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Introduction 

Most cstimatcs suggest that approxi l~~a tc ly  oric half of all drugs prescribed are intended 
for those over 6 0  years of age. Furtllermore, this group bears the brunt of adverse reac- 
tions, perliaps due in part t o  the disproportionately large volume of prescribing. In 
addition, however, there are many differenccs both in pharmacokinetics and pharma- 
codynamics of drugs in the elderly, and while the pharmacokinetics alterations with ageing 
have been reasonably well described changes in pharmacodynamics are poorly under- 
stood. Sensitivity t o  drugs is thought t o  be increased in some cases e.g. those acting 
on the central nervous system and anticoagulants but  respotisiveness is decreased with 
other drugs such as beta adrenoceptor blocking drugs and agonists. 
In the present work we have examined the pharmacokinetics of labetalol in the elderly 
and in addition have examined the blood pressure lowering and renal hacrnodynamic 
effects of  this drug in eldcrly hypcrtcnsivcs. In order t o  carry o u t  this work we initially 
liad to  devise an assay for the drug and we dcscribe this also. 

Assay of Labetalol 

Most published studies in which nicasurcnicnt of plasma labctalol conccntrations have 
been crnploycd have used a spcctrofluoro~netric tecliniquc [ I ] .  More recently a high 
perforrnancc liquid chrornatographic assay for  labctalol has been described [2]. Since 
labetalol cornpctitively antagonizes both alpha and beta adrcnoceptors and since its 
~netabolitcs in man arc inactive [3], a radiorcccptor assay might provide a sensitive and 
specific mcthod for its estimation in biological materials. We have dcvcloped such an 
assay, bascd on thc ability of labctalol, extracted from plasma, t o  inhibit the binding of 
3 1 - ~  dihydroalprenolol (DkIA) t o  beta adrcnoceptors. 
A cardiac nicmbrane preparation served as the sourcc of beta adrenoceptors. A fresh 
slicep's heart was sliced and homogenizcd in 4 volumes of Hanks Balanced Salt Solution 
(IIBSS). The homogcnate was centrifuged at  2 ,000g  for 5 min and the supernatant 
filtcrcd through two laycrs of muslin. l'he filtrate was centrifuged at 30,000 g for 3 0  min. 
l 'hc  resulting pcllct was washed and rcsuspcr~dcd in HBSS. 'I'his was then divided and 
placcd in glass screw-capped bottles. All the above steps were carried o u t  a t  4 OC. The 
stock preparations wcrc storcd at -80  "C and remained usable for a t  least 6 months. 



Samples of plasma (0.5 ml or 1 ml) were made alkaline by adding an equal volume of 
~ i o r n ~ a l  ammonia solution and labetalol extracted by shaking with 5 ml diethyl ether 
for 1 0  niin. 'The specimens were centrifuged t o  separate the phases, 4 ml of the organic 
layer re~iioved arid evaporated t o  dryness in glass conical bottomed tubes. Dried extracts 
were reconstituted with 300111 of IIBSS and used directly in the binding assay. T o  each - 
tube were added 1 0 0 ~ 1  of HBSS containing 0.6 pmole of DHA (102 Cifmmole) and 
1 0 0 ~ l  of IlBSS containing 1 0  mg cardiac membranes. These amounts were chosen to 
result in binding of 10-20 O/o of added radioactivity, producing of the order of  4,000 
countsfmin in the zero calibration standard. Tubes were vortex-mixed and incubated a t  
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Fig. 1 
Binding of 3t1 DHA to car- 
diac membranes versus con- 
centration of labetalol in 
plasma (Ref. 1301). 

room teniperature for 30  ~ n i ~ i .  'fhe incubation was ended by  adding 2 ml ice-cold buffer 
with ilnmcdiate filtration through Whatman GFC filters. After washing, the radioactivity 
in the filters was detcrnlincd by liquid sci~ltillation c o u ~ l t i ~ i g  in a 'l'riton X100ltoluence- 
based cocktail. Calibration standards containing labetalol in the concentration range 
0-400 nglml were carried through the same procedure o n  each day and a typical cali- 
bration curve is illustrated (Fig. 1). All samples were assayed in duplicate. The useful 
range of the assay was 5-400 ng/tnl using 0.5 nll plasma specimens. 

Labetalol Pharmacokinetics in the Elderly 

Labetalol is subject to  presystemic metabolis~n by the liver [4]. Its oral bioavailability 
accordingly varies widely with resulting large variations in blood concentrations after 
oral administration [5,  61. We have examined the effects of age on the bioavailability 
and eli~nination of labetalol. 
Observations were made in ten, drug-free mild-to-moderate hypertensive patients. The 
s t i ~ d y  had previously been approved by the llospital Ethics Committee and each patient 
gave informed consent. Labetalol was administered t o  each person o n  two occasions, 



otrcc orally ant1 oncc intravcrrously. 'I'lrc tluscs wcrc ad~ni~i is tcrcd i l l  ra~rdorn order, 
scoaratcd by at lcast one wcck. 'l'lrc oral dosc was 200  rng except in tlrc two oldest and - 
ollc young subjcct, wlrcn 100  riig was given. 'I'liree subjects rcceived an intravenous dose 
o f  1 riiglkp arrd 0.5 ~riplkg was pivcn to tlrc rc~riairring seven. Dlood satnples for estirna- 
tion of plas~rra labctolol concentratio~is wcre taltcn over a period of 11 hours follow- 
ing atl~~rinistration of tlrc drug. 'I'lrc plas~na specirneris were stored at  -20  OC prior t o  
assay I)y tlre radioreccptor nrctlrotl clcscribcd above. Iirorn ilrc results for caclr patient 
\rere calculatcd tlrc clirrri~ratior~ half life of  labctalol by lirrcar lcast scluarcs regression 
:i~ialysis o f  tlrc tcr~riilral part of tlrc log co~rcc~rtratio~i-tinic grapli arid tlic arca under tlie 
~~lasriia co~iccrrtratio~r-ii~rrc curvc by tire rraliczoitlal rule. I'lasr~ia clcarancc was calculated 
I)y tlivitli~i~: t11c itrtravc~ious (lose by tlic arcn uridcr the plas~na co~iccntratioti-ti~ric curve 
cxtral)olatctl lo i~rfitiity (CI = I)OS13/AUC_). .l'lic apparelit volunic of distribution was 
c;~lcularcd as \Id = (:I x ~ ~ ~ ~ 1 0 . 6 Y 3 .  I$io:~vailability was calculatcd froni tlrc ratio of thc 
:lrcas u~rtlcr tlic orid alrd ~ I I I ~ ~ V C I I O I I S  l~lasnra conccr~tration-tirnc curves, cxiral)olated t o  
i~rfini ty ant1 corrcctcd lor tlosc cliffcrcnccs. 

Fig. 2 

Plasnia conce~itratio~is of labetalol 
after oral adrilitiistration of 200 mg. 
'I'ypicd results from one subject 
(Ref. 1301). 

A typical graplr o f  plasnra concentratiu~rs o f  labclatol a t  the various tirlres after admini- 
stration of 200 mg orally to  one sul>jcct is slrowri (Fig. 2). 'l'ypically, peak co~icerrtrations 
wcre obscrvctl at bctwccn 0.5 and 2.5 lrours after oral adnrinistration of labctalol arid this 
did not clrange witlr apc. 111 tlic seven paticrrts who rcccived labetolol 200 mg, peak plasma 
corrccntratio~rs varied fro111 6 3  ngl~rrl to  3 5 1  nglnrl and peak concentratio~is incrcascd 
witlr age (r  = 0.87, p < 0.05). Labctalol bioavailability varied froni 8.9 % t o  68.4 % and 
was also sigtrificantly related to  agc (sce Fig. 3; % bioavailability = 0.78 + 0.81 age, r = 
0.7, p < 0.05). 
'I'hc mean volunic o f  distribution o f  labctalol waq 7.7 + 1.1 Ilkg s.e.ni. (range 3.2-13.7 
Ilkg) and was not rclatcd to age. 'l'lrc nicatr clcarancc overall was 22.4 + 3.5 nillrninlkp 
(range 8.8-41.8 ~ i l l /~ i l i~ l /kg) .  Clearance tended to bc lower in elderly people. 'l'lic rncan 



Fig. 3 
Bioavailability of labetalol at various ages, 
the line o f  best fit (Ref. 1301). 
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clearance in younger subjects (aged less than 6 0  years) was 28.3 ? 5.5 mllminlkg and in 
older subjects (aged greater than 6 0  years) was 16.4 + 2.7 mllminlkg. Elimination half 
life varied from 3 .5  hours t o  4.9 hours and increased with age (halflife = 2.62 + 0.026 
age; r = 0.73, p. < 0.02). 
Labetalol is a high 'first pass effect' drug demonstrating large variability in peak plasma 
concentrations and bioavailability after oral administration. Advancing age is associated 
with increases in peak plasma concentrations and bioavailability and a decrease in the rate 
of elimination of the drug. 
For most metabolised drugs, age-related changes in elimination rates show n o  consistency. 
There are clear age associated effects for some bu t  n o t  for others [7]. Drugs subject t o  a 
high first pass effect, however, tend t o  show a fairly consistent age-related pattern. For 
these substances, the ability of he liver t o  extract the drug from blood is so high that the 
kinetics are determined by how quickly the drug is delivered t o  the liver [ 8 ] .  Age related 
decreases in portal blood flow [9] together with possible decreases in rates of hepatic 
metabolism may contribute t o  a decreased first pass efficiency in the elderly. This is 
commonly seen as an increased bioavailability, previously reported for  chlorrnethiazole 
[ l o ] ,  propranolol [ l l ]  and lignocaine. Labetolol then is n o  exception in that we have 
shown a pronounced age-related increase in its bioavailability. This is accompanied by 
decreased elimination of the drug. Changes of the magnitude found by us could result in 
greatly altered plasnia concentrations of labetolol in the elderly. It would seem prudent 
then t o  administer labetalol in smaller doses t o  older people. 

Hypertension in the Elderly 

There are few data on which t o  base therapeutic decisions in hypertension in the elderly. 
Thiazide diuretics are effective in lowering blood pressure in the older hypertensive pa- 
tient but  long term use may be associated with a significant decrease in glucose tolerance, 
a rise in serum uric acid levels and serum creatinine, and a fall in serum potassium [13] .  
The blood pressure lowering effect of beta adrenoceptor blocking drugs in the elderly 
has no t  been well studied, and the possibility that  they might have an adverse effect o n  
the renal circulation is of concern. In young adult hypertensives a reduction in renal blood 
flow and/or glomerular filtration rate has been described following non-selective beta- 



adrenoceptor blocking drugs such as propranolol [14] and pitidolo1 [15], when given in- 
travenously, and following oral propranolol [16, 171. Wilkinson e t  al. [18]  have demon- 
strated a reduction in crcatinine clearance with propranolol while they observed n o  
change in patients taking tlie cardioselective agent atenolol. The situation is further 
coniplicated by the findings of Ilollenberg and colleagues [19]  who sl~owed an increase 
in renal blood flow after intravenous administration of  nadolol - a non-selective beta- 
adretioccptor blocking drug. Recently 'l'extor and collegues fourid that in chronic use 
nadolol did no t  change renal blood flow [20]. 
In order to assess tlie possible role of beta-adrenoceptor blocking drugs in the manage- 
r~icrit of liypertcnsion in the elderly we undertook t o  study the effects of labetalol - a 
IIOII-sclectivc beta-adrerioceptor b l o c k i ~ ~ g  agent with alpha-blocking activity - both for 
it's blood pressure l o w e r i ~ ~ g  effect arid ior  any action it might have o n  renal circulation 
in elderly hypertensives. 

Patients and Methods 

Nine elderly arid nine young outpaticnts with untreated essential hypertension were 
studied. Ilypertension was defined as a diastolic blood pressure greater than 9 5  mmHg 
(phase 5 )  on each of three successive outpatient visits. Elderly was defined as 65  years of 
age or older and the young were 5 5  years of age o r  less. The age of the elderly group 
ranged from 65  t o  8 5  years (mean 78); tlie younger patients ranged from 22 t o  55 years 
(tiiea~i 40). Patients were excluded if they had the usual contraindications to  betaadreno- 
ceptor blocking drugs, a recent myocardial infarction o r  liver disease. Those with raised 
blood urea nitrogen o r  scrum creatinine were also excluded. Baseline blood urea nitrogen, 
serum creatinine and serum electrolytes were carried o u t  in each patient prior to  entry 
into tlie study and at  the end of each treatment phase. Blood pressure was measured using 
a standard spliygmomano~iieter and heart rate was measured from tlie pulse rate for  30 
seconds. Mean arterial blood pressure was calculated as one  third of pulse pressure plus 
diastolic pressure. 
/\I1 patients were started on labetolol 50  nig orally twice daily. The dose was doubled 
at weekly intervals until the diastolic pressure was lowered to o r  less than 9 0  mml-lg or  
was reduced by 15 n i~nl lg ,  o r  until a rnaximuni daily dose of 1 g labetalol was reached. In 
all cases the  appropriate blood pressure response was observed a t  doses below the maxi- 
nlum dose. Following this dose finding phase patients were entered into a raidomised 
double-blind placebo-controlled trial, each phase lasting for 12 weeks. 
Patients received the pre-determined dose of labetalol o r  appropriate placebo tablets. At 
the end o f  each 1 2  week period glonlerular filtration rate and effective renal plasma flow 
were estimated using plasma clearance of intravenously injected Cr ED'l'A and 12' 1 
hippuran respectively. A single injection technique was employed, using 30vCi of each 
isotope in 8 nil of normal saline. Venous blood samples were taken a t  intervals after the 
irijcction (5 ,  10, 15 ,  20, 30 ,40 ,  50, 6 0 , 8 0 ,  100, 120, 140, 160 and 180 minutes). Cle- 
arance values were calculated using an open two-compartment model [21]. The values 
obtained for G F l i  and effective renal blood flow were then corrected t o  1.73 m Z  body 
surface area. Effective renal plasma flow was corrected for a simultaneous haemacrit t o  
give effective renal blood flow. Data are presented as mean + the standard error of the 
mean. Statistical comparison is by Student t-test, paired or unpaired as appropriate. 



Results 

Data for both supine and standing blood pressure are given in Table 1. Baseline data in 
tlie two age groups were different; in the elderly group supine mean arterial pressure was 
Iiigher, the mean systolic pressure being 3 1.5 higher and diastolic 6.4 mmHg higher in the 
elderly. 
L.al>etalol lowered supine blood prcssure in all patients. In the elderly group supinc mean 
arterial prcssurc fcll by 17.1 f 2.1 ~~ i r i i l l g  (I' < 0.001), the systolic pressure falling by 
21.8 f 7.4 rn~nl lg  ( I > <  0.001), and the diastolicprcssure by 14.8 + 2.1 mnil.lg (P < 0.001). 
lri thc young group supinc mean arterial pressure was reduced 13.7 f: 2.5 mmHg ( P  <0.001), 
tllc systolic pressure fnllirip by 17.4 k 3 . 9  ~iinl l lg (P < 0.001) and the diastolic prcssure 
by 12.0 rf 2.1 n i~n l  lg (P < 0.001). There was considerable variability in daily dose of 
labctalol required to get the desircd blood prcssure effect, but tliere was n o  significant 
difference in tlic daily nican dosc for tlic elderly group (388.8 f 58.8 mg) and the young 
group (266.7 + 33.3 mg). 
I lcart ratcs for cacli age group were ~ i~ l i i f ican t ly  lowcrcd. 'l'hc elderly group heart rate on 
~)laccbo was 75.0 f 4.3 cornpared to 70.7 f 4 .0  per minute 011 labetalol (P < 0.02). In the 
young lieart ratc fell from 74.1 f 2.2 to 68.5 f 2.5 beats per minute (P < 0.01). 
Average glomerular filtration rate ('l'able 2) on placebo was 87.9 f: 8.2 in the young and 
62.6 f: 6.3 mIlmin/1.73 ni2 in the elderly (P < 0.001). The average effective renal blood 
flow on placebo was 652.9 + 68.0 in the young group and 469.0 f 53.3 mllmin11.73 mZ 
in the el(ler1y (P < 0.001). 
'I'herc was no significant change in either effective renal blood flow or glolnerular filtra- 
tion rate with labetalol. Following the 12 week course of labetalol mean glornerular 
filtration ratc was 97.6 f: 7.1 in the young group and 60.2 f 4.2 ml/minl1.73 ni2 in the 

7'Rhle 1:  Blood Pressure, Supine and Standing, on Placebo and Labetalol 

Supir~e 

Ulood Pressrtre nrt~tlfg Yoring Elderly 

Placebo 113.4 + 3.1 128.2 5 4.0 
Mean arterial 

Labetalol 99.7 t 2.5 111.1 + 3.7 

I'lacebo 
Systolic 149.2 t 5.6 

180.7 -C 9.0 
Labetalol 131.8 t 5.0 158.9 t 8.9 

I'lacebo 
1)iastolic 95.6 t 2.1 102.0 -+ 2.4 

Labe talol 83.6 + 1.5 87.2 ? 1.8 

Stallding 

Meall arterial Placebo 113.7 +- 3.2 126.6 t 8.1 
Labetalol 100.2 + 2.1 108.0 t 12.3 

I'lacebo 
Systolic 146.9 i 5.5 176.4 t 7.9 

Labetalol 132.6 + 4.6 152.3 t 8.0 

Placebo 
L)iastolic 97.2 i 2.4 101.7 + 2.4 

Labetalol 83.7 i 1.7 85.9t  3.1 

Values are mean i Sl'M 

136 : 



7hble 2: Renal Ilac~nodynamics o n  Placebo and Labetalol 

lFotrng Elderly 

Placebo 87.9 ? 8.2 62.6 2 6.3 P < 0.001 
Lal)etalol 97.6 ? 7.1 ----------I 60.2 ? 4.2 

Values are Inearl + SIChl 

cldel.ly group, while effective renal I>lootl flow was 656.1 + 35.9 in the young group and 
385.4 2 42.6 nil/n1in/1.73 m2 in the elderly group. 
Ncithcr serulii creatinine or  blood urea nitrogen were significantly altered in either group 
during labetalol thcrapy. Mean creatinine values on placebo were 88.9 + 7.1 pmol/litre in 
the elderly and 78.6 + 6.7 in the young. Corresponding values o n  labetalol were 90.2 + 
6.2 and 74.1 + 5.8. Mean blood urea nitrogen was 6.3 + 0.6 ~ n m o l / l  in the elderly group 
wllile on placebo compared t o  6.6 + 0.5 during labetalol thcrapy. Corresponding values 
in the young group were 5.6 + 0.3 and 5.5 + 0.2 respectively. 
A postural fall in blood pressure was seen in one elderly patient who was on a daily dose 
of 400 mg. llis supine blood pressure o n  placebo was 170/105 mml-lg and standing 
150/100 mmllg. After three nionths o n  labetalol the corresponding figure were 130180 
and 105168 niml-lg. 

Discussion 

1)oubts have been expressed about the efficacy of beta-adrenoceptor blocking drugs in 
the management of hypertension in the elderly [22]. 'The present results show that labe- 
talol decreased blood pressure in the supine and erect positions in young and elderly 
I~ypertensives. The differences in baseline blood pressure values in the two groups make 
a comparison of blood pressure responsiveness in the two groups difficult. However, in 
both groups the fall in blood pressure was similar; 17.4/12.0 mmHg in the young, com- 
pared t o  2 1.8114.8 mml-lg in the elderly hypertensives. 
hlost [2, 23, 241 but not all [25]  reports indicate that in young hypertensives labetalol 
does not  dran~atically alter renal circulation or function. 'The lack of an effect of labetalol 
on effective renal blood flow or  glomerular filtration rate may be due  t o  two factors - 
the tendency of non-selective beta-adrenoceptor-blocking drugs to decrease effective renal 
blood flow [15, 181 on the one hand and the effect of vasodilators to  increase i t  o n  the 
other [26]. Our findings of unaltered serum creatininc and blood urea nitrogen are in 
agreement with the flow data. Significantly, the elderly had a similar fall in blood pres- 
sure to  thc young hypertensives and in common with them demonstrated n o  adverse 
renal effects. 
It is perhaps surprising that the phar~nacodynamics of  labetalol were similar in our  old 
and young patients. Older people have been shown to be resistant to  a number of effects 
of  beta-adrenoceptor agonists and blocking drugs [27, 291. On the other  hand, and as 
described in this paper labetalol bioavailability increases with age [3O]. It is likely there- 



fore that the similarity of blood pressure and heart rate response in the young and elderly 
,- 

represent the balance between opposing; pharmacokinetics and pharmacodynamic changes 
that occur with ageing, the former tending t o  increase effect with the latter decreasing 
responsiveness in the elderly. 
Renal blood flow decreases with age [ 3  11, and as would be expected we found that base- 
line effcctive renal blood flow and glomerular filtration rate were reduced in elderly 
compared with younger hypertensive patients. It  is important in such patients that anti- 
hypertensive therapy does no t  compromise renal function further. Therefore, the ab- 
sence of a deleterious effect of  labetalol o n  effective renal blood flow and glomerular 
filtration ratc in such patients is particularly pertinent. While we cannot make general 
recommendations on the basis of these results in a small number of patients, it would 
seem that larger studies on efficacy and unwanted effects of beta adrenoceptor blocking 
drugs in elderly patients are worthwhile. 

Conclusion 

Like other beta adrenoceptor blocking drugs, it is possible t o  assay labetalol using a radio 
receptor technique. There is a marked increase in bioavailability of labetalol in the elderly. 
Labetalol is an effective blood pressure lowering drug in the elderly. 
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Discussion 

llorcharri 
You nieasurcd your pliarmacokinetics after acute application. As we know from drugs witti high 
I~ioavailability. after clironic adriiinistratio~i the data could be different. I-lave you measured this? 

0'Mallc.y 
What you say is absolr~tely true. There are vcry significant differences but  we didn't get that informa- 
tion, 1'111 afraid. 

N. N. 
Konnten Sie bitte noch etwas zur Iirklarung sagcn. ob die Bioverfiigbarkeit bei den alteren Patienten so  
stark zugenommcn hatte? Dcr zweitc Punkt ist, wic ist die Eliminationshalbwertzeit der Substanz? 

0 Xfa1le.y 
'Tlicre niust be a decrease ill tlie extraction of thc drug as it goes to the liver, perhaps due to  the 
shunting of blood; I don't know the answer. The half-lives in our study were about 3 hours to  4.5 
Iiours. 'I'l~cre was a positive correlation with age, but  I don't think that it has any clinical significance. 

liai111 
Your renal function studies showed, at  least a tendency to  a decrease in effective renal plasma flow 
witli an unchanged glomerular filtration rate. Tliis would indicate or would be consistent with an 
increase i l l  tlie filtration fraction. Did any of your elderly patients gain weight? 

0 ;t,lalley 
No, they didn't. We see this pattern also with atcnolol, and I really cannot explain why that happend. 
l'liere must be re-distribution. 

IZiethrock, N .  
Die I,eberdurchblutung bei alteren Patienten kann sicli docli nictit so total verandern, da13 die Biover- 
fugbarkeit um etwa das Doppelte ansteigt. llaben Sie die uber 4 Halbwertzeiten gemessen? Resultieren 
daraus Unterschiede? 

0 ;I4alley 
It's possible. We measured for al)out 3 Iialflives, about 12 hours. 'I'he question of liver blood flow. 
I tliink, would probably explain differences in clearance, as systemic clearance does fall as a function 
of age. 'I'his wasn't very dramatic in the case of labetalol. When one refers to  the f i s t  pass metabolism 
we are really concerned witli portal blood flow and extraction by the liver. I think, there is sonic 
strange thing happening with extraction in aging. It may have to  d o  witli the distribution of the portal 
blood flow in the liver. 

I l ens i~~ger  
How is labetalol nietabolised and which enzymes must be affected for the first-pass effect to  be 
reduced? 

O'Malley 
1'111 not  sure. Hydroxylation and glucuronidation. Hydroxylation as such tends no t  t o  change with 
age, o r  doesn't change much with age, whereas glucuronidation tends not  to  change with the age. 
I feel that  blood flow effects rather than enzyme activity are more important with age. For those 
d r u g  with a very long Iialflife and wliosc rate of elimination does riot depend on liver blood flow, it is 
difficult to  show mucli change in systemic clearance. 'l'he really dramatic changes occur in those drugs 
whose elimination depends on liver blood flow. l'hat seerns to  be a flow pllenomenon rather than 
a drug metabolising phenotnenon. 

Hietbrock, I .  
t l a l~cn  Sie die Verfiigbarkeit von Saucrstoff gcnicssen? Wir liaben gcsehen, daR, wenn die Vcrfugbarkeit 
v o ~ i  Sauerstoff ~iiclit Iiocl~ gc11ug ist, [lie I l x t r a k ~ i o ~ ~  abli i~i i~nt .  Und damit k o ~ l n t c  die Uiovcrfugbarkeit 
a~isteigen. 



O 'Alallcy 
No. we clid not measure oxygen. Col~ld you explain this study t o  me? 

ll irt brock. I .  
Wir habcn eine~i  Katlieter in eine Lebcrvc~ic gesclioben und liaben die Saucrstoffextraktion zwischen 
nrtcriellc~ii und veniisem lllut geniessen, und wir liaben diese in Ueziehung gesetzt zu der Extraktion. 
Wir liaben nicht Lahctalol. sondern andere Substatizen genommen. Es bestelit eine enge Ueziehung 
zwischen der Extraktion u ~ i d  der Verfiigbarkeit von Sauerstoft. 1st niclit geniigend Sauerstoff vor- 
Iianden, so sitikt die hlctabolisierung bei alteren Patienten ah. 

0 Xlallejr 
Could both of these problems I)e linked by shunting, i.e.. if the liver blood flow was shunted, so  that 
oxygen was not  available for extraction, the drug is also riot available for extraction? 'I'liat may not  
explain everythi~lg, but  it may contribute. 

I<ncb 
I propose a very si~iiple explanation. Was there a liigli proportion of heavy drinkers in your material? 
Alcohol in geriatrics is tlie most cornnioti reason for raising the bioavailability. 

0 'nlalley 
I tliink that is u~ilikely in tlie oltler people. Alcohol is usually consumned before they become old. I 
would expect that would be a potential proble~n perhaps i r i  tlie younger patients but not  in the old 
patients. 'l'liese are relatively healthy old patients with ~iornial liver function tests. 

I<ocb 
We did a similar renal study in younger people and we saw a reduction of both glomerular filtration 
rate and renal blood flow by about 8 t o  10%. 

0 ;\4l1lley 
Was that chronic treatnle~it? 

liocb 
No, that was acute. Single doses. 

0 >\lalley 
I tlii~ik o ~ i e  lias t o  be very careful allout cxtrapolatioli from single dose t o  chronic dose. 

lleiriicke 
Are we discussi~ig a proble~n which really does riot exist? You only had three young persons, and 
you cor~cluded that all young persons have a low bioavailability. 

0 'hfnlley 
l'liere were in fact five young people, but I take your point. the group was very small. We d o  the 
cut-off 1)elow 55. 1'111 not dependi~ig only on this study. It lias been well demonstrated that pro- 
pranolol, chlormetliiazol, lignocaine, and many other drugs with high first-pass-metabolism are af- 
fected in this way. I'm leaning as much on that evidence as on  these small numbers. 


