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L-NAME is widely used in both acute and long-term in vitro and in vivo experiments when the
effects of the restriction of NO production are investigated. It is commonly used for the induction of NO-
deficient hypertension. Literature data testify that chronic treatment of L-NAME led to hypertension,
decreased NO synthase (NOS) activity, myocardial hypertrophy and fibrosis [1,2,3], suppressed
angiogenesis by growth factors stimulation [4,5], reduced vasorelaxation, and also induced thickening of
the vascular wall [6,7], that indicates the significant role of NO in these processes.

The aetiology and relationship between the NO content and the mechanisms of development of
hypertension, whether dysfunction of the endothelium and a decrease in NO production have occurred
before or after the development of hypertension, remains unclear. The dissolution of this problem is very
important for the development of effective methods of treating hypertension.

We investigated the competitive interaction of different antihypertensive drugs (Nebilet+
(Nebivolol (beta-blocker) + hydrochlorothiazide), Lozap + (Specific antagonist of angiotensin II receptors),
Hydrochlorothiazide (diuretic medication) and a combination of Norvasc (calcium channel blocker)+
Hydrochlorothiazide) and the substrate of NO synthase, L-arginine, and its analogue, N-nitro-methyl
ether-L-arginine (L-NAME), which is considered a non-selective inhibitor of NO synthase in
experimental rats [8-11].

Materials and methods. The study was conducted on 49 experimental white Wistar rats (200-
220g), taking into consideration international laws of animal protection. All animals were kept in acrylic
cages with wood shavings in an acclimatized room (12/12 h light/dark cycle; 22+3°C) with free access to
food and water. All animal procedures were approved by the Animal Care and Use Committee of the
Thilisi State Medical University and were conducted in accordance with the “Guide for the Care and Use
of Laboratory Animals” (NIH Publication No. 85-23, revised 1996). All efforts were made to minimize the
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number of animals and their suffering throughout the experiment. Hypertension was induced with
intraperitoneal administration of L-NAME (SIGMA-ALDRICH) (40 mg/kg).

Animals were divided into three groups. I group — of intact rats; II group — of rats with an
experimental model of hypertension. Group II consists of two subgroups: Ila subgroup — rats were treated
by L-NAME (nonselected inhibitor of NO-synthase) intraperitoneal injection (40 mg/kg) during 4 weeks;
IIb subgroup - rats were treated by L-NAME intraperitoneal injection (40 mg/kg) during 4 weeks and then
following 3 weeks were not treated (spontaneous lavage [7, 10]. Group III rats were treated with L-NAME
(40 mg.kg) for 7 weeks, from the beginning of the 5th week (week 5, 6, 7) additionally with L-NAME
antihypertensive drugs were added: IIla subgroup - L-NAME + Nebilet+ (10/25mg/kg); IIIc subgroup -
L-NAME + Hydrochlorothiazide (50mg/kg); IIId subgroup - L-NAME + Norvasc + Hydrochlorothiazide
(10/12.5mg/kg); Ille subgroup - L-NAME + L-Arginine (300mg/kg);

2.1 Blood pressure measurement. The blood pressure (systolic (SP) and (DP) diastolic) of the rats
was measured every second day by the tail-cuff method by equipment ,Systola“ and oscillograph, made
by Russia, LLC “Neurobotics”, according to conscious blood pressure (systolic pressure (SP), Diastolic
pressure (DP) and pulse pressure (PP)) monitoring, following the manufacturer's protocol.

2.3 Measurement of Total NO Level in blood. The level of NOx in blood samples was determined
by a modified method of Miranda et al. [9]. As the first step, blood serum sample deproteinization was
achieved by adding equal volumes of 0.3 M NaOH to 1000pul of blood serum, it was mixed well and
incubated for 5 min at room temperature; then 100ul of 5% ZnSO4 was added, mixed well and incubated
for additional 5 min at room temperature. After the incubation, the mixture was centrifuged at 3000 rpm
at 4°C for 15 min. An aliquot of 100yl of the clear supernatant was then mixed with 200ul of Griess Reagent
Sigma-Aldrich. Griess Reagent was prepared just prior to the assay and contained 0.25% VCls, 0.1%
sulfanilamide and 0.05% N-(1-Naphthyl)-ethylenediamine (NED) (SIGMA-ALDRICH) in 0.5 M HCI. The
reagent blank was the same but contained 100pl of distilled water instead of the blood serum sample. The
mixture was incubated for 30 min at 37°C and absorbance was measured at 540 nm with a microplate
reader (Multiscan GO, Thermo Fischer Scientific, Finland). The standard curve for NaNO: was used to
calculate the total NOx concentration in the samples [12].

2.4 Statistical analysis. Statistical analysis of obtained results was performed by the use of the SPSS
statistical analysis program package (version 10.0). The average parameters and their statistical derivations
were analyzed. The difference between groups was evaluated by Student t-criterium. In all cases, statistical
significance was obtained at p < 0,05.
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Fig. 1. Arterial pressure (SP, DP) and pulse pressure (PP) of hypertensive rats under the treatment with
Nebilet+, Lozap+, Hydrochlorothiazide (H), Norvasc+H and L-Arginene

Results and Discussion. On Figure 1 the means of systolic and diastolic pressure in rats under the
4 and 7-week influence of NO-synthase inhibitor, and 3 weeks of treatment with different
antihypertensive drugs. As it seems from the results of the study, after 4 weeks injection of the L-NAME
(subgroup Ila) systolic pressure increased by 110% and diastolic — by 66%, in comparison to the initial
level. After 3 weeks in rats, treated with L-NAME for 4 weeks, (subgroup IIb) systolic and diastolic
pressure decreased by 55%/54% and returned to the initial level.

Treatment of hypertensive rats during the last 3 weeks with Nebilet+ (Nebivolol (beta-blocker) +
hydrochlorothiazide), Lozap + (Specific antagonist of angiotensin II receptors), Hydrochlorothiazide
(diuretic medication) and a combination of Norvasc (calcium channel blocker)+ Hydrochlorothiazide
(Subgroups IIIa, b, ¢, d) induced decrease of arterial pressure and pulse pressure (by 53%,/61%, 13%;
61%64%, 52%; 59%/70%, 35 %; 66%/59%, 41%, correspondingly) and it becomes close to the initial level
(Fig. 1A-D). L-Arginine administration induced decrease of arterial pressure and pulse pressure by
48%/52%, 23% (Fig. 1E).

The level of NO in arterial and vein blood under the influence of Nebilet+, Hydrochlorothiazide
(H) and Lozap+ 7,4; 5,5 fold increased (Fig. 2A, C), the effect of Hydrochlorothiazide combination with
Norvasci was higher (12,3; 8,2) (Fig. 2D) but Hydrochlorothiazide only was less effective (5,6; 5.2 fold)
(Fig. 2B); under the administration of L-Arginine level of NO in arterial blood increased 1,4 fold and didn’t
change in venous blood (Fig. 2E).
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Fig. 2. NO content in hypertensive rats arterial and venous blood under the treatment with Nebilet+,
Lozap+, Hydrochlorothiazide (H), Norvasc+H and L-Arginene

The results of our experiments indicate after L-NAME administration increase of SP and DP was
reversible whereas the increase of PP and decrease of NO content in rats’ blood was irreversible. These
data indicate the irreversible character of the alterations of vascular elasticity (stiffening) and endothelial
dysfunction (decreased bioavailability of NO) [13].

As shown in experiments results, treatment of the hypertensive rats (under continuous
administration of LNAME for 7 weeks) during the last 3 weeks with Nebilet+, Lozap, Hydrochlorothiazide
and a combination of Norvasc with Hydrochlorothiazide effectively decreased the SP and DP; concerning
the normalisation of PP, the most effective were Lozap (reduced PP by 52%), and the combination of
calcium channels blocker, Norvasc, with diuretic Hydrochlorothiazide (reduced PP by 41%); the
Hydrochlorothiazide and Nebilet+ had no effects on PP. It must be noted, that the combined effect of
Norvasc with Hydrochlorothiazide was exspessialy high concerning increased NO levels in arterial and
venous blood, whereas Hydrochlorothiazide alone had a very low effect. The administration of the NO
donor L-arginine, although it caused the normalization of blood pressure (BP, BP), did not importantly
affect the level of PP and the content of NO in the blood. These data indicate that hypertension
pathogenesis is very complex and includes a series of factors, additionally to the lack of vasodilatation
agents [14, 15, 16, 17, 18].

The effects of antihypertensive drugs are related to various mechanisms and require the presence
of not only an additional substrate necessary for the synthesis of NO. Studying these mechanisms will help
us to develop effective methods of treating hypertension.

References:

1. Pechanova O, Bernatova I, Pelouch V, Babal P. L-NAME induced protein remodelling and fibrosis in
the rat heart. Physiol Res. 48 (1999), pp. 353-362.

2. Simko F, Simko J. The potential role of nitric oxide in the hypertrophic growth of the left ventricle.
Physiol Res., 49 (2000), pp. 37-46.

3. Kakabadze K, Megreladze I, Khvichia N, Mitagvaria N, Kipiani N, Dumbadze M, Sanikidze T. Some
Aspects of Role of Nitric Oxide in the Mechanisms of Hypertension (Experimental Study). Cardiol Res.
2021 Feb;12(1):16-24.

4. M. Ziche, L. Morbidelli, E. Masini et al., Nitric oxide mediates angiogenesis in vivo and endothelial
cell growth and migration in vitro promoted by substance P, Journal of Clinical Investigation, 94(5)
(1994), pp. 2036-2044.

5. A. Papapetropoulos, G. Garcia-Cardefia, J. A. Madri, and W. C. Sessa, “Nitric oxide production
contributes to the angiogenic properties of vascular endothelial growth factor in human endothelial
cells,” Journal of Clinical Investigation, 100(12) (1997), pp. 3131-3139.

6. Gerova M, Kristek F. Efficiency of NO donors in substituting impaired endogenous NO production: a
functional and morphological study. Physiol Res. 50 (2001), pp. 165-173.

7. Simko F, Matuskova J, Luptak I, er al Spironolactone differently influences remodeling of the left
ventricle and aorta in L-NAME-induced hypertension. Physiol Res. 56(2) (2007), pp. S25-S32.



JECM 2022/6

8. Southan GJ, Szaby C: Selective pharmacological inhibition of distinct nitric oxide synthase isoforms.
Biochem Pharmacol, 51(4) (1996), pp, 383-394. https:// doi: 10.1016/0006-2952(95)02099-3.

9. Wang YX, Poon CI, Pang CCY: In vitro and ex vivo inhibitory effects of L- and D-enantiomers of NG-
nitro--arginine on endothelium-dependent relaxation of rat aorta. ] Pharmacol Exp Ther, 26(1) (1993)
pp-112-111.

10. Juszczki J], Jaskylska A, Dworzacski W, Zyikowska D: 7-Nitroindazole, but not NG-nitro-L-arginine,
enhances the anticonvulsant activity of pregabalin in the mouse maximal electroshock-induced seizure
model. Pharmacol Rep, 63 (2011), pp.169-175.

11. Talarek S, Listos ], Fidecka S: Effect of nitric oxide synthase inhibitors on benzodiazepine withdrawal
in mice and rats. Pharmacol Rep, 63 (2011) pp. 680-689.

12. Katrina M. Miranda, Michael G.Espey, David A Wink. A rapid, simple spectrophotometric method
for simultaneous detection of nitrate and nitrite. Nitric oxide, 5(1) (2001), pp. 62-71

13. Susan J. Zieman, Vojtech Melenovsky, David A. Kass. Mechanisms, Pathophysiology, and Therapy of
Arterial Stiffness Arteriosclerosis, Thrombosis, and Vascular Biology, 25 (2005), pp. 932-943.

14. Kapoor M, Dhar M, Mirza A, Saxena V, Pathania M. Factors responsible for
Uncontrolled Hypertension in the Adults over 50 years of age: A pilot study from Northern India.
Indian Heart J. 2021 Sep-Oct;73(5):644-646.

15. Song JJ, Ma Z, Wang ], Chen LX, Zhong JC Gender Differences in Hypertension. ] Cardiovasc Transl
Res. 2020 Feb;13(1):47-54. doi: 10.1007/512265-019-09888-z. Epub 2019 May 1.PMID: 31044374

16. Buleishvili M, Lobjanidze N, Ormotsadze G, Enukidze M, Machavariani M, Sanikidze T.
ESTROGEN RELATED MECHANISMS OF HYPERTENSIONIN MENOPAUSAL WOMEN.
Georgian Med News. 2016 Jun;(255):45-51.PMID: 27441535

17. Ratiani L, Khorava M, Dgebuadze M, Zhvania N, Sanikidze T. The role of estrogens in pathogenesis
of age-related arterial hypertension. Georgian Med News. 2012 Jul; (208-209):71-6.

18. Khetsuriani T, Chabashvili N, Sanikidze T. Role of endothelin-1 and nitric oxide level in pathogenesis
preeclampsia. Georgian Med News. 2006 Dec;(141):17-21.

KETEBAH KAKABAJZI3E, HPAKJIHH METPEJIAZI3E, HUHO KHITHAHH, TAMAP CAHHKH/3E
CPABHUTEJIbHASA 3®OEKTUBHOCTD PA3JIMYHBIX AHTUTUITEPTEH3UBHBIX CPEZICTB ITP1
JIEYEHUU SKCIIEPUMEHTAJIBHOM TMIIEPTEH3UU Y KPHIC
Tounucckuit ['ocynapcrBenHsIit MequninHCKuil Y HUBEPCUTET

PE3IOME

OTHOIOrHA runepreHsun u ee cBa3b ¢ NO-3aBucuMoil guchyHKIIMEH SHAOTEINA U CHIDKEHHUEM
npozykuuu NO 7o cuX ITOp He YCTaHOBJIEHBL.

AprepuanpHyIO TUIIEPTEH3UIO MHAYIIMPOBAIN Y CAMIIOB KpbIC TuHUK Bucrap (maccoit 200-220r)
BHyTpuOpromuHHEIM BBemeHueM L-NAME (SIGMA-ALDRICH) B Teuenue 4 u 7 Hezmens. B Teuenme
IOCJIeHUX 3 HeJelb OTAEIBHOH TpyIIle >KUBOTHBIX OmHOBpeMeHHO BBoguiau L-NAME, L-aprunun
(SIGMA-ALDRICH) u pasnuunsie aHTuruneprensusHble npemnaparsi (He6uner+ (He6usonon (Gera-
azpeHo6IOKaTOp) + rumgpoxioporuasuz), Jlosam + (Crerupuyueckuit aHTarOHUCT aHruoTeHsuHa). II),
TUAPOXJIOPOTHA3U], (AUypeTHYecKoe JeKapCTBO) M KOMOHMHALIMIO HOPBACK (6JIOKATOP KaIbI[MEBBIX
KaHaIOB) + TMAPOXJIOPOTHA3UZ). Y SKUBOTHBIX KOHTPOJUPOBAIU CHUCTOJIMYECKOE U IHACTOIHIECKOe
Iasnenue. YposeHb NO B 06pa3uax KpOBU ONpemessiif CIeKTPOdOTOMETPUUECKU C HCIIOIb30BaHHEM
peaxTuBa I'pucca.

PesynbpraTel mcciemoBaHMA ITOKAa3bIBAIOT, YTO IIATOTEHE3 apTEPUAIBPHOM TUIEPTEH3UHM O4YeHb
CIOXEeH M 3aBUCHUT OT pAjga (aKTOpPOB, IIOMUMO OTCYTCTBHA BaszozamiaraTopoB. [lostomy sddekrts
AQHTUTUIIEPTEH3UBHBIX CPEJCTB CBA3AHBI C PA3IMYHBIMM MEXaHM3MaMHU U TPeOYyIOT HAJIMYMUA He TOJIBKO
IOTIOJIHUTEIBHOTO cyOcTpara, Heooxomumoro ayis cunTe3a NO. V3ydyeHne 5TUX MeXaHH3MOB HEOOXOLUMO
IJ1 pa3paboTky 3¢ (HeKTUBHBIX METOAOB JIeYeHU A TUIIePTeH3UH.
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SUMMARY

The aetiology and relationship between the NO content and the mechanisms of development of
hypertension, whether dysfunction of the endothelium and a decrease in NO production have occurred
before or after the development of hypertension, remains unclear.

Arterial hypertension was induced in male Wistar rats (weighing 200-220 grams) by
intraperitoneal administration of L-NAME (SIGMA-ALDRICH) for 4 and 7 weeks. During the last 3
weeks, to a separate group of animals simultaneously with L-NAME, L-arginine (SSIGMA-ALDRICH) and
different antihypertensive drugs (Nebilet+ (Nebivolol (beta-blocker) + hydrochlorothiazide), Lozap +
(Specific antagonist of angiotensin II receptors), Hydrochlorothiazide (diuretic medication) and a
combination of Norvasc (calcium channel blocker) + Hydrochlorothiazide) were administered. The
animals were monitored for systolic and diastolic pressure. The level of NO in blood samples was
determined spectrophotometrically using a Griess Reagent.

The results of the study show that hypertension pathogenesis is very complex and includes a series
of factors, additionally to the lack of vasodilatation compounds. Therefore, the effects of antihypertensive
drugs are related to various mechanisms and require the presence of not only an additional substrate
necessary for the synthesis of NO. Studying these mechanisms will help us to develop effective methods
of treating hypertension.
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