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Abstract: Background: 4-Hydroxyisoleucine (4-OH-lle) represents a new treatment of diabetes, dyslipidemia and
subsequent complications. Amlodipine (AML) is an antihypertensive with many dose-related side effects. Objective:
This study aimed to evaluate the effects of 4-OH-Ile and small dose amlodipine (s-AML) against DOCA-induced
hypertension in rats, with comparison with high h-AML and the possible mechanisms. Methods: 48 adult male albino
rats were divided into 6 groups (n = 8): control group: received vehicles: 0.3 mL olive oil/week subcutaneously and
distilled water 1 ml/kg/day orally for 4 weeks (4w), DOCA group: received DOCA 50 mg/kg/week in vehicle
subcutaneously and 1% NaCl drink for 4w, 4-OH-1le/DOCA group: received 4-OH-lle 50 mg/kg/day orally and
DOCA/saline as above, s-AML/DOCA group: received s-AML 2 mg/kg/day orally and DOCA/saline for 4w, h-
AML/DOCA group: received h-AML 10 mg/kg/day orally and DOCA/saline, s-AML/4-OH-1le/DOCA group:
received s-AML, 4-OH-lle and DOCA/saline for 4w. After 4-weeks, the parameters of blood pressures, lipids and
oxidant/antioxidant status were estimated. Results: 4-OH-lle/s-AML prevented DOCA-induced changes: it decreased
SABP, DABP, serum CK-MB, LDH, cholesterol, triglycerides and LDL and cardiac tissue MDA, and increased
cardiac TAC and serum HDL. These results had insignificant differences when compared to control and h-
AML/DOCA rats. Conclusion: 4-OH-lle/s-AML is an effective antihypertensive combination in rats, due to its ability
to scavenge oxidants and improve cardiac function.
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1. Introduction only a result of elevated blood pressure, but also it can
Essential hypertension is a major health problem constitute a precipitating element for hypertension (Lee
which accounts for about 90% of cases of hypertension et al., 2009).

and is an important cause of cardiovascular morbidity Many antihypertensive drugs, as a monotherapy or
and mortality around the world. It represents a complex combination therapy, are used effectively for managing
interaction of genetic and environmental factors. hypertension. Among the antihypertensive drugs, the

However, the exact pathophysiologic mechanisms of calcium channel blockers (CCBs) are a very useful
developing essential hypertension are still unknown option for treating hypertension and minimizing its
(Gonzélez et al., 2014; Siebenhofer et al., 2016). cardiac complications. They act through vasodilatation
Sharma (2009) stated that the increased vascular resulting in a reduction of myocardial oxygen demand
resistance in hypertensive patients is compensated by (Doroszko et al., 2016). Lu et al. (2016) reported that
ventricular hypertrophy which in turn may elevate blood amlodipine (AML) is a long-acting second-generation
pressure upstream from the constricted arteriolar bed via dihydropyridine calcium channel blocker which is very

elevation of cardiac output. Endothelial dysfunction, selective for vascular tissue and has showed clear
increased arteriole wall thickness, decreased lumen therapeutic advantages in the control of arterial blood
radius and large-vessel hypertrophy are considered as pressure in hypertensive patients and treatment of
common vascular complications of hypertension angina pectoris. Besides, previous clinical trials have
(Silvestre and Lévy, 2000). Indeed, Orlov et al. (1999) suggested that AML reduces cardiovascular events in
mentioned that hypertension is considered as a vascular different patient populations (Kishi and Sunagawa,

proliferative disorder. Hyperplasia is considered not 2012). On the other hand, Munoz et al. (2008) showed
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that AML as any chemical drugs, has many side effects
specially with long duration usage; some of them are
ccommon and dose-related e.g. peripheral edema,
dizziness, palpitations and flushing. Others side effects
are common but not dose-related e.g. fatigue, nausea,
abdominal pain and somnolence. Others are rare e.g.
blood disorders, impotence, depression, insomnia,
tachycardia, gingival enlargement, hepatitis and
jaundice.

Currently, herbal products are taking valuable
acceptance from both public and medical eras due to
introduction of new advances aiding in understanding
their mechanisms of action by which they can positively
influence health (Nivethetha et al., 2009). Again this
issue recently becomes of a great need to avoid or
minimize many side effects of the antihypertensive
drugs by decreasing their doses (Thippeswamy et al.,
2009). Fenugreek (Trigonella foenum graecum) is a
plant traditionally used to treat many diseases especially
diabetes. Fenugreek seeds extraction is returned to focus
through its novel amino acid 4-hydroxyisoleucine (4-
OH-lle) which is not present in mammalian tissues
(Broca et al., 2004; Kalshetti et al. 2015). Likewise,
Jetté et al. (2009) have reported that 4-OH-lle
decreased elevated plasma triglyceride and total
cholesterol levels and may represent an attractive new
candidate for the treatment of dyslipidemia and all
subsequent complications via its antioxidant effects.

Hence, we hypothesized that if 4-OH-lle will be
used in combination with small dose AML (s-AML),
this new combination could give an antihypertensive
effect comparable to that of the therapeutic high dose
AML (h-AML) with avoidance of its side effects
specially the dose-related ones. To address this
hypothesis, the present study was aimed to evaluate the
effects of the new combination of 4-OH-lle and s-AML
against hypertension induced by deoxycorticosterone
acetate (DOCA) in rats, compare its effects with those
of therapeutic h-AML and to explore the possible
mechanisms involved.

2. Materials and Methods

Drugs and chemicals: DOCA (catalog number
D7000, MW: 372.504 g/mol, CAS Number 56-47-3)
was administered subcutaneously (SC) in olive oil. 4-
OH-lle (catalog number 50118, from fenugreek seed,
>98.0% (TLC), MW: 147.17 g/mol, CAS Number
55399-93-4). AML was provided by Pfizer laboratories
Div Pfizer Inc. Other chemicals were purchased from
Sigma-Aldrich Chemical Co, USA. 4-OH-lle and AML
were administered orally in distilled water by gastric
gavage (with an intragastric tube: a Portex 4FG cannula,
Portex Ltd., Hythe, UK).

Animals: Forty-eight adult male Sprague-Dawley
rats, weighing 200-250 grams, were obtained from the
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experimental animal center of the Faculty of Medicine,
Zagazig University, Egypt. The experiment was carried
out in the clinical pharmacology lab of the Faculty of
Medicine, Menoufeya University, Egypt. The rats were
housed in fully-ventilated cages, in a temperature-
controlled environment at 22 + 2°C with a 12/12 hour
light/dark cycle. All rats had free access to feed the
standard laboratory chow (commercial standard pellets
for rodents, purchased from local source in Egypt), and
water for the control group rats and 1% saline for the
other groups rats throughout the 4-weeks experimental
period. All experiments were performed according to
the guidelines for animal ethics and the Canadian
Council on Animal Care (CCAC) guidelines.

The experimental design and animal groups: The
rats were divided into 6 groups (n = 8 rats per group):

1. Control group: The rats received the vehicles:
olive oil 0.3 ml/week SC and distilled water 1 ml/kg
body weight/day orally for the 4-weeks experimental
period. These rats had free access to water throughout
the study. They did not receive DOCA or 1% NacCl.

2. DOCA-treated group: The rats were made
hypertensive by DOCA 50 mg/kg/week SC in 0.3 ml
olive oil for the 4-weeks experimental period. The rats
had free access for drinking of 1% NaCl throughout the
study. After 4 weeks, these rats showed increases in the
SABP and DABP (Magro et al., 1986; Haefliger et al.,
1997).

3. 4-OH-lle/DOCA-treated group: The rats
received 4-OH-lle 50 mg/kg/day orally (Broca et al.,
2004) and DOCA and 1% NaCl as mentioned above for
the 4-weeks period.

4. s-AML/DOCA-treated group: The rats
received s-AML 2 mg/kg/day orally (Kishi and
Sunagawa, 2012; Hasegawa et al., 2016) and DOCA
and 1% NaCl as mentioned above for the 4-weeks
period. The dose of amlodipine selected was based on a
previous study in which it was observed that this dose
caused a decrease in arterial blood pressure in rats
(Hasegawa et al., 2016).

5. h-AML/DOCA-treated group: The rats
received therapeutic h-AML 10 mg/kg/day orally
(Puzyrenko et al., 2013) and DOCA and 1% NaCl as
mentioned above for the 4 weeks.

6. s-AML/4-OH-1le/DOCA-treated group: The
rats received s-AML, 4-OH-lle, DOCA and 1% NaCl as
mentioned above for the 4-weeks experimental period.

The experimental procedures: At the end of the 4-
weeks experimental period, we assessed the following
parameters which could explain mechanistically the
detectable beneficial effects of 4-OH-lle and s-AML
combination and therapeutic h-AML on the DOCA-
induced hypertension in rats. Therefore, the rats had
undergone the following procedures:
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1. Measurement of the systolic and diastolic
arterial blood pressures (SABP and DABP): These
blood pressures were measured by a tail-cuff and a
CODA monitor, a noninvasive blood pressure
measurement system (Kent Scientific Apparatus,
Torrington, CT, USA) which by its volume pressure
sensor can measures both systolic blood pressure and
diastolic blood pressure by 99 % accuracy as the direct
invasive method (Lv et al., 2013). The conscious rats
were pre-warmed for 10 min in a thermostatically-
controlled restrainer and were tested once at the 1% and
28" days of treatments (the first and last days of the 4-
weeks experimental period). Animals were trained to
this procedure for 3 consecutive days (each cession
consisting of 10 unrecorded measurements), before
actual testing began, to familiarize the animal with rat
tail cuff (Makaritsis et at., 1998). All rats were
acclimated to the procedure for 15-30 minutes prior to
measurement to minimize stress-induced variations in
blood pressure. The mean of 3 separate pressure
readings on 3 occasions was recorded. When the rat's
SABP was maintained above 144 mmHg or DABP
above 91 mmHg or both, the rats were considered
hypertensive (Magro et al., 1986; Haefliger et al.,
1997; Mason et al., 2014).

2. Collection of blood samples and separation of
serum: After finishing the experiment, each rat was
fasted overnight and held in a glass chamber to be
anesthetized with diethyl ether. The blood sample was
obtained, 24 hours after the last drugs administration, by
heparinized microcapillary tubes from the retro-orbital
plexus of rats after a 12-h overnight fast. Then, the blood
sample (1-2 ml) was collected in a vacutainer plain tube
without anticoagulant, and allowed to stand for 30 min
at room temperature until blood clotted, and then
centrifuged at 3000 g for 10 min for separation of serum.
The serum was stored at —20°C till analyzed as
described below (Stone 1954; Ihedioha et al., 2013).

3. Tissue sampling: After collection of the blood
samples, all rats were sacrificed. Each heart was
removed immediately, weighed and rapidly washed with
ice-cold saline (0.9%) and then placed in ice-cold
isotonic potassium chloride solution (1.15% KCI wi/v)
containing 0.1 mM EDTA. The left ventricle was then
chopped in 4-5 volumes of 50 mM phosphate buffer (pH
7.4) and homogenized by a tissue homogenizer fitted
with a Teflon pestle. The homogenate was then
centrifuged at 3000 g for 10 min, the lipid layer was
carefully removed and the resulting supernatant fraction
was further centrifuged at 15,000 g for 60 min at 4°C.
The supernatant was stored at —80°C until used
(Haidari et al., 2013) for measuring the followings:

i. The ventricle tissue total antioxidant capacity
(t. TAC): It was measured in ‘nmol/mg protein’
using the commercially available kits (Randox
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labs, Grumlin, UK). The assay principle was
based on the ability of antioxidants to quench the
absorbance of the radical cation that is formed by
the reaction of a chromogen with the peroxide
and HO; (Miller et al., 1993).

ii. The ventricle tissue malondialdehyde
(tMDA): It was measured, as the lipid
peroxidation end-product, in ‘nmol/mg protein’
using MDA ELISA kit; ab118970, Abcam (Yeh
et al., 2013). The assay principle was based on
the MDA reaction with thiobarbituric acid
(TBA), forming a MDA-TBA2 adduct that
absorbs strongly at 532 nm.

4. Biochemical assays:

i. Estimations of

lipoproteins:

A. Total cholesterol (TC) was estimated using kits
from Boehringer Mannheim’s based on
CHOD-PAP method.

B. Triglycerides (TGs) was assayed using kit from
Human’s which is based on enzymatic
colorimetric method with lipid clearing factor.
High density lipoprotein-cholesterol (HDL-c)
was determined using Menagent HDL-c
reagent which allows the determination of
HDL-c fraction after precipitation of LDL and
very low density lipoprotein fractions with
phosphotungstic acid and magnesium chloride
(Rao et al., 1986). The estimation was carried
out on a fully-automated analyzer (Hitachi,
Japan).

D. Low density lipoprotein-cholesterol (LDL-c)
level was calculated according to the following
formula (Friedewald et al., 1972): LDL-c =
TC — (HDL-c) — TGs/5

ii. Estimations of the serum levels of lactate
dehydrogenase (LDH) and creatine kinase
isoenzyme MB (CK-MB): The serum levels of
these enzymes, used as cardiac injury markers,
indicate the state of cardiac muscle and used to
evaluate the effects of the blood pressure and
drugs on the heart muscle. They were estimated
using the commercial kits of Bechman by

Bechman Coulter LX-2000 (Brea, CA, USA) by

kinetic determination (Bilginoglu et al., 2014).

the serum lipids and

Statistical analysis: The collected data were
presented as means + standard deviation of the mean
(mean + SD) for all groups. The results were statistically
analyzed using Statistical Package for the Social
Sciences (SPSS) software (version 16) (IBM Corp.,
Armonk, NY, USA). The one-way analysis of variance
(one-way ANOVA) followed by the Post Hoc, Fisher’s
least significant difference (LSD) test were applied for
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comparisons of means. In every case, significance
difference was accepted at the probability P < 0.05.

3. Results

Table 1. Effects of DOCA, 4-OH-lle, s-AML, h-AML and s-AML/4-OH-lle treatments on the SABP and DABP
and the ventricular tissue t. TAC and t. MDA levels and the serum CK-MB, LDH, TC, TGs, HDL-c and LDL-c
levels in the different rats groups.

Group oo BOCA. 4-OH-1le s-AML h-AML | s-AML/4-OH-
rou treated arou /DOCA-treated |/DOCA-treated | /DOCA-treated lle/DOCA-
Paramet group group group group group treated group
SABP | 10863+ | 157.75+ 155.63 + 1405 + 110.38 + 111.13 +
(mmHg) | 3.68 379 # 374 # 246 #$ 467 $ 317 $
DABP 76 + 98.75 + 97.88 + 87.5+ 7813 + 78.63 +
(mmHg) | 2.94 212 # 2.89 # 246 #$ 201 $ 246 $
(ntr'nTo '?/% 058 + 0.18 + 041 + 0.35+ 054 + 0.6+
mg | 0034 0.023 # 0.023 #$ 0.028 #$ 0.057 $ 0.04 $*
protein)
(;n'\]/(') mg 9.82+ 21.87 + 159 + 151 + 9.98 + 10.05 +
ot 0.18 012 # 022 #8% 031 #8$ 04 $ 031 $
CK-MB | 333.25+ 6205 + 568.5 + 438.13 + 3475+ 347 +
(U/L) 15.28 12.37 # 108 #$ 9.76 #$ 16.4 $ 10.75 $
LDH | 43175+ | 76988+ | 670.25+11.89 | 50013 +17.83 = 448.75+ 44938 +
(U/L) 10.4 10.75 # 43 43 9.1 #% 9.34 #$
TC 7738+ 1285 + 80.63 + 12163 + 120.25 + 79.25 +
(mg/dl) 2.66 2.46 # 2.66 $ 238 #$ 218 #$ 212 §*
TGs 68.25 + 110 + 71.63+ 103.88 + 101.38 + 6.5+
(mg/dl) 2.69 32 # 2.66 $ 204 #$ 277 #$ 246 $*
HDL-c | 6025+ 34,75+ 58.38 + 39.63 + 4163+ 50.63 +
(mg/dl) 212 212 # 478 $ 17 #8$ 201 #$ 184 $*
LDL-c | 4225+ 91.25+ 4513 + 832+ 8111+ 42.38 +
(mg/dI) 4.16 212 # 201 $ 184 #$ 184 #$ 31 $*

Values are expressed as mean + SD.

#: Significant in comparison to the control group.

$: Significant in comparison to the DOCA-treated group.

*: Significant in comparison to the h-AML/DOCA-treated group.

1. Effects of 4-OH-lle, s-AML, h-AML and s- rats. Thus, these data were excluded from tables in order

AML/4-OH-lle treatments on the SABP and DABP
in DOCA-induced hypertensive rats (Table 1 and
Fig. 1): At the 1% day of treatment, just before giving
DOCA, no significant differences were found in the
initial SABP and DABP between the different groups of
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to facilitate data comparison and interpretation.

At the end of experiment, 4-weeks DOCA treatment
in the DOCA-treated rats induced significant (P < 0.001)
increases in the SABP and DABP compared to the
control rats. When compared to the DOCA-treated rats,
4-weeks 4-OH-lle treatment to 4-OH-1le/DOCA-treated
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rats produced insignificant (P > 0.05) changes in the
SABP and DABP. 4-weeks treatments with s-AML, h-
AML or s-AML/4-OH-lle to their respective/DOCA-
treated rats produced significant (P < 0.001) decreases
in the SABP and DABP compared to the DOCA-treated
rats. From other aspect, when compared to the control
group, 4-weeks treatments with h-AML or s-AML/4-
OH-lle to their respective/DOCA-treated groups
produced insignificant (P > 0.05) changes in the SABP
and DABP. Also compared to the h-AML/DOCA-
treated rats, 4-weeks s-AML/4-OH-lle treatment to its
respective/DOCA-treated rats produced insignificant (P
> 0.05) changes in the SABP and DABP. Thus, 4-OH-

lle potentiated the blood pressure-lowering effect of s-
AML when compared to either s-AML or h-AML
monotherapy.

Collectively, DOCA increased significantly the
SABP and DABP in rats. The h-AML or s-AML/4-OH-
Ile, administered concomitantly with DOCA in rats,
prevented the DOCA-induced elevations in both blood
pressures keeping them near their normal ranges. Thus,
the combination s-AML/4-OH-lle has equal efficacy to
h-AML in decreasing the blood pressure and thereby,
has fewer adverse effects than h-AML, and thereby, is
favored and superior to h-AML as antihypertensive
agent.
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Figure. 1. Effects of DOCA, 4-OH-1le/DOCA, s-AML/DOCA, h-AML/DOCA and s-AML/4-OH-1le/DOCA
treatments on the SABP and DABP in the different rats groups.

#: Significant in comparison to the control group.

$: Significant in comparison to the DOCA-treated group.

2. Effects of 4-OH-lle, s-AML, h-AML and s-
AML/4-OH-lle treatments on the ventricle tissue
TAC (t.TAC) in DOCA-induced hypertensive rats
(Table 1 and Fig. 2): At the end of experiment, when
compared to normal control, 4-weeks DOCA treatment
induced a significant (P < 0.001) decrease in t.TAC in
the DOCA-treated rats.

When compared to the DOCA-treated rats, 4-weeks
treatments with 4-OH-lle, s-AML, h-AML, and s-
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AML/4-OH-lle, in their respective/DOCA-treated
groups, produced significant (P < 0.001) increases in
t. TAC.

From other aspect, 4-weeks treatments with h-AML
and s-AML/4-OH-lle in the respective/DOCA-treated
rats produced insignificant (P > 0.05) changes in the
t. TAC when compared to the control rats. Also, when
compared to the h-AML/DOCA-treated rats, 4-weeks s-
AML/4-OH-1le treatment in the s-AML/4-OH-
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Ile/DOCA-treated rats produced a significant (P < 0.05)
increase in t. TAC.

Collectively, DOCA decreased significantly the
t.TAC in rats. Both h-AML and s-AML/4-OH-lle,
administered concomitantly with DOCA, prevented the

DOCA-induced reduction in t. TAC keeping it near its
normal range in rats. Thus, the combination s-AML/4-
OH-lle has equal or even more efficacy than h-AML in
increasing the t. TAC, and thereby, is superior to h-AML
as anti-oxidant agent.
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Figure 2. Effects of DOCA, 4-OH-1le/DOCA, s-AML/DOCA, h-AML/DOCA and s-AML/4-OH-1le/DOCA

treatments on the t. TAC in the different rats groups.
#: Significant in comparison to the control group.
$: Significant in comparison to the DOCA-treated group.

*: Significant in comparison to the h-AML/DOCA-treated group.

3. Effects of 4-OH-lle, s-AML, h-AML and s-
AML/4-OH-lle treatments on the ventricle tissue
MDA (t.MDA) in DOCA-induced hypertensive rats
(Table 1 and Fig. 3): At the end of experiment, 4-weeks
DOCA treatment in the DOCA-treated rats induced a
significant (P < 0.001) increase in t.MDA when
compared to control group.

When compared to the DOCA-treated rats, 4-weeks
treatments with 4-OH-lle, s-AML, h-AML and s-
AML/4-OH-lle in their respective/DOCA-treated rats
produced significant (P < 0.001) decreases in t. MDA.
From other aspect, when compared to the control group,
4-weeks treatments with h-AML and s-AML/4-OH-lle
in their respective/DOCA-treated groups produced
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insignificant (P > 0.05) changes in t MDA. Also, 4-
weeks s-AML/4-OH-lle treatment to its s-AML/4-OH-
Ile/DOCA-treated rats produced an insignificant (P >
0.05) change in tMDA when compared to the h-
AML/DOCA-treated rats.

Collectively, DOCA increased significantly the
t.MDA in rats. Both h-AML and s-AML/4-OH-lle,
administered concomitantly with DOCA, prevented the
DOCA-induced increases in t. MDA keeping it near its
normal range in rats. Thus, the combination s-AML/4-
OH-lle has equal efficacy to h-AML in decreasing the
t.MDA, and thereby, is favored to h-AML as inhibitor
of lipid peroxidation.
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Figure 3. Effects of DOCA, 4-OH-1le/DOCA, s-AML/DOCA, h-AML/DOCA and s-AML/4-OH-1le/DOCA
treatments on the t. MDA in in the different rats groups.

#: Significant in comparison to the control group.
$: Significant in comparison to the DOCA-treated group.

4. Effects of 4-OH-lle, s-AML, h-AML and s-
AML/4-OH-lle treatments on the serum CK-MB and
LDH in DOCA-induced hypertensive rats (Table 1
and Fig. 4): At the end of experiment, when compared
to normal control, 4-weeks DOCA treatment to the
DOCA-treated rats induced significant (P < 0.001)
increases in the serum CK-MB and LDH.

4-weeks treatments with 4-OH-lle, s-AML, h-AML
and s-AML/4-OH-lle to their respective/DOCA-treated
rats produced significant (P < 0.001) decreases in the
serum CK-MB and LDH compared to the DOCA-
treated rats. While 4-weeks treatments with h-AML, and
s-AML/4-OH-lle to their respective/DOCA-treated
groups produced insignificant (P > 0.05) changes in the
serum CK-MB and a significant (P < 0.05) increase in
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the serum LDH compared to the control group. When
compared to the h-AML/DOCA-treated rats, 4-weeks s-
AML/4-OH-lle treatment to its s-AML/4-OH-
Ile/DOCA-treated rats produced insignificant (P > 0.05)
changes in the serum LDH.

That is, DOCA increased significantly the serum CK-
MB and LDH in rats. Both h-AML and s-AML/4-OH-
Ile, administered concomitantly with DOCA, prevented
the DOCA-induced elevations in the serum CK-MB and
LDH keeping them near their normal values in rats.
Thus, the combination s-AML/4-OH-lle has equal
efficacy to h-AML in decreasing the serum CK-MB and
LDH, and thereby, is superior to h-AML as protective
against cardiac injury.
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Figure 4. Effects of DOCA, 4-OH-1le/DOCA, s-AML/DOCA, h-AML/DOCA and s-AML/4-OH-1le/DOCA
treatments on the serum CK-MB and LDH in in the different rats groups.

#: Significant in comparison to the control group.
$: Significant in comparison to the DOCA-treated group.

5. Effects of 4-OH-lle, s-AML, h-AML and s-
AML/4-OH-lle treatments on the serum TC, TGs,
HDL-c and LDL-c in DOCA-induced hypertensive
rats (Table 1 and Fig. 5): At the end of experiment,
when compared to normal control, 4-weeks DOCA
treatment in the DOCA-treated rats induced significant
(P < 0.001) increases in the serum total cholesterol,
triglycerides and LDL-c, and a significant (P < 0.001)
decrease in the serum HDL-c.

When compared to the DOCA-treated rats, 4-weeks
treatments with 4-OH-lle, s-AML, h-AML and s-
AML/4-OH-lle in the respective/DOCA-treated groups
produced significant (P < 0.001) decreases in the serum
total cholesterol, triglycerides and LDL-c, and a
significant (P < 0.001) increase in the serum HDL-c. 4-
weeks treatment with 4-OH-1le and s-AML/4-OH-lle, in
their  respective/DOCA-treated groups, produced
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insignificant (P > 0.05) changes in the serum total
cholesterol, triglycerides and LDL-c when compared to
the control rats. When compared to the h-AML/DOCA-
treated rats, 4-weeks s-AML/4-OH-lle treatment in the
s-AML/4-OH-1le/DOCA-treated rats produced a
significant (P < 0.001) increase in the serum HDL-c.

That is, DOCA significantly increased the serum total
cholesterol, triglycerides and LDL and decreased the
serum HDL in rats. Both h-AML and more effectively
s-AML/4-OH-lle, when administered concomitantly
with DOCA, prevented the DOCA-induced increases in
the serum total cholesterol, triglycerides and LDL and a
decrease in the serum HDL in rats, keeping them near
their normal ranges in rats. Thus, the combination s-
AML/4-OH-lle has greater efficacy than h-AML, and
thereby, is superior to h-AML as an antihyperlipidemic
agent.
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Figure 5. Effects of DOCA, 4-OH-11e/DOCA, s-AML/DOCA, h-AML/DOCA and s-AML/4-OH-1le/DOCA
treatments on the serum TC, TGs, HDL-c and LDL-c in in the different rats groups.

#: Significant in comparison to the control group.
$: Significant in comparison to the DOCA-treated group.

*: Significant in comparison to the h-AML/DOCA-treated group.

4. Discussion

The present study evaluated the effects of combined
4-OH-lle and s-AML on DOCA-induced hypertension
in rats, and compared this effect with that of therapeutic
h-AML and explored the possible mechanisms involved.
In the present study, DOCA induced hypertension,
cardiac injury (increased serum CK-MB and LDH),
dyslipidemia (hypercholesterolemia,
hypertriglyceridemia, increased LDL-c and decreased
HDL-c), lipid peroxidation (increased MDA in heart)
and oxidative stress (diminished total antioxidant
capacity in heart) in rats. These present findings could
be explained by and are in agreement with previous
studies reported by lyer and Brown (2009). In one of
these studies, Prahalathan et al. (2012) found that
DOCA-salt hypertensive rats showed increases in the
concentrations of plasma total cholesterol, triglycerides,
free fatty acids, phospholipids, plasma low-density and
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very low-density lipoproteins cholesterol, and decreased
the plasma concentration of high-density lipoprotein
cholesterol. It was reported that the DOCA-salt model is
used as it rapidly induces cardiovascular remodeling
similar to human chronic hypertension. Also,
administration of DOCA and sodium chloride to rats
provides a reliable animal model of cardiovascular
oxidative and inflammatory stress because it enhances
the action of many enzymes. These enzymes include
peroxidases, lipoxygenases, myeloperoxidases,
cytochrome P450 monooxygenase, xanthine oxidase,
uncoupled nitric oxide synthase, cyclooxygenases,
nicotinamide adenine dinucleotide phosphate (NADPH)
oxidases, heme oxygenases and the enzymes of the
mitochondrial electron transport chain producing
reactive oxygen species e.g. superoxide (Oz) in the
body cells (lyer and Brown, 2009). In addition,
Gonzalez et al. (2014) mentioned that several
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vasoconstrictor peptides (such as angiotensin I,
endothelin-1 and urotensin 1) stimulate the production
of reactive oxygen species by activating many of those
provided enzymes. Oz~ can react with nitric oxide (NO)
to form peroxynitrite or converts to hydrogen peroxide
to form hydroxyl radicals (lyer et al., 2010). Moreover,
increased oxidative stress in the endothelium may
contribute to the pathogenesis of hypertension and
endothelial dysfunction via increased production of free
radicals in the arterial wall. Furthermore, Chistiakov et
al. (2015) showed that free radicals play an important
role as mediators of cardiac and vascular smooth muscle
damage and inflammation. Also, tonic release of NO
from the endothelium exerts vasculo-protective and
cardio-protective effects, while its reduction enhances
apoptosis of endothelial cells. Besides, endothelial NO
is mainly synthesized from the conversion of L-arginine
to L-citrulline by endothelial nitric oxide synthase
(eNOS). The uncoupled eNOS and other oxidases e.g.
NADPH oxidase increased the production of Oz~ with
associated loss of NO in animal models of hypertension
and other models of cardiovascular risk (Mason et al.,
2014). Moreover, Pepine and Handberg (2001)
explained that peroxynitrite overproduction may
contribute to the endothelial oxidative stress damage.
Thereby, administration of antioxidants could reduce
oxidative stress and high blood pressure levels and
improve vascular function (Bessa et al., 2009). Indeed,
chronic hypertension in humans and animal models is
associated with cardiovascular diseases (CVDs) which
are related to oxidative damage. Reactive oxygen
species have a deleterious effect on cardiac functions
(Murugesan et al., 20120. In addition, the elevated
serum levels of the enzymes CK-MB and LDH (the
diagnostic cardiac markers) are due to their leakage
from the cytosol of damaged tissue to blood stream. This
leakage occurred when cell membranes loss their
integrity and become permeable or rupture due to any
serious insult or damage to the heart muscle, for example
in uncontrolled hypertension (Chatterjea and Shinde,
2012). At the same time, Silvestre and Levy (2000)
mentioned that 3 abnormalities are present in the
arterioles  of  hypertensive  patients: i)  high
vasoconstrictor tone due to sympathetic hyperactivity,
ii) hypertrophic remodeling promoting both the increase
in vasoconstriction tone and reduction in the vascular
lumen, and iii) rarefaction of the microvascular bed
which contributes to the increase in the hemodynamic
resistances. Hence, treatment of hypertension passed
through 3 phases: i) correcting the structural
abnormality, ii) limiting or correcting the hypertrophic
remodelling of the arteries and arterioles of
hypertensives, and recently iii) using vasodilator drugs
or decreased arteriolar response to vasoconstrictor
agents.
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The current study also showed that h-AML
prevented/corrected the DOCA-induced hypertension,
cardiac injury enzymes, dyslipidemia and lipid
peroxidation and oxidative stress in heart, thus keeping
them near the normal ranges in rats. In consistence with
the above findings regarding the therapeutic strategy of
hypertension and our present results, Mason et al.
(2014) documented that AML is a potent vasodilator and
has many vascular benefits. It decreased nitrooxidative
stress and increased NO release with concomitant
reductions in peroxynitrite level. The vascular benefits
of AML may be attributed to improved eNOS coupling
efficiency associated with reduced oxidative stress
through various enzymatic and nonenzymatic pathways.
AML not only activates eNOS, but also enhances
vasodilation through modulation of excitation-
contraction mechanisms in smooth muscle cells while
reducing oxidative stress. Correspondingly, AML could
improve endothelial function in hypertensive patients
and reduce cardiovascular events compared with other
antihypertensive regimens in a manner correlated with
enhanced vasodilation. In the same line, Kishi and
sunagawa (2012) demonstrated that high dose of AML
(10 mg /kg /day) caused sympathoinhibition via
reduction of oxidative stress through the inhibition of
NADPH oxidase and activation of manganese
superoxide dismutase (Mn-SOD) in hypertensive rats;
an effect which was not achieved by low dose of AML
(3 mg /kg /day). Zhang et al. (2016) explained that
AML reduced the angiotensin Il level, thereby
decreasing its arteriolar vasoconstrictor effect, thus
lowering the elevated blood pressure. However, it had
little effect on decreasing the thickness of arteriolar wall
and opposing the cholesterolemic atheromatous
deposition. Also, AML normalizes the ultrastructure of
the myocardium and prevents the signs of over-
contractility of myofibrils (Puzyrenko et al., 2013).
Furthermore, the study of Srinivasan et al. (1997)
revealed beneficial effects of AML treatment in diabetic
and/or hypertensive rats producing reduction in
cholesterol levels in SH rats. Also AML improved the
clinical outcomes on lipid profiles in hypertensive
patients (lyalomhe et al., 2012). Notwithstanding this
valuable antihypertensive effect of AML, Munoz et al.
(2008) reported many dose-related side effects of AML,
e.g. peripheral edema, dizziness, palpitations and
flushing, in addition to other common side effects like
fatigue, nausea, abdominal pain and somnolence. From
this, we can deduce that there was a great need to
develop a combination of s-AML with a new herbal
product, like 4-OH-lle, to minimize the h-AML side
effect and to achieve the same antihypertensive effect.

Our current study also showed that combination
of 4-OH-lle and s-AML significantly corrected all the
above DOCA-induced changes in the studied
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parameters, keeping them near the normal ranges in rats
which were similar to or may be better than those effects
of h-AML. In agreement with the present results, 4-OH-
lle, an amino acid extracted from fenugreek seeds,
produced beneficial effects on the plasma lipid profile
(Flammang et al., 2004), glucose tolerance,
inflammation,  insulin  action, liver  function,
cardiovascular health (Fuller and Stephens, 2016) and
body weight (Jetté et al., 2009). Besides, 4-OH-lle
decreased the elevated plasma TGs and TC levels and
may represent a new candidate for the treatment of
dyslipidemia and all subsequent complications, e.g.
thickening of arteriolar walls and atherosclerosis in
hypertensive patients via its antioxidant effects (Jetté et
al, 2009).

Furthermore, Dutta et al. (2014) stated that 4-
OH-lle possesses its antioxidant effects via its capacity
to scavenge Oz, hydroxyl, hydrogen peroxide and
NADPH radicals and prevents the increase in lipid
peroxidation and protein carbonyl levels. In cultured rat
muscle cells, 4-OH-lle could inhibit the palmitate-
induced production of reactive oxygen species (Fuller
and Stephens, 2015). Moreover, Dutta et al. (2014)
revealed that the 4-hydroxyisoleucine (28%) and
trigonelline enriched fraction extract (TF4H (28%)),
isolated from the seed of Trigonella foenum graecum,
possesses good antioxidant characteristics which is
evident from its capacity to scavenge hydroxyl radical (-
OH), superoxide anion radical (O2), hydrogen peroxide
(H207) and DPPH radical in chemically-defined in vitro
system using Cu2+ and ascorbic acid. This fraction
prevented the increases in cardiac mitochondrial lipid
peroxidation and protein carbonyl levels, and prevented
the decrease in reduced glutathione level in Cu-
ascorbate induced oxidative stress in goat heart
mitochondria. Also, this fraction caused inhibition of the
increase in manganese superoxide dismutase (Mn-SOD)
activity, and caused induction of glutathione reductase
(the reduced glutathione synthesizing enzyme) and
Krebs cycle enzyme activity, which makes its
antioxidant phenomenon. Also, they reported that
fenugreek seeds also lower serum TGs, TC and LDL-c
(Narender et al., 2006). The 4-hydroxyisoleucine has
been reported to be responsible for the antidiabetic
activity of fenugreek which is possibly due to their
antioxidant activities. In India, fenugreek is commonly
used as a condiment and used medicinally as an anti-
dyslipidemic agent (Narender et al., 2006; Dutta et al.,
2014). In the same line, Zafar and Gao (2016) added
that 4-OH-lle improved the renal dysfunction and
dyslipidemia parameters, and increased the antioxidants
and hormones levels altered in different metabolic
disorders.

Conclusion: The current study confirmed that the new
combination of 4-OH-lle and s-AML produced
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comparable beneficial effects, to those of therapeutic h-
AML, in the treatment of hypertension and in protection
against the deleterious effects on biochemical
parameters estimated, all induced by DOCA in rats,
thus, restoring the levels of the serum lipids and cardiac
enzymes and the cardiac tissue oxidative stress
parameters; TAC and MDA to normal values. This
antihypertensive effect of combined 4-OH-lle and s-
AML might be due to their combined strong antioxidant
activities  opposing  the  oxidative  damages
accompanying DOCA-induced hypertension in rats, and
would owe also to their anti-dyslipidemic effects which
improve blood vessel elasticity and thereby improve the
vasodilator effect of s-AML. These results suggest that
the combination therapy with 4-OH-Ile and s-AML has
a potential to be a novel treatment for hypertension with
protection against cardiac dysfunction and oxidative
stress. Thus, to potentiate these results, it is
recommended to perform more studies to clarify some
possible mechanisms of interaction between 4-OH-lle
and AML, like its effect on the pharmacokinetics of
AML e.g. its plasma concentrations. Also, for more
reliable evidences supporting a clinical trial on 4-OH-
lle, itis preferably recommended to use the most widely
used preclinical spontaneously-hypertensive rats (SHR)
model. These evidences will be accredited for the use of
this combination in clinical trials on humans to obtain
concrete evidence of its beneficial impact before it can
be approved as a clinically-effective  new
antihypertensive combination.
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