiology
and accounts for over 90% of cases, and secondary hyper-
tension (10%) which is the elevation of blood pressure
from identifiable causes including increased catechola-
mine, altered renin-angiotensin pathway, and increased
sodium and water retention [19]. Comorbidity of DM
and essential hypertension is very predominant and
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often linked to lowered life satisfaction of sufferers [20].
Patho-mechanistically, diabetes-induced exacerbated dis-
charge of the sympathetic, renin-angiotensin aldosterone
systems, as well as resistance to insulin, and increased
insulin blood level (hyperinsulinemia), are predisposing
pathological factors to hypertension [21-24]. Mount-
ing bodies of evidence revealed that poorly managed
comorbid DM and hypertension is an important promot-
ing risk factor for the occurrence renal impairment and
stroke among victims [21-23]. Given the multifaceted
etiological factors mediating essential hypertension, we
used deoxycorticosterone acetate (DOCA)-salt induced
hypertension, which is a more translational, neurogenic
and a high salt diet model of hypertension [25]. Among
multiple mechanisms, DOCA-salt-induced hyperten-
sion was strongly linked to impaired renin-angiotensin
pathway and hypervolemia, in which the kidney reab-
sorbs excessive sodium and water due to deranged renal
sodium handling capacity [25]. Intriguingly, the combi-
nation of DOCA and streptozotocin (STZ), which is an
established, popular preclinical animal model of DM,
have been previously used to mimic a comorbid state of
type 2 DM and hypertension which was characterized of
decreased levels of blood insulin level and sustained high
blood pressure. However, the etiological mechanisms
remain incomplete [26] and moreover, no pharmacologi-
cal treatment was applied on the animals.

In both comorbid cases, DM and hypertension can
be managed by dietary modifications, exercise, and life-
style changes [27]. With the use of hypoglycaemic drugs
such as sulphonylureas, biguanides, thiazolidinediones,
alpha-glucosidase inhibitors, and/or insulin, DM can be
effectively mitigated [28, 29]. In hypertensive conditions,
therapeutic agents used include diuretics, calcium chan-
nel blockers (CCBs), angiotensin-converting enzymes
inhibitors (ACEIls), angiotensin II receptor blockers
(ARBs), B-adrenoceptor blockers, amongst others [30].
Although simultaneous treatment of both conditions
in hypertensive diabetic patients is intended to primar-
ily attenuate the risk of macrovascular complications
and mortality, there have been crosstalk on the different
levels BP to be achieved in patients with DM [31, 32].
Thus, experts in the field recommend BP reduction of
130 mmHg and 80 mmHg for SBP and DBP respectively
in patients with DM [32-34]. Accordingly, the Eighth
Joint National Committee report of 2014, recommended
that initial drug therapy for hypertension (including dia-
betic patients) should include a thiazide-type diuretic, a
CCB, ACE inhibitor, or ARB (for non-black patients) and
a thiazide-type diuretic, or a CCB for black patients [33,
34]. Also, a recent systematic review and network meta-
analysis of 42 clinical trials, suggest that reducing SBP
to between 120 and 124 mmHg with commonly used
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antihypertensive medications may result in a significant
decline in the risk of cardiovascular disease and mortal-
ity [35]. A study was shown to demonstrate the effect of
enalapril, an ACE inhibitor on a hypertensive-diabetic
state induced by DOCA-STZ but without a combination
with any antidiabetic agents, thereby limiting the scope
of the outcomes [36]. Furthermore, investigation of the
interactive effects of a commonly used antihypertensive
drug such as losartan, and antidiabetic drugs includ-
ing metformin and/or glibenclamide in hypertensive-
diabetic-like conditions as simulated by DOCA-STZ in
rats remain unknown. In line with this, we investigated
the antidiabetic and antihypertensive effects of the com-
bination of an ARB (losartan) with a biguanide (met-
formin) and/or a sulfonylurea (glibenclamide) in DOCA/
STZ-induced hypertensive diabetic rats. This was to
specifically elucidate the hemodynamics associated with
the therapeutic interactions as well as characterized the
mechanisms associated with tissue injuries.

Results

Effects of losartan, metformin, and glibenclamide on body
weight of DOCA + STZ hypertensive diabetic rats

Table 1 shows the effects of LOS, MET and GLB on body
weight of DOCA + STZ-induced hypertensive diabetic
rats. There was significant (P<0.05) decrease in the body

Table 1 Effects of losartan, metformin, and glibenclamide on
body weight of DOCA + STZ hypertensive diabetic rats

Treatment Initial Week 4 Week 8

Normal Control 237204361 296404620 317.80+9.17
HD Control 273604623  190.0046.12" 167.40£445"
HD + LOS + MET 261.80+£755  21460+1191" 2004041242
HD+LOS+GLB 2596041079 2502041223 23500+13.78"
HD+LOS+MET+GLB 265004776  24720+150% 225804320

All values are expressed as mean & SEM (n=5). *P < 0.05 when compared with
normal control; *P <0.05 when compared with hypertensive diabetic control.
(HD Control Hypertensive Diabetic Control, HD Hypertensive Diabetic Rats, LOS
Losartan, MET Metformin, GLB Glibenclamide)
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weight of the HD control at week 4 and week 8 when
compared with the normal control. Drug treatments with
LOS+MET, LOS + GLB, and LOS+ MET + GLB showed
decrease in body weight throughout the treatment
period, however, LOS 4+ GLB and LOS + MET + GLB had
significance (P<0.05) across week 3 to week 8 when com-
pared with the HD control.

Effects of losartan, metformin and glibenclamide

on 2-hourly fasting blood sugar level of DOCA +STZ
hypertensive diabetic rats

Table 2 shows the effects of LOS, MET and GLB on
fasting blood sugar level (hourly) of DOCA+STZ-
induced hypertensive diabetic rats. There was a signifi-
cant (P<0.05) increase in FBS level of the HD control
across the 2nd hour to 6th hour when compared with
the normal control. Drug treatments with LOS+ MET,
LOS+ GLB, and LOS + MET + GLB showed a significant
(P<0.05) decrease in FBS level across the 2nd hour to 6th
hour when compared with the HD control.

Effects of losartan, metformin and glibenclamide

on weekly fasting blood sugar level of DOCA + STZ
hypertensive diabetic rats

Table 3 shows the effects of LOS, MET and GLB on fast-
ing blood sugar level (weekly) of DOCA + STZ-induced
hypertensive diabetic rats. There was a significant
(P<0.05) increase in FBS level of the HD control across
week 1 to week 8 when compared with the normal con-
trol. Drug treatments with LOS + MET, LOS+ GLB and
LOS + MET + GLB showed significant (P<0.05) decrease
in FBS level across week 1 to week 8 when compared with
the HD control.

Effects of losartan, metformin and glibenclamide

on systolic blood pressure of DOCA + STZ hypertensive
diabetic rats

Table 4 shows the effects of LOS, MET and GLB on
systolic blood pressure of DOCA+STZ-induced

Table 2 Effects of losartan, metformin and glibenclamide on 2-hourly fasting blood sugar level of DOCA + STZ hypertensive diabetic

rats

Treatment Post-induction (mg/dL) 2nd Hour 4th Hour 6th Hour
Normal Control 84.4042.69 76404269 79.6042.20 72.8040.49
HD Control 354.6042.09 354.0041.79 359.6043.36" 349604 1.83"
HD + LOS + MET 361.20+7.84 29040+ 13.72"* 274004857"" 256.004 245"
HD+LOS+ GLB 329.60+6.73 288.6043.80"" 2468044037 2252042807
HD+LOS+ MET +GLB 382.00+3.51 30340+745" 261404854 238604567

All values are expressed as mean + SEM (n=5). *P < 0.05 when compared with normal control; *P <0.05 when compared with hypertensive diabetic control;
3P <0.05 when compared with LOS + MET treatment. (HD Control Hypertensive Diabetic Control, HD Hypertensive Diabetic Rats, LOS Losartan, MET Metformin, GLB

Glibenclamide)
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hypertensive diabetic rats. There was a significant
(P<0.05) increase in systolic BP of the HD control across
week 1 to week 8 when compared with the normal con-
trol. Drug treatment with LOS+MET significantly
(P<0.05) decreased systolic BP at weeks 1, 4 and 8 when
compared with the HD control. Whereas, treatments
with LOS+ GLB and LOS +MET + GLB showed signifi-
cant (P<0.05) decrease in systolic BP across week 1 to
week 8 when compared with the HD control.

Effects of losartan, metformin and glibenclamide

on diastolic blood pressure (mnmHg) of DOCA + STZ
hypertensive diabetic rats

Table 5 shows the effects of LOS, MET and GLB on dias-
tolic blood pressure of DOCA+ STZ-induced hyper-
tensive diabetic rats. There was a significant (P<0.05)
increase in diastolic BP of the HD control at weeks 1,
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2, and 4 only when compared with the normal control.
Drug treatments with LOS+MET and LOS-+GLB
showed significant (P<0.05) decrease in diastolic BP only
at week 4, while LOS+MET 4 GLB treatment signifi-
cantly (P<0.05) decrease in diastolic BP only at weeks 2
and 4 when compared with the HD control.

Effects of losartan, metformin and glibenclamide on mean
arterial pressure (mnmHg) of DOCA + STZ hypertensive
diabetic rats

Table 6 shows the effects of LOS, MET and GLB on
mean arterial pressure of DOCA + STZ-induced hyper-
tensive diabetic rats. There was significant (P<0.05)
increase in mean arterial pressure of the HD control
across week 1 to week 4 when compared with the nor-
mal control. Drug treatments with LOS 4+ MET showed
significant (P<0.05) decrease in mean arterial pressure

Table 3 Effects of losartan, metformin and glibenclamide on weekly fasting blood sugar level of DOCA + STZ hypertensive diabetic

rats

Treatment Post-induction (mg/dL) Week 1 Week 2 Week 3 Week 4 Week 8
Normal Control 84404 2.69 76.00+1.26 78.60+0.40 75204166 75604157 7760326
HD Control 354.6042.09 3580041239 357404336 340204895 333604895 301.804+845
HD + LOS + MET 361.204+7.84 322204685 2914041376 245204647  23480+383" 205004844
HD+LOS+ GLB 329.60+6.73 294204492 246804+850%  2028043.14™ 189404851 183604936
HD+LOS+MET+GLB 382004351 3234041006"  27680+1059%  213.004300%  160404+9.04% 150404821

All values are expressed as mean + SEM (n=5). *P < 0.05 when compared with normal control; *P <0.05 when compared with hypertensive diabetic control;
2P <0.05 when compared with LOS + MET treatment. (HD Control Hypertensive Diabetic Control, HD Hypertensive Diabetic Rats, LOS Losartan, MET Metformin, GLB

Glibenclamide

Table 4 Effects of losartan, metformin and glibenclamide on systolic blood pressure of DOCA 4 STZ hypertensive diabetic rats

Treatment Initial (mmHg) Week 1 Week 2 Week 3 Week 4 Week 8
Normal Control 89.67+£0.33 8867+£2.73 89.33+3.84 96.33+7.33 97334285 100334273
HD Control 90.33+3.18 127.67 £145 134334088 147674433 147.67 £5.04" 146.67 +3.48
HD + LOS + MET 933340233 11833+1.76" 12667 +£353" 130674033 12067 £6.39* 11567 £491%
HD+LOS+ GLB 96.3340.33 11867 +£0.33"* 12167+£120™ 128334203 11933+ 6.36" 121.67+£2.03™
HD +LOS+MET+GLB 950048.14 11667+1.76" 11833+£233" 123.33+0.88" 111.33+£593* 112.00+493*

All values are expressed as mean + SEM (n=5). *P < 0.05 when compared with normal control; *P <0.05 when compared with hypertensive diabetic control. (HD
Control Hypertensive Diabetic Control, HD Hypertensive Diabetic Rats, LOS Losartan, MET Metformin, GLB Glibenclamide)

Table 5 Effects of losartan, metformin and glibenclamide on diastolic blood pressure of DOCA + STZ hypertensive diabetic rats

Treatment Initial (mmHg) Week 1 Week 2 Week 3 Week 4 Week 8

Normal Control 66.00£0.00 59.67+3.18 70.00+8.62 75.00+8.50 70.67 £4.33 80.00+7.37
HD Control 64.00£1.00 85334371 94334067 100.00+1.00 106.00£4.51" 80.33£291
HD + LOS +MET 77674376 79.33+7.69 85.00£1.53 8767+£11.78 66.0041.15% 88.00+6.25
HD+LOS+GLB 7933+3.71 74334633 76331067 69.67£3.18 68.0047.02" 79.00+0.00
HD+LOS+MET+GLB 78.67+8.67 7533+533 7267 +371* 7733+733 66.67 +6.67 90.33+233

All values are expressed as mean + SEM (n=5). *P < 0.05 when compared with normal control; *P <0.05 when compared with hypertensive diabetic control. (HD
Control Hypertensive Diabetic Control, HD Hypertensive Diabetic Rats, LOS Losartan, MET Metformin, GLB Glibenclamide)
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Table 6 Effects of losartan, metformin and glibenclamide on mean arterial pressure (mmHg) of DOCA 4 STZ hypertensive diabetic

rats

Treatment Initial Week 1 Week 2 Week 3 Week 4 Week 8
Normal Control 74.0040.00 69.0043.00 76.0047.02 82.0048.00 79334328 86.334+5.81
HD Control 72334267 99.33+067" 107334371 115.00+£2.89" 123.00+6.25 102334133
HD + LOS + MET 81.67+£833 89.67 £89.67 99.00+2.08 101334067 84.33£2.85" 97.00£3.21
HD+LOS+GLB 83.33+£333 89334033 91.67+167 89.00+4.00* 8533+£291* 93.00+£0.58
HD+LOS+ MET+GLB 84.67 £2.67 89.0044.00" 88.0043.00" 93674133" 8267 +267" 94004513

All values are expressed as mean + SEM (n=5). *P < 0.05 when compared with normal control; *P <0.05 when compared with hypertensive diabetic control. (HD
Control Hypertensive Diabetic Control, HD Hypertensive Diabetic Rats, LOS Losartan, MET Metformin, GLB Glibenclamide)

at week 4 only, LOS+ GLB at weeks 3 and 4 only while
LOS + MET + GLB showed significant (P<0.05) decrease
in mean arterial pressure at weeks 2, 3, and 4 only when
compared with the HD control.

Effects of losartan, metformin and glibenclamide on heart
rate (bpm) of DOCA + STZ hypertensive diabetic rats

Table 7 shows the effects of LOS, MET and GLB on heart
rate of DOCA + STZ hypertensive-induced diabetic rats.
There was a non-significant (P>0.05) change in heart
rate of the HD control across week 1 to week 8 when
compared with the normal control. Drug treatments with
LOS+ MET, LOS+ GLB and LOS+ MET + GLB showed
non-significant (P>0.05) change in heart rate across
week 1 to week 8 when compared with the HD control.

Effects of losartan, metformin and glibenclamide

on cardiac injury markers and lipid profile of DOCA + STZ
hypertensive diabetic rats

The effects of LOS, MET and GLB on cardiac injury
markers of DOCA 4 STZ-induced hypertensive diabetic
rats is shown in Fig. 1. There was significant (P<0.05)
increase in LDH level of the HD control group when
compared with the normal control. Drug treatments with
LOS+ MET, LOS+ GLB and LOS + MET + GLB showed
significant (P<0.05) decrease in LDH when compared
with the HD control. CK level was significantly (P<0.05)
increased in the HD control group when compared

with the normal control. Treatments with LOS+ MET,
LOS+GLB and LOS+MET+GLB had significant
(P<0.05) decrease in CK when compared with the HD
control.

Figure 2 shows the effects of LOS, MET and GLB on
lipid profile of DOCA 4 STZ-induced hypertensive dia-
betic rats. There was significant (P<0.05) decrease in
HDL level of the HD control group when compared with
the normal control. Drug treatments with LOS+ MET,
LOS+GLB and LOS+MET+GLB increased HDL,
however, only LOS+MET+GLB treatment showed
significant (P<0.05) increase in HDL when com-
pared with the HD control. LDL level was significantly
(P<0.05) increased in the HD control group when
compared with the normal control. Treatments with
LOS+MET, LOS+GLB and LOS+MET+GLB sig-
nificantly (P<0.05) decreased LDL when compared with
the HD control. There was significant (P<0.05) increase
in total cholesterol level of the HD control group when
compared with the normal control. Drug treatments
with LOS+MET, LOS+GLB and LOS+ MET + GLB
showed significant (P<0.05) decrease in total choles-
terol when compared with the HD control. Triglycer-
ide level was also significantly (P<0.05) increased in
the HD control group when compared with the normal
control. Treatments with LOS+MET, LOS+ GLB and
LOS + MET + GLB non-significantly (P>0.05) decreased
triglyceride when compared with the HD control.

Table 7 Effects of losartan, metformin and glibenclamide on heart rate (bpm) of DOCA + STZ hypertensive diabetic rats

Treatment Initial Week 1 Week 2 Week 3 Week 4 Week 8
Normal Control 355.33+£1848 330.00412.00 342.004+12.17 34267 +5.78 338.00£6.51 318674837
HD Control 351.33£10.65 367.00£10.07 374.00£7.00 374.67+£4.10 380.004+4.10° 381.674+12.02"
HD+LOS+ MET 396.00+6.66 34567 +14.67 327.00424.79 32433+6.67 314334167 31567 £6.84"
HD 4 LOS + GLB 382.00£13.80 371.334£9.33 371.00£2.00 353.00£41.00 321674+1235* 32267 +0.88"
HD 4 LOS + MET +GLB 399.0049.45 34033+17.57 354334+12.78 32433+6.67 31267 +167" 324.00+4.93"

All values are expressed as mean + SEM (n=5). *P < 0.05 when compared with normal control; *P <0.05 when compared with hypertensive diabetic control. (HD
Control Hypertensive Diabetic Control, HD Hypertensive Diabetic Rats, LOS Losartan, MET Metformin, GLB Glibenclamide)
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Fig. 1 Effects of losartan, metformin and glibenclamide on
lactate dehydrogenase (a) and creatine kinase (b) of DOCA+STZ
hypertensive diabetic rats. Bars represent the mean 4 SEM
(n=5).*P<0.05 when compared with normal control; *P <0.05
when compared with hypertensive diabetic control. (HD Control
Hypertensive Diabetic Control, HD Hypertensive Diabetic Rats, LOS
Losartan, MET Metformin, GLB Glibenclamide)

Effects of losartan, metformin and glibenclamide

on histology of pancreas and cardiac tissue of DOCA + STZ
hypertensive diabetic rats

The effects of LOS, MET and GLB on the histology of the
pancreas of DOCA + STZ-induced hypertensive diabetic
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rats is shown in Fig. 3. Group 1 (normal control) shows
no observable lesion of Islet cells; group 2 (HD control)
shows severe necrosis and inflammation (black arrow) of
the Islet cells; group 3 (HD+LOS+ MET) shows necro-
sis and inflammation of Islet cells (red arrow); group
4 (HD+LOS+ GLB) shows moderate atrophy of aci-
nar and Islet cells; group 5 (HD+LOS-+ MET + GLB)
shows no observable lesion of Islet cells. While on the
histology of the heart of DOCA+STZ hypertensive
diabetic rats (Fig. 4.), there was no observable lesion of
myocardial cells with the normal control group; moder-
ate atrophy and degeneration of myofibres (black arrow)
with the HD control animals, moderate hypertrophy of
myofibres (black arrows) in HD+LOS+MET group,
and no observable lesion of myocardial cells in both
HD +LOS+ GLB and HD +LOS+ MET + GLB groups.

Discussion

The finding from this study showed that treatments with
LOS+ MET, LOS +GLB and LOS+ MET + GLB signifi-
cantly reduced DOCA/STZ-induced increased in body
weight. Moreover, DOCA/STZ increased heart rate,
systolic blood pressure as well as elevated blood sugar
level when compared with controls. However, these
changes were normalized by LOS+MET, LOS+ GLB
and LOS+MET + GLB treatments, respectively. Addi-
tionally, treatments with LOS+MET, LOS+GLB and
LOS+MET+GLB significantly attenuated DOCA/
STZ-induced increased LDH and CK concentrations.
We also found that DOCA/STZ exposure caused a
significant increase in LDL and total cholesterol lev-
els, which were reduced by LOS+MET, LOS+GLB
and LOS+MET+GLB relative to controls. How-
ever, treatments with LOS+MET, LOS+GLB and
LOS+MET+GLB failed to mitigate DOCA/STZ-
induced increased triglyceride levels in the rats rela-
tive to DOCA/STZ control. Excitingly, we also found
that LOS+ MET + GLB protected against DOCA/STZ-
induced degeneration of the pancreatic beta cells and
myocardial cells of the heart in comparison with DOCA/
STZ groups respectively.

The DOCA-salt-induced hypertension is a transla-
tional neurogenic hypertensive model characterized of
human cardiovascular remodeling due to impairment of
renin-angiotensin pathway and hypervolemia, in which
the kidney reabsorbs excessive sodium and water due to
deranged renal sodium handling capacity [25]. It raises
blood pressure through oxidative stress and impairment
of renal function by increasing mineralocorticoid with
subsequent increase in nicotinamide adenine dinucleo-
tide phosphate (NADPH) oxidase activity and superox-
ide production [37, 38]. DOCA increases aldosterone to
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Fig. 2 Effects of losartan, metformin and glibenclamide on lipid profile of DOCA 4 STZ hypertensive diabetic rats. Bars represent the mean & SEM
(n=5). *P <0.05 when compared with normal control; *P <0.05 when compared with hypertensive diabetic control. (HD Control Hypertensive
Diabetic Control, HD Hypertensive Diabetic Rats, LOS Losartan, MET Metformin, GLB Glibenclamide)

Fig. 3 Effects of losartan, metformin and glibenclamide on the histology of the pancreas of DOCA+STZhypertensive diabetic rats

increase reabsorption of sodium ions and water from the DOCA/STZ significantly decrease body weight of
epithelial cells in the distal nephron of the kidney to raise ~ HD control rats by 38.8% which is an indication that
blood pressure [39]. it interferes with the normal body growth of rats.

Drug treatments significantly inhibited the reduction
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Fig. 4 Effects of losartan, metformin and glibenclamide on the histology of the heart of DOCA+STZ hypertensive diabetic rats

of body weight by 9.5% in LOS+GLB and 14.8% in
LOS+ MET + GLB but not in LOS + MET. Combinations
with GLB had increase in body weight. This revealed that
GLB, like every other sulfonylurea antidiabetic agent, is
associated with weight gain [40].

Streptozotocin is a well-known diabetogenic agent [41].
Untreated hyperglycemia has been reported to induce
numerous severe life-threatening complications that
include injury to the eye, kidneys, nerves, heart, as well
destruction of peripheral vascular system [21-23]. Thus,
simultaneous treatment of hypertension and diabetes is
intended to primarily attenuate the risk of macrovascu-
lar complications and mortality [32-34]. Moreover, a
meta-analysis of 42 clinical trials, suggest that reducing
SBP to between 120-124 mmHg with commonly used
antihypertensive medications may result in a significant
decline in the risk of cardiovascular disease and mortality
[35]. In this study, we found that FBS level of HD con-
trol rats were significantly increased by DOCA/STZ to
cause diabetes. All drug treatment combinations signifi-
cantly reduced the FBS level at 2 h following single dose
administration and for the 8 weeks period. These data

revealed that the various drug treatment combinations
possess effective antidiabetic effect on hypertensive dia-
betic conditions.

According to the American Diabetes Association
(ADA) Standards of Medical Care in Diabetes 2019
update, sulfonylureas such as glyburide (glibenclamide)
are considered one of the six options for adjunct therapy
with MET, the first-line anti-diabetic medication [42, 43].
While MET has an onset of action of about 1.5 h, GLB
possesses a rapid onset of 15-60 min [42]. Thus, combi-
nation treatment with metformin and sulfonylurea have
been adjudged as an effective approach than when these
drugs are applied singly to improving glycemic control in
type 2 diabetes. Notably, Alotaibi and colleagues reported
the therapeutic effectiveness of combining GLB with
LOS in diabetic states [44]. The efficacy of the combina-
tion of antidiabetic agents have also been reported [45—
48]. A separate study revealed the hypoglycemic activity
of a combination of glimepiride (a sulfonyurea) and MET
was enhanced when LOS was co-administered as a single
dosage schedule as well as a multiple dose schedule [49].

Blood pressure parameters (SBP, DBP, MAP and HR)
were significantly increased in DOCA/STZ rats which
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was possibly due to hypercholesteremia and oxida-
tive stress-derived vasoconstriction in the animals. In
this study, we observed that weekly administration of
these drugs led to a dramatic reduction in SBP and HR,
although there were no significance changes in DBP and
MAP. Of note, it is an indication that the drug combi-
nations can be used for effective management of blood
pressure in hypertensive diabetic states, particularly by
reducing systolic pressure [45].

As regards the estimation of biomarkers cardiac injury,
serum levels of LDH and CK were used as previous
described [50]. Accordingly, we also found that DOCA/
STZ-induced comorbid hypertensive diabetic states
were accompanied by significantly elevated serum lev-
els of LDH and CK, which possibly suggest evidence of
cardiac tissue damage [45, 50]. However, LOS+ MET,
LOS+GLB and LOS+MET + GLB produced a signifi-
cant reduction in LDH level. Additionally, LOS+MET
and LOS+MET+GLB, but not LOS+GLB mark-
edly attenuated DOCA/STZ-induced elevated level
of CK, which suggests that metformin combinations
(LOS+MET and LOS+ MET + GLB) produced a more
protective effect against tissue injury.

Previous investigations have shown that dyslipidemia
increases the risk of development of coronary artery dis-
ease and progression of atherosclerotic lesions [51, 52].
DOCA/STZ-induced hypertensive diabetes also precipi-
tated hyperlipidemia evidenced by increased serum levels
of total cholesterol, triglyceride, and LDL with reduced
HDL level, a pathological mechanism we believed could
in part, be responsible for the vascular rigidity dam-
age that promoted hypertensive state. Interestingly, we
found that combinational treatment with these drugs
significantly reduced raised LDL caused by DOCA/
STZ exposure. Herein, treatments with LOS+MET
and LOS+MET+GLB were found to decrease the
total cholesterol significantly, while no significant effect
was seen on triglyceride levels. However, the HDL cho-
lesterol level was solely improved significantly with all
three combination (LOS+ MET + GLB), suggesting that
LOS+ MET + GLB possesses a much more positive car-
diovascular protective effects on hypertensive diabetic
rats based on the hypolipidemic activity.

Histopathological results showed that hypertensive dia-
betic state induced by DOCA/STZ profoundly generated
tissue damage in the pancreas and heart. This is depicted
by the severe necrosis and inflammation of the Islet cells
of the pancreas, and hypertrophy of myocardial cells with
interstitial macrophage infiltration, evidenced by elevated
levels of FBS and HBP parameters respectively. However,
several studies have hypothesized that the clinical effects
of antidiabetic and antihypertensive agents are based on
their ability to repair or prevention damage to Islet cells
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of the pancreas and hypertrophy of myocardial cells. In
this study, the combinational approach therapy with
LOS+MET+GLB significantly reduced the DOCA/
STZ-induced damages to the pancreas and heart tissues,
suggesting pancreatic and myocadiac protective proper-
ties. However, marked attenuating effect on tissue dam-
age was evident in LOS combination with both MET and
GLB (LOS+MET + GLB) than when the antidiabetics
are used singly with LOS.

Conclusions

The findings from this study suggest that the combination
of losartan, metformin and glibenclamide mitigate DOCA/
STZ-induced comorbid states involving hypertension and
diabetes via mechanisms associated with decreased fasting
blood glucose level, systolic blood pressure and reduced
markers of cardiac injury with corresponding decrease
in body weight. The study recommends that for effective
management of diabetes and hypertension comorbidity,
both metformin and glibenclamide in combination with
losartan may be a superior approach to prevent complica-
tions associated with this comorbidity.

Methods

Experimental animals

Healthy adult male Wistar rats aged 12-15 weeks and
weighing between 220 and 280 g were randomly selected
for the study. Animals were obtained from the Animal
Facility of the Department of Pharmacology, Ambrose
Alli University, Ekpoma, Edo State, Nigeria. The animals
were acclimatized for 14 days prior to the study, and were
fed with standard animal pellets (Chikun Feed® Grower
Pellet, Nigeria) and clean water ad libitum. Guidelines fol-
lowed in the handling of animals were in accordance with
the ethical standards of the ‘National Institute of Health
Guide for the Care and Use of Laboratory Animals’ as
adopted by the ethical committee of the Faculty of Phar-
macy, University of Benin, Benin City, Nigeria. Ethical
approval was obtained prior to the commencement of the
experiment (Ethical number — EC/FP/018/01).

Drugs and chemicals

Streptozotocin (STZ) (sc-200719; Santa Cruz Biotech-
nology, Dallas, TX, USA), deoxycorticosterone acetate
(DOCA) (sc-239659; Santa Cruz Biotechnology), losar-
tan potassium (sc-204796A; Santa Cruz Biotechnology),
metformin (sc-202000B; Santa Cruz Biotechnology),
glibenclamide (sc-200982A; Santa Cruz Biotechnology)
and sodium chloride (NaCl) (LOBA Chemie PVT Ltd,
India) were used in this study.
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Induction of diabetes and hypertension

Type 2 diabetes was induced with a combination of high-
fat diet and a single intraperitoneal injection of strepto-
zotocin (STZ; 45 mg/kg) in sterile citrate buffer (0.1 M,
pH 4.5) to fasted male Wistar rats [53]. It is paramount
to induce type 2 diabetes mellitus as the mechanisms of
hypoglycaemic action of metformin and glibenclamide
involves available beta cells [54]. Diabetic state of the
rats was checked after 72 h by means of a glucometer
(ACCU-CHEK® Active) and compatible blood glucose
test strips, and animals with hyperglycaemia of fasting
blood glucose level of>200 mg/dl were selected for the
study [55, 56].

The DOCA salt induced hypertension model was used
to mimic secondary form of hypertension. Method of
uninephrectomy (UNX) was done according to Hemala-
tha et al., [57]. Briefly, rats kidney were visualized by a left
lateral abdominal incision (1 cm long) while the left renal
artery and ureter were tied by a silk thread, and DOCA-
salt (25 mg/kg) was administered a week after for 8 weeks
[58].

Experimental design
Group 1: Normal + distilled water (10 ml/kg) (Normal
control)

Group 2: DOCA + STZ + distilled water (10 ml/kg)
(HD control)

Group 3: DOCA + STZ + LOS 4+ MET

Group 4: DOCA + STZ 4 LOS + GLB

Group 5: DOCA + STZ + LOS + MET + GLB

[HD Hypertensive diabetic; LOS Losartan (50 mg/kg);
MET Metformin (500 mg/kg); GLB glibenclamide (5 mg/
kg)]

Drugs were administered orally daily for a period of
eight (8) weeks with a weekly measurement of fasting
blood sugar (FBS) and blood pressure (BP).

Measurement of body weight

Body weight of animals were measured weekly in grams
to estimate the effect of the induced diabetes and hyper-
tension on body composition. The weight was measured
using a digital electronic weighing balance.

Measurement of fasting blood sugar level

Fasting blood sugar (FBS) level was measured using a glu-
cometer (ACCU-CHEK® Active) with compatible blood
glucose test strips. FBS level at 2nd, 4th and 6th hours
following single drug administration was measured.
Afterwards, weekly measurements of FBS for 8 weeks
were taken.
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Measurement of blood pressure

Blood pressure measurements (systolic blood pressure—
SBP, diastolic blood pressure—DBP, mean arterial pres-
sure—MAP and heart rate—HR) were recorded in the
conscious rats weekly during daylight (between 8 am and
12 noon) by the same investigator, using a tail-cuff ple-
thysmography (MRBP system, IITC Life Science, Wood-
land Hills, CA, USA), a computerized non-invasive blood
pressure system which measures rat’s tail blood pressure
by means of volume pressure. The rat was positioned in
the animal holder (restrainer) with necessary adjust-
ments made to ensure a restricted animal movement,
and leaving the tail outside the holder. The restrainer
was then placed in the heating chamber and heated up
to 32°C. The basic software setup of the system was cali-
brated prior to start of measurement. The BP monitoring
sensor was placed round the tail root of rats. Following
animal movement stability, the data of SBP, DBP, MAP
and HR were recorded [45].

Measurements of cardiac injury markers and lipid profile
Serum cardiac injury markers including creatine kinase
(CK) and lactase dehydrogenase (LDH) were assessed
spectrophotometrically according to standard manu-
facturer’s procedure as seen in the assay kits (Sigma-
Aldrich, Germany). High density lipoprotein (HDL)
and triglyceride (TG) were evaluated using the assay kit’s
procedures (Elabscience, USA) and (Randox, England)
respectively. Serum total cholesterol was determined
using the method described by Trinder [59], while low
density lipoprotein (LDL) was calculated according to
Friedewald et al. [60].

Histology of pancreas and cardiac tissue

Tissue sections of the pancreas and the left ventricle of
the heart from all the groups were processed for histo-
logical examination according to procedures described
by Kieman [61].

Statistical analysis

All data obtained were expressed as Mean=+SEM
(standard error of mean), and analyzed by one-way
analysis of variance (ANOVA) followed by Tukey’s post
hoc test. Analysis was done using GraphPad Prism
version 7.0 (GraphPad Software, San Diego, CA).
P-values < 0.05 were taken as significant. Data were pre-
sented in tables and graphs.

Abbreviations

ACE Angiotensin-converting enzyme

ACEI Angiotensin-converting enzyme inhibitor
ADA American Diabetes Association

ANOVA One-way analysis of variance

ARB Angiotensin Il receptor blocker
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DM Diabetes mellitus

DOCA Deoxycorticosterone acetate
FBS Fasting blood sugar

GLB Glibenclamide

HD Hypertensive diabetic

HDL Low-density lipoprotein

HR Heart rate

INC Joint National Committee
LDH Lactate dehydrogenase

LDL High-density lipoprotein
LOS Losartan

MAP Mean arterial pressure

MET Metformin

NADPH Nicotinamide adenine dinucleotide phosphate
SBP Systolic blood pressure

SEM Standard error of mean

STZ Streptozotocin

UNX Uninephrectomized

WHO World Health Organization
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