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The Effect of Hypotensive Drugs on Carbonic Anhydrase I Activity.
In vitro Studies

A.Iacobescu, L. Unita, I. Puscas, S. Magheru, G. Mutiu

University of Oradea, Faculty of Medicine and Pharmacy, Romania

Efectul hipotensivelor asupra activitatii anhidrazei carbonice I. Studii in vitro

Anhidraza carbonica (CA) se contine in tot corpul uman. Izoenzima I se evidentiaza mai des in endoteliul vascular. Scopul studiului - a
demonstra, in vitro, actiunea de inhibare a hipotensivelor asupra CA T prin intermediul receptorilor adrenergici sau prin actiunea directd a
vasodilatatoarelor. S-a stabilit viteza reactiei prin care CO, este hidratat in absenta enzimelor catalitice, in prezenta CA I'si cu participarea CATin
asociere cu hipotensive. La expunerea rezultatelor s-a folosit ecuatia Michaelis Menten conform metodei lui Eadie Hoffstee. A fost folosita solutie
in concentratiile de la 10® M pana la 10* M. S-a stabilit cé clonidina in concentratie de 10* M reduce activitatea CA I cu 50%, prazosina - cu
42%, reserpina — cu 30%. Epinephrina in asociere cu clonidina de concentratie 10* M, creste activitatea CA I numai cu 31%, vs 68% — cand sunt
testate fiecare in parte. Yohimbina, in prezenta clonidinei manifesta acelasi efect asupra CA I indiferent de concentratia solutiei. Norepinephrina
in prezenta prazosinei are o activitate redusa asupra CA I — 25%, vs 61% - in testare separata. Concluzie: Clonidina, prazosina si reserpina reduc
activitatea CA L Studiile in vitro demonstreazi ca clonidina inverseaza efectul activitatii catecolaminelor. S-a stabilit o inhibitie competitivd intre
Yohimbina si clonidina. Prazosina are un efect opus celui de activare al norepinephrinei in prezenta CA L.

Cuvinte-cheie: remedii hipotensive, anhidraza carbonica, antiadrenergice.

p,eﬁcrslne r’MNOTeH3NBHbIX CpeAcCTB Ha aKTUBHOCTb yrnel(mcnoﬁ aHrnapasbl I. UccnepoBaHne in vitro

Yriexucnas anruapasa (YA) cofep>KUTCA BO BCeX TKaHAX OpPraHM3Ma denoBeka. VIsodepMeHT I yaie 06HAapyXMBaeTCsA B COCYAMCTOM
sHporenui. Llesb MccnenoBaHmsA — yCTaHOBUTD in Vitro MHIMOMpYIollee AefiCTBIE ITMIIOTeH3UBHBIX CpeficTB Ha YA I ¢ yqacTyeM aipeHepruyeckmx
PELENTOPOB MU HENOCPENCTBEHHBIM [I€/iICTBMEM TMIIOTEHSUBHBIX IpenaparoB. beura ycranosnena ckopoctb peakuyun rupparanuu CO,
B OTCYTCTBMM KaTaIUTUIeCKMX HepMeHTOB, B mpucyctsuu YA I u npu ydactuu YA I B codeTaHMu ¢ TMIOTEH3VBHBIMU cpefcTBaMu. ITpu
U3/IOKEHNH Pe3yIbTaToB OBIIO UCIIONb30BaHO ypaBHeHne Michaelis Menten B cooTsetcTByN ¢ MeTopukoi Eadie Hoffstee. Boir ncnonbsoBan
pactBOp B KoHIjeHTpausix ot 10® M o 10* M. YcraHOB/IeHO, 4TO KIOHUAVH B KoHIeHTpanuu 10* M cHmxaet aktuBHOCTh YA I Ha 50%,
IIPO30CHH — Ha 42%, pesepnuH — Ha 30%. EnvHedpyH B codeTaHNN ¢ KTOHMANHOM B KOHIjeHTparmu 10 M yBemrdmnBaeT akTMBHOCTD YA I
b Ha 31%, a Ipy UX OTHEbHOM TeCTMPOBaHMY — Ha 68%. VIOXMMOVH B IIPUCYCTBUM KIOHUAVHA MMeeT TOT ke 9¢eKT Ha YA I He3aBUCHMO
OT KOHI[eHTparmu pactBopa. HopennuedpyH B mpucycTBuu Ipa3ociHa CHIDKAeT cBoe feiicTBre Ha YA I Ha 25%, B TO e BpeMs Kak IIpY UX
OT/IEMbHOM TECTUPOBAHNY OHO cOCTaBMIO 61%. BeiBop: KmoHugus, mpasocuH 1 pe3epnH CHIDKAIOT akTUBHOCTD YA 1. Viccnenosanus in vitro
TI0Ka3a/1u, YTO KJIOHU/VH IPMBORUT K 00PaTHOMY JIeJICTBIIO KaTeX0/IAMIHOB. YCTaHOB/IEHO MHIMOMPYIOliee KOHKYPEHTHOE [efiCTBIe MOXMMOVHA
u KnoHyauHa. [Ipasocus B mpucyctsun YA I npossiser narnbupymomuit 9¢bdexT, a HopennHedpuH, HLOO0POT — AKTUBUPYIOLINIL.

KnroueBble cIOBa: TUTIOTEH3MIBHbIE CpeACTBa, YITIEKNCIaA aHrnjpasa, aHTI/Ia)IPeHepI‘eTI/I‘{eCKI/Iﬁ 3(1)(1)6KT.

Introduction (4). Prazosin is an antagonist of alfa 1 receptors and its action

Carbonic anhydrase was discovered in 1932 by Mel- leads to arterial and venous vasodilatation (5). Reserpine is a

drum and Roughton (1). This enzyme catalyzes the simplest Rauwolfia alkaloid which causes vasodilatation and antihyper-
reaction in the human body: the reaction between CO, and tensive effect by depleting the norepinephrine stores (6).

water (2). Over the last few years, the role of this enzyme has
been reconsidered as more important because of pH varia-
tion determined by this reaction in the human body and its
physiological and physiopathological implications (3). We will
abbreviate carbonic anhydrase as CA in this study.

The aim of this study is to demonstrate that, in vitro, CA
Iis inhibited by hypotensive drugs which antagonize adrener-
gic receptors or direct vasodilators. This study is a fragment
of a larger study which tries to demonstrate the implication
of CA I in hypertension physiopathology. Clonidine is an
antihypertensive drug, agonist of alfa 2 adrenergic receptors.
It is also the central action of the sympathetic nervous system
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Material and Methods

We have studied the effect of clonidine, prazosin and
reserpine on CA I and II by in vitro studies. We also studied
the effect of epinephrine or yohimbine association with
clonidine and norepinephrine association at prazosin. All
our associations were made with echimolar concentrations
between 10®* M and 10* M (3).

Experimental method: Speed of reaction without
catalyzer: determination of time needed for reaction in the
absence of the enzyme. The time is noted as T (8). Speed
of reaction in the presence of catalyzer: time needed for the
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reaction in the presence of the enzyme. Time is noted as T.
The volumetric activity of CA is determined by the formula:
(T, - T)/T (U.E/ml) (8). 1 UE. is the quantity of enzyme
used to double the speed of reaction (9). Speed of the reac-
tion may be modified by activators or inhibitors association.
Effect of it may be monitored by application of activators or
inhibitors in reaction medium and by measuring the speed of
the reaction. These determinations are made by the relative
doses/responses at concentrations between 10® and 10°M
(8). The initial speed of reaction of CO, hydration has been
measured by the spectophotometry pH indicator method.
This involved the use of the Hi-Tech stopped-flow spectro-
photometer SF 51 MX (Hi-Tech, England), at 400nm, using
the Hepes 20mM - p-nitrophenol system. The initial pH was
7.5 and the temperature was a constant 25 °C (9). For initial
speed measurement, we varied the concentration of substrate
between 5 mM and 30 mM CO,. The concentrations of CO,
we used were measured by spectophotometry at 340 nm us-
ing the automatic analyzer IMPACT 400. We have integrated
the results using linearization of the Eadie-Hoffstee method
with the Michaelis Menten equation. To calculate the median
and standard deviation we used the Student test. All values
we have used were a median of five different measurements,
at every probe.

Results

Clonidine decreased CA I and CA II activity by a dose/
response correlation, starting from concentrations of 10 M,
and at 10* M inhibition, the results were 50% for CA I and
15% for CA II. Prazosin decreased CA I and CA II activity
by a dose/response correlation, starting from concentrations
of 10® M, and at 10* M inhibition, the results were 42% for
CATand 20% for CA II. Reseprine decreased CA Tand CA II
activity by a dose/response correlation, starting from concen-
trations of 10®* M, and at 10 M inhibition, the results were
30% for CA I. Contrary to clonidine and prazosin, reseprine
is a strong activator of CA II. At 10* M the cativator effect is
178%. Results in detail are given in tables 1, 2 and 3, and in
figures 1 and 2.
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Tablel
Effects of clonidine, prazosin and reseprine
on CAland CAII
Conce(rnl:)ratlon Clonidine Prazosin Reserpine

CAl CAIll CAl CAll CAl CAll
10-8 M -11% 0 -9% 0 -9% 35%
10-7 M -19% 0 -16% -5% -14% 67%
10-6 M -32% -6% -28% -9% -20% 92%
10-5M -41% -11% -35% -14% -27% 136%
10-4 M -50% -15% -42% -20% -30% 178%

Table 2

Effects of ephedrine and yohimbine association
with clonidine on CA I activity

Conce(::)r ation Ephedrine Egll:, e:::;?:: Yohimbine Yg:: ':::;?::
10-8M 12% 6% -17% -17%
10-7M 29% 14% -23% -23%
10-6 M 52% 21% -35% -35%
10-5M 63% 28% -41% -41%
10-4 M 68% 31% -52% -52%

Table 3
Effects of prazosin and norepinephrine association
on CA I activity
Concentration (M) Norepinephrine Norp:rl:ze:sl;:ne *
10-8 M 14% 5%
10-7M 26% 10%
10-6 M 40% 16%
10-5M 53% 20%
10-4 M 61% 25%

Discussions

Our results show that clonidine and prazosin restrict CA
I activity much more than CA II activity. In vitro, clonidine
antagonizes the activator activity of catecholamines on CA
I. This may be proof of direct action of clonidine on active
situs of CA I.
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Fig. 1. Effects of Clonidine, Prazosin and Reserpine on CA I activity.
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Fig. 2. Effects of ephedrine and yohimbine association with clonidine on CA I

We suggest that the proof of Langer et al. (9) - who have
demonstrated that clonidine is blocked by yohimbine - is real
but incomplete. There is a competitive inhibition between
these two substances, and the yohimbine affinity for CA Tis
so important that to completely remove clonidine from active
situs of CA 1, so that there is no effect of clonidine on CA 1.

To completely understand the anomaly of inhibition
and stimulation of alpha 2 adrenergic receptors, we have to
recognise that these receptors, with regards to their activity on
cardiovascular system, are presinapticaly, and regulate the re-
lease of adrenergic mediators. Alfa2 agonist (clonidine) leads
to inhibition of adrenergic mediators release, vasodilatation
and hypotension. Alfa2 antagonists stimulate the adrenergic
mediators release, vasoconstriction and hypertension. These
processes are partially explained by the action of these me-
diators on CA T activity. The inhibition of CA I by clonidine
explains its hypotensive activity despite its adrenergic ago-
nism, but doesn’t explain why yohimbine, one of the most
powerful inhibitors of CA I has the opposite effect on the
central nervous system. With regards to peripheric circulation,
yohimbine has a vasodilator and hypotensive effect probably
through alfal antagonsim. In the case of alfa2 adrenorecep-
tors, the pH theory is not able to explain why substances with
the same effect on CA I activity have different effects on alfa2
receptors (10). Prazosin is a very selective antagonist of alpha
1 adrenergic receptors. It has a 1000 times greater affinity for
alpha 1 compared with alfa2. In our in vitro studies, prazosin
antagonized the effect of norepinephrine on CA I activity. Our
studies emphasize that clonidine and prazosin, which both are
ligands of alpha adrenergic receptors, have also a direct inhibi-
tory effect on CA I activity. Reserpine lowers the CA T activity
but is a strong activator for CA II. In the future we intend to
monitor the correlation between the decreasing of CA I activ-
ity and the hypotensive effect of adrenergic antagonist.

—_

Conclusions

1.Clonidine and prazosin predominately decrease the
activity of CA T and in a lesser manner CA II activity.

2.1n vitro, clonidine antagonizes activator effects of ca-
thecolamines on CA I. This may be proof of the direct
action of clonidine on active situs of CA L.

3. There is a competitive inhibition between clonidine and
yohimbine and the affinity of yohimbine for CA I is so
important that is completely remove clonidine form the
active situs of CA I, this completely remove the effect of
clonidine on CA L.

4. Prazosin antagonizes the effect of norepinephrine on
CAL

5.Prazosin and clonidine are direct inhibitors of CA 1.

6.Reserpine, according to our in vitro studies, decrease
the CA T activity, while it is a strong activator of CA II.
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Knuanko-yHKumoHarbHble U3MEHEHN S CEPeTHO-COCYTUCTOI
CUCTEeMBI Y 00TbHBIX XPOHNYECKOI 00CTPYKTUBHOI 00/I€3HBIO IETKNX

Chikh Ahmad Mahmoud

Kadenpa BuyTpennnx 6omnesneit Ne 6 TYM® nm. H. A. Tecremunany

Clinico-Functional Changes in the Cardio-Vascular System in Patients with Chronic Obstructive Pulmonary Disease

The study included 55 patients, 25 (mean age 54,2+1,5 years) of whom were diagnosed with exertional angina pectoris of II-IIT degree and
COPD of medium severity, 15 (mean age 57,5%1,3 years) with exertional angina pectoris of II-IIT degree, and 15 (mean age 56,0+1,5 years) with
COPD of medium severity. The survey included Doppler-echocardiography, daily ECG monitoring, assessment of respiratory function, the
study of lipid metabolism and blood gases. The study found that 76% of the patients with exertional angina II-III in combination with COPD
complained of dyspnoea and palpitations. Daily ECG monitoring showed they more often recorded various rhythmic irregularities and painless
ischemic heart disease, as well as more pronounced systole-diastolic left ventricular dysfunction.

Key words: chronic obstructive pulmonary disease, stable angina, painless ischemia.

Dereglari clinico-functionale ale sistemului cardiovascular la pacientii cu bronhopneumopatie obstructiva cronica

Au fost studiati 55 de bolnavi, dintre care 25 (cu vérsta medie 54,2+1,5 ani) au fost diagnosticati cu angina pectorald de efort CF II-III si
BPOC de gravitate medie; 15 (cu varsta medie 57,5+1,3 ani) — cu angina pectorald de efort CF II-III si 15 bolnavi (cu vérsta medie 57,5+1,3 ani) cu
BPOC de gravitate medie. Examinarea bolnavilor a inclus doppler-ecocardiografia, monitorizarea nictemerald a ECG (metoda Holter), evaluarea
respiratiei externe, studierea metabolismului lipidic si a gazelor sangvine. In rezultatul cercetirilor a fost stabilit c4 pacientii cu angina pectorala
de efort CF II-III si BPOC prezentau dispnee si palpitatii. In timpul monitorizirii nictemerale a ECG, la acesti pacienti se inregistrau mai des
diverse deregléri de ritm si forme asimptomatice ale BIM, cat si dereglarea mai manifestd a functiei sistolo-diastolice a ventriculului stang.

Cuvinte-cheie: bronhopneumopatie obstructiva cronicd, angind pectorala stabild, ischemie asimptomatica.

AKTyaIIbHOCTb ﬂpOGl‘leMbl

B coBpemeHnHOM 00IecTBe XpOHMYECKast 0OCTPYK-
tuBHas 6omesup nerkux (XOBJI), Hapsmy ¢ aprepuanbHOI
IUIIepTOHMeEI, nieMndeckoil 6onesupo ceppua (VIBC) u
CaXapHBIM A1abeTOM, BXOAUT B IPYIIIY BeAYLINX XPOHIYeC-
KIX 3a60/1eBaHMIT; Ha VX OO IpuXopuTcs 6ormee 30% cpenu
BCeX ApYrux GpopM maronorun denoseka. BcemmpHas opra-
Hu3aLst 3gpaBooxpanenns orHocut XOBJI k 3ab6oneBanmam
C BBICOKMM YPOBHEM COL[MaJbHOTO OpeMeHM, OHa LIMPOKO
pacmpocTpaHeHa KaK B Pa3BUTHIX, TaK I B Pa3BUBAIONINXCSA
crpanax. [To mpornosy na nepuog, o 2020 r., COCTaBJI€HHOMY
skcnepramy BO3, XOBJI craneT He TOTBKO Of{HOM 113 CAMbIX
pacnpocTpaHeHHbIX 60/Ie3HETT Ye/I0BeKa, HO BOVAET B UNCTIO
TMAMPYIOLYX IPUYIH CMEPTEIbHBIX CX0f0B [13, 14]. Heo6-

XOJIMMO IIOfJ4ePKHY Tb, 4TO JiedeOHbIe ¥ TPOoMIaKTIIecKye
nporpammbl ipy XOBJI B 3HauUTe/IbHON CTENEHM 3aBUCAT
OT CONYTCTBYIOLIMX 3a00/neBaHuil, Ha GOHe KOTOPBIX OHa
npotekaet. Hanboree yacTpiMu COITy TCTBYIOIIMMY 3a0071e-
BauysiMu XOBJI ABJSAIOTCS: KaxeKcust, TUIoTpodus 1 aTpo-
b1 CKeNeTHBIX MBbIIIL, apTepyanbHas runepronns, VIBC,
cepieyHas HeJOCTaTOYHOCTb, BACKY/IONATUM MajIoro Kpyra
KpoBoobpaiensi. [IporHos Hanbosee HeOIATOIPUATEH IIPU
couyeranuu XOBJI ¢ rpymnmoii ceppedHO-COCYAUCTDIX 3a601e-
Baumit. BonbHble, cTpagatomye TsoKensiMu popmamu XOBJI,
OTHOCATCA K I'PyIIE BbICOKOTO PUCKA BHE3AIIHONM CMEpTH.
OpHoit 13 NpuYMH, BEAYyLIell K pasBUTUIO BHE3AIIHON CMEPTH,
ABNIAIOTCA Pas/IMYHble HapyLIeHUs PUTMa cepaua. JlanHas
KJIMHUYeCKas: IpobieMa HYX/aeTcsi B 6onee r1yboKom
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