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CLINICAL RESEARCH

Mechanism of antihypertensive action of ketanserin in man

[ W REIMANN, ] C FROLICH

Abstract

A randomised double blind crossover muly was carried
out to whet antago-
nm with an antihypertensive action o animals, has an
fect in man.
Study state plasma ketanserin concentrations (mean 88
(SD 19) ug/1) and cardiovascular responses measured in
five healthy volunteers showed that therapeutic doses of
the «, receptor

mediated increase in arterial blood pressure after treat-
ment with methoxamine.

Thus the action of n man
appears to originate from a blockade of perlpherll
vascular 1, receptors.

Introduction

Ketanserin, which is under intensive clinical investigation for
its antihypertensive cffect,' > potently displaces the ligand tri-
tium labelled spiperone from 5-hydroxytryptamine type 2 re-
ceptors* and is thercfore characterised as a highly specific
serotonin antagonist at 5-hydroxytryptamine type 2 receptors.
As the effects of serotonin on the cardiovascular system are

drowsiness, point to central actions of this drug, only one study
of ketanserin given intracerebroventricularly has been reported
and this did not show a reduction in blood pressure. In
addition to its type 2 ketan-
serin also has =, adrenolytic activity in solated blood vessels.'*
We therefore carried out a study to determine whether ketan-
serin has =, antagonistic effects in man.

Patients and methods

Five heaithy volunteers (two men and three women, one of whom
was a smoker) aged between 23 and 35 years participated in the trial
after giving written informed consent. The study, which had been
approved by the cthics committee of the Robert Bosch Hospital, was
carried out in a double blind randomised crossover fashion. Dose
response curves to methoxamine were established on two different
occasions separated by at least one week, once during infusion of
ketanserin and once duning infusion of saline.

With the subjeces in the supine posiion blood pressure (using 3
Riva-Rocci sph, ) and heart rate were measured at
five minute intervals during a 30 minute equilibrium period. Sub-
sequently, each subject received on one occasion a 10 mi bolus injec-
tion of saline (three minutes) followed by an intravenous infusion of
saline (30 ml in 3 hours) and on the other occasion a bolus injection
(three minutes) of 0-15 mg ketanserin kg in 10 ml saline followed by

complex, with in some and

other vascular beds,s and 55 there is only indirect evidence for
the existence of 5-hydroxytryptamine type 2 receptors in vas-
cular smooth muscle* the assumption that serotonin antagonism
at peripheral vascular 5-hydroxytryptamine type 2 receptors is
the of ketanserin’s action is open
to question and may represent only one of several possibilitics.
A physiological role of serotonin in centrally mediated regula-
tion of blood pressure is being debated.’ ** Although some
adverse effects of ketanserin, such as dizziness, sedation, and
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an infusion of 12 mg ketanserin in 30 ml saline (Janssen
Pharmaceutica, Beerse, Belgium) in three hours. After 30 minutes’
infusion of ketanserin or saline steady state concentrations were
achieved and methoxamine hydrochloride (Vasoxyl, Burroughs
Wellcome, Research Triangle Park, North Carolina, USA) was
injected (15 second bolus) in a fixed dose sequence of 05, 10, 20,
40, and 6:0 mg dissolved in 2 ml saline at 30 minute intervals. After
each injection of methoxamine blood pressure and heart rate were
at one minute intervals for the first five minutes after
injection and at five minute intervals during the next 25 minutes
until the next higher dose of methoxamine dose was injected. Before
and at 30 minute intervals after the infusion had been started blood
samples (10 ysis of plasma concentrations of
ketanserin: blood was collected from the arm opposite the infusion
site via an indwelling butterfly needle flushed with heparin in salinc.
After centrifugation plasma samples were frozen in 5-6 ml aliquots
and stored at - 20°C. Ketanserin analyses were performed as des-
cri
Blood pressure and heart rate are expressed as means (SD of the
values obtained within the first three minutes after methos
injection. Mean arterial blood pressure was calculated as diastolic
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Discussion

This study clearly shows that ketanserin has an a, anti-
adrenergic action in man. Earlier studies of receptor binding
with binding sites isolated from rat hrain showed ketanserin to
have an affinity to 1, adrenergic receptors that was, however,
only about a fifth of that for 5-hydroxytryptamine type 2
receptors. ' Thus interest focused on the 5-hydroxytryptamine
type 2 receptor antagomism as the mechanism of the anti-
hypertensive action of ketanscrin. The effect of serotonin on
vascular smooth rnusck is difficult to predict; it depends on
species, type of tissue, vascular beds, and basal vascular tone.*
e effects of intravenously miccied serotomn in man are by
no means uncquivocal, as shown by Hollander er al.* In 20
normotensive and 35 hypertensive subjects serotonin given in
intravenous doses of 0-25-20 mg produced definite but variable
pressor, depressor, or biphasic cfiects on arterial blood pressure.
Thus it is difficult to explain the stable reduction of blood
pressure observed in animals'® and clinical studies' * after
administration of ketanserin solely on the basis of serotonin
antagonism. Furthermore, recent studies in rats have provided
evidence in favour of =, receptor blocking properties of ketan-
serin. Fozarg™ showed that in the pithed rat vasoconstriction
in response to s by
ketanserin whereas the pure serotonin antagonist BW 301 Co7
had no effect, although the doses of the latter were equivalent
to those of ketanserin in producing a substantial blockade of
serotonin receptors. Kalkman'* showed that s, receptor mediated
increases in blood pressure were similarly reduced by prazosin
and ketanserin, whereas neither substance changed the =,
adrenoceptor mediated responses to B-HT 920. Consequently,
the hypothesis that the antihypertensive action of ketanserin
is based on a blockade of peripheral vascular 5-hydroxytrypt-
amine type 2 receptors is not yet supported by reliable evidence.
From the results of our study we conclude that ketanserin
shows x, adrenoceptor blocking properties in man at plasma
concentrations that ar normally obtained under therapeutic
conditions. The antihypertensive action of ketanserin may thus
be caused by its 3, adrenoceptor antagonism.

Ketanserin ampoules were kindly supplied by Janssen Pharmaceuti-
ca, Beerse, Belgium. We Mrs H Stuber and Mrs P Kopp for
performing ketanserin analyses and Mrs B Grozinger for preparing
the manuscript. The study was supported by the Robert Bosch
Foundation, Stuttgart, Germany.
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ONE HUNDRED YEARS AGO  The throwing open of the
competition for the designs of the new War Office and Admiralty has
doubtless caused a flutter of excitement amongst architects of every
degree. We note that of the judges of designs to be appointed by the
Commissioners of Works, one, at least, will be an architect. Is it too
much to hope that there will also be placed on the committee s
medical man of experience in hygiene and a sanitary engineer ? In the
conditions of competition, 1t 15 indeed laid down that “particular
attention must be given to the general sanitary arrangements,” which
intending competitors will infallibly take to mean that the drains
must not be forgotten, that the water-closets must be sufficient in
number, and reasonably inodorous, and that the sewage must at any
rate have somewhere 10 go to. But "'sanitary arrangements” in a pile
of buildings such as is contemplated means much more than this;
and if there were sanitary experts on the committee of judges—say,
for instance, Dr. Buchanan, the chief medical officer, and Sir Robert
Rawlinson, the chief sanitary engineer of the Local Government
Board, whose services woul nothing—we_might fecl some
confidence that the hideous blunders of the new Government offices
in Parliament Street would not be repeated. “Sanitary arrangements”
1n reality in
the disposition of the rooms as regards light and ventilation, the area
and height of the rooms, the position and construction of the staircases,
and other details that may affect very importantly the health and
comfort of the inmates. Government officials, even if they be not the
hardest worked of beings, have the right to demand reasonable
comfort in their work. Moreover, it is a positive economy to the State
10 keep them in good health, since in their absence their duties must of
necessity be provided for. In the new Government offices every-
thing—light, ventilation, and other trifies—was sacrificed to an
imposing fagade; and as to the drainage, that was a matter not
dreamt of in the architect’s philosophy. Experience does not, un-

m 10 teach in the same bitter
mmon that 1t does less-favoured mortals who have only their own |
moncy to play with; and it may therefore be useful once more to
point the moral of the previous Board of Work's undertaking of this
kind, and to insist upon the necessity of the plans being critically
examined by experts in sanitary science. (British Medical Journal,

33i1:591.)

Correction
Protective effect of vitamin E (pL-alpha-tocopherol) against
in babies

or surgical depletion of brain serotonin in_the hyper-
tensive rat. Clin Exp Hypertens 19813 953-73.
* Krsuc MK, Dyurkovic D. Comparison of the cardiovascular responses to
of trypamine,
amine, tryplophan and 5-hydroxytryptophan in rats. Arch Int Physiol
Biochim 1981:89.385-91
i McCall RB, Humphrey S). Involvement of serotonin in the central

Two ctron occurred i the rt senence of the aburact of chis paper by Dr
M L Chiswick ef al (9 July, p 81). The sentence Forty
four babies, of less than 37 weeks' gestation, were ner Tandomly given

0 mg ke vitamin E (pL-a-tocopherol acetate) intramuscularly sfter bren
(day 0) and on days 1, 2, and 3 or served as controls.”
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no significant clnnlﬂ in blood pressure occurred after dom of 0°5-
4 uri Ketansers

with the infusions of saline for ketanserin were analysed for signifi-
cance by paired Student’s  test. A probability level of p- 0-05 was
presumed to refiect significance.

Results

Ketanserin caused a shift to the right in the response of mean
arterial blood pressure to increasi of the 1, adrenoceptor
agonist methoxamine (fig 1). The mean arterial blood pressure during
the control periods of saline and ketanserin infusion were slightly,
but not significantly, different (94-1 (SD 91) v 90-0 (SD 4-1) mm Hg
(6g 1). Wheress during saline infusion the mean arterial biood
pressure increased, depending on the dose, from 94-1 (SD 9:1) mm Hg
10 110-6 (SD 15-1) mm Hg with increasing doses of methoxamine up
10 4 mg there was no increase in mean arterial blood pressure with this
dose during ketanserin infusion. Only at the highest dose of 6 mg did
the mean arterial blood pressure rise from 90-0 (SD 4:1) to 98.7 (SD
8:8) mm Hg during ketanserin infusion. This dose was not, however,
given during saline infusion because of the adverse cffects—such as

d (<3

- Table |

blood pressure in cach subject with increasing doses of methoxamine
during saline or ketanserin infusion. There were significant differences
in the changes in mean arterial blood pressure at all dosages when the
results for the saline and ketanserin infusions were compared, even
though at the lower two doses of methoxamine the differences in
pressure were (00 small to be interpreted. At the 4 mg dose of methox-
amine the mean arterial blood pressure response during saline infusion
was about 30 imes higher than that during ketanserin infusion (table
1). During saline infusion systolic and diastolic blood pressures were
unchanged after 0-5 and 1-0 mg doses of methoxamine but rose sharply
and significantly after the 2 mg and 4 mg doses (table 11). By contrast,

TABLE 1—Changes in mean arterial blood pressure (mm H) induced by doses
of methoxamine during saline or ketanserin infusion

Methoxamine dose (mg)

Cue
& s o 70 w X
Saline nfuion

' 02 73 30 .

H 0% 3 tH

H 56 i Y

: I 50 a3

3 iz i3 9

Mean (SDY Sdaa  edan  isswee

Ketansersn nfunon

' e 00 09 104

H i3 29 13 33

3 13 35 “ &t

H Sa 38 bed 10

3 o2 ot 33 o2
pansD) T 03em  0dwsn fean
Sigmbicance ot
aiference
Infumans (Stwdents .
Pared i 50001 o000 peoo0s

“Not given to volunteers during saline infusion because of side effects.

mg in in infusion. A signi-
feant increase in mean disstolic blood pressure from 77.5 (SD 4 5)
10 847 (SD 9-3) mm Hg was observed during ketanserin infusion
only with the 6 mg dose of methoxamine. Whereas mean systolic
blood pressure increased significantly from 1178 (SD 112) to 1280
(SD 9'8) mm Hg after 2 mg methoxamine during saline infusion,
even 6 mg methoxamine did not cause a significant increase in
systolic blood pressure during ketanserin infusion.

Methoxamine produced significant decreases in heart rate at all the
doses given in this study after infusion of saline as well as ketanserin.
The fall in heart rate was, however, less during ketanserin infusion,
except with the 05 mg dose of methoxamine. The difference betwee:
the fall after ketanserin infusion and that after saline infusion reached
significance (p<0:02) only for the 4 mg dose of methoxamine
(fig 2)

e three minute intravenous bolus injection of 0-15 mg ketanserin/
Xg followed by a continuous infusion at the rate of 4 mgh resulted in
steady state mean plasma k in concentrations of 883 (SD 19-1)
/. No significant differences could be observed between the plasma
Ketanserin concentrations measured at 30 minute intervals during the
three hours of the study (ble 1.

Mean
ateral 100, l
oressure e
Cmmug )
b
80

Cowa 05 10 20 40 8O
perod Methaxomee (mg rtravenousty )
FIG 1—Mean arterial pressure in response 10 increasing doses of
methoxamine in_five healthy volunteers given saline (: — )
@) infusions. B SDs. **p< 001,

%0
O seine
«- o <002
% Decrease etonse
n heart rate 30
2
©
05 ) 20 )

Methosamine (mg)
711G 2—Mean decrease in heart rate induced by methoxamine (expressed as

. of control rate) during intravenous infusion with saline and ketanserin
in five healthy volunteers. Bars represent SDs.

TABLE (1—Mean (SD) plasma concentrations of ketanserin and cardiovascular responses 1o intravenous injections of methoxamne during infusions of ketanserin and
5

saline (n=
Comrer Doses of methoxamine mg) (minutes after start of infusion!
Infuion period 0500 10 60 20900 4oaz0) 501500
Svitohc blood pressure mm Hz.
nrsu 2 sy 11920100 1280 Quiees 3saTens
142 62 s s mzaw o n2s @e ERIEY
Diastobc blood pressure cmm He'
Saline. M9 (92 91 @n 824 %6 933051
Ketanserin 779 45 768 (701 77 60 93 72 [PERCE T
Heart rate (beatsimin)
Saine saaci0e 628 @91er ' 546 76" 0 B
Ketanserin 00100 s5s 00 624 BE sleiome samU000 we e
Plasma ketanserin concentration (g |1

Ketanserin wore 8020177 w76 ine wogzon w7 ige

Significance of difference compared with control observations |Student’s paired ¢ test

P +005. **p <001, ***p + 0001
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Acyclovir prophylaxis against herpes virus infections in
severely immunocompromised patients: randomised

double blind trial

I M HANN, H GPRENTICE, H A BLACKLOCK, M GRROSS, D BRIGDEN, A E ROSLING,
C BURKE, D HCRAWFORD, W BRUMFITT, AV HOFFBRAND

Abstract

Twenty patients undergoing allogeneic bone marrow
transplantation and 39 patients receiving remission in-
duction chemotherapy for acute leukacmia were entered
into a double blind, placebo controlled stratified trial of
acyclovir prophyhxll unlnn herpec group virus infec-
tions. Within
5 mg/kg mm daily given lhr\m‘hon( the period of
ropharyngeal
herpes simplex virus infection comp.red with a 50%
incidence in the placebo arm (p 0033). The

Introduction

Patients with bone marrow failure either as a primary condition
or after intensive chemotherapy or radiotherapy or both have
2 high incidence of herpes virus infections owing to reactivation
of latent virus.' * Usually these are superficial—for cxample,
oropharyngeal and oesophageal for herpes simplex virus or in
cutancous dermatome distribution for varicella zoster virus.
These severely immunocompromised patients, however, fre-
quently fail to contain the infection, which leads to dissemina-
tion such as pneumonia or encephalitis for herpes simplex virus
ith

24
group also had fewer days of fever during the trial and
a shorter duration of leukopenia, possibly because of the
prevention of herpes simplex virus infections. There was
a high incidence of herpes infections after the trial in
patients who received either acyclovir or placebo.

In the non-transplant group there was also a significant
reduction of herpes simplex virus infection in the oro-
pharynx and oesophagus (two out of 19 patients as
compared with 10 out of 20; p - 0-018). Herpes simplex
virus was isolated in the acyclovir arm within a day after
starting the trial in one patient, and the other failure was

and wi [cr varicella zoster virs. In
addition, patients bone m:

high incidence of cytomegalovirus infection (esding to hepatitis)
and pneumonia (often fatal).*

The incidence of herpes simplex virus infections in patients
given bone marrow transplants was roughly 50", in a previous
group of 40 patients in our unit. A report from the Johns
Hopkins unit quotes a figure of 45°,* and from Scattle the
combined incidence of herpes simplex virus and varicella
zoster virus infections was 50°,.¢ The Johns Hopkins Hospital
report emphasised that acute lesions of herpes simplex occurred
in only 14", of patients with a pretrial anti-herpes simplex virus

due to a virus with reduced to acy ina
patient who had had several previous courses of the drug.
The incidence of herpes infections after stopping treat-
ment was low.

The Influence of acyclovir on excretion of Epstein-Barr
virus in saliva in cither group was inconclusive. One

titre of less than 1/8, whereas those with “positive”
serological titres had an incidence of 73°,. This supports the
hypothesis that most herpes simplex virus infections after bone
marrow transplantation are due to reactivation of latent virus.
In a series of 525 transplant recipients in Seattle 12 died with
herpes simplex virus pneumonia and eight with varicella zoster

patient group) a
infection while receiving acyclovir.

Acyclovir provides effective prophylaxis against oro-
pharyngeal and oesophageal herpes simplex virus infec-
ton in severel:
(>1/8) patients. In patients given bone marrow trans-
plants this may have the additional benefit of reducing
the time to recovery of an adequate blood count and the
number of days of fever.

¢ The authors also noted that most herpes
Simplex virus infections occurred within the first month arer
transplantation but that infection with varicella zoster virus
occurred with a median onset of five months and cases con-
tinued to present for three to four years. Cytomegalovirus
infection occurred mainly in the period three to six months
after transplantation, and attempts at prophylaxis with adenine
arabinoside (vidarabine) and treatment with human leucocyte
interferon were unsuccessful.”

Acyclovir (9-[2-hydroxyethoxymethyljguanine) is a
derivative with an acyclic side chain which is preferentially
incorporated into cells infected w-th hzrpes simplex virus and
ific viral thymidine
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Kinave.- Aftr. further phosphorylnuon Meyelovir triphosphate
competes with for

into DNA and inhibits viral DNA polymerase to a greater
extent than host DNA polymerase.” Acyclovir thus has a high
“therapeutic index” and has proved active against herpes sim-
plex virus and varicella zoster virus in vitro, against herpes
simplex virus in laboratory animals, and against herpes simplex
virus and varicella zoster virus in man
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megalovirus do not cade for s speﬂﬁt viral thymidine kinase,
but nevertheless in vitro activity is documented against EB
virus with less against cytomegalovirus.'* "* Therapeutic trials
of acyclovir against cytomegalovirus, EB virus, and hepatitis B
virus are at an early stage.* '

The present study was designed to determine whether a
twice daily infusion of acyclovir 5 mg/kg given throughout the
period of granulocytopenia would prevent infection by the
herpes viruses in immunocompromised patients.
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Patients and methods

All patients entering the allogeneic bone marrow transplantation
programme at the Royal Free Hospital and having a herpes simplex
virus titre of 18 or greater were entered into the trial over 14 months.
The methods and techniques of transplantation were us described. * 1
In brief, all 20 patients received high dose cyclophosphamide and
ot body irradiation using a lincar scecterater before intravenous
infusion of marrow from HLA-mixed leucocyte culture compatible,
or minor mismatched, sibling donors. There were four patients with
acute myeloid leukaemia and six with acute lymphoblastic leukaemia
in the placebo arm. and six with acute myeloid leukaemia and four
with acute lymphoblastic leukaemia in the acyclovir arm (tablel). All
patients were nursed in reverse barrier isolation.

Similarly, all patients admitted for induction of remission of acute
leukaemia were entered into the trial if they had & herpes simplex
virus titre of 18 or greater and a creatinine clearance exceeding 30 ml/
min. Two patients were incligible because of impaired renal function.
Forty patients were entered into the trial over 15 months, and one
withdrew. There were 15 patients with 2cute mycloid leukaemis and
five with acute lymphoblastic leukaemis in the placebo arm, and 12
with acute myeloid leukacmia and seven i acute Iymphoblastic
leukaemia in the acyclovir arm (see table ).

After informed consent was obtained patients were allocated at
random o receive acyclovis or placcbo. Randomisation was stratified
into two group: geneic transplant ts and acute leukaemic
non-transplant recipients—by using a computer generated table of
random numbers, which produced approximately equal numbers in
each group of each stratification. The freeze dried sodium salt of
acyclovir or equivalent placebo was dissolved in 100 ml isotonic saline
(09", wt/vol) and infused (usually via an indwelling central venous
Hickman catheter) over one hour. The dose of acyclovir used was
5 mg kg body w:i;hl cvery 12 hours given throughout th period of
neutropenia (neutrophil count - 1.0~ 10*1). Al p ere ex-
amincd daly nder pind conditions by resdent sufl and any lesions
record

Urine specimens, throat swabs, and perioral swabs for viral sur-
veillance were taken twice weekly from all prients lhmu‘hou( the
trial. All possible viral lesions were culturey ¢ or alternate
day basn. All of these specimens were g “ppropriste vira
transport medium and immeds inoculated on to monolayer tissue
cultures of human embryo hung cels in (et tubes, The culrures were
examined daily for 1421 days. Viruses were identified by their pautern
of cytopathic effect and by neutralisation tests for herpes simplex

worcscent antibody staining s wsed 0 identify cyromegalovirus
Pretrial and post-trial scra were examined in parailel for a change in
titre using a standard complement fixation test. Saliva specimens
were taken weekly and cultured for EB virus using a modification of
the method of Golden et al."

An active herpes simplex virus infection was considered to have
occurred when a patient developed mucosal ulceration or vesiculation
from which the virus was isolated. When infection occurred the
patient was treated with acyclovir 5 mg kg eight hourly for five days.
The diagnosis of cytomegalovirus infection was made when the
typical clinical features (hepatitis, pneumonia, falling blood counts or
pyrexia of unknown origin) coincided with a greater than fourfold
increase in serological titre. Infection with varicella zoster virus was
diagnosed by the typical clinical picture accompanicd by a positive
culture.

TABLE 1—Patient characteristics
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Viral sensitivity was tested by the methods of Collins et al.* ** The
50°, inhibitory concentration (IC,,) is defined as the concentration
of acyclovir required to reduce the plaque count by 50°.. in compari-
son with untreated viral controls.

Blood samples were obtained one hour, eight hours, and 12 hours
from the start of the infusion on day 1, and one hour and 12 hours
from the start of the infusion on day 14. Plasma acyclovir concen-
trations were measured by the modification of the radioimmunoassay
of Quinn et al.*

e two treatment groups were analysed scparately. Patients in
the placebo and acyclovir arms were compared for several pretrial
and within trial variables, in all cases a two tailed test being used.
7* tests were used to compare the ratios of sex, diagnosis, and isolation
tate. Age, weight, and lowest granulocyte and lymphocyte counts
were compared using a 1 test on log transformed dats. The numbers
of days on trial and at various states of leukopenia and the number of

ng t
data. This transformation was used to normalise the data. The pro-
portion of patients with herpes simplex virus infection after entry
into the trial was compared using Fisher's exact test and the results
confirmed using a log rank test on time to virus shedding. The groups
were compared for biochemical and hacmatological values by analysis
of variance.

Results
BONE MARROW TRANSPLANT GROUP

Ten patients received placebo and 10 acyclovir. The following
variables were analysed and no statistical differences between the
two groups found: age, weight, lowest neutrophil and lymphocyte
counts, herpes simplex virus titre at the start, and number of pretrial
antibiotics (table ).

The incidence of herpes simplex virus infection was significantly
lower in the acyclovir group (zero versus 5 in the placebo arm;
P =0-033) (table 11). This protective effect was confirmed in the log
rank test for time to herpes simplex virus infection (p=0-01). In all
five cases of infection the site was oropharyngeal but virus was also
isolated from the urine and vagina in one paticnt, who had a generalised
illness with oral and vaginal uiceration and fever. There was, however,
1o other definite evidence of disseminated infection. In addition, &
sixth patient given placebo shed herpes simplex virus from the

h no oral ulceration. One patient taking acyclovir
developed a fever, falling blood count and an increase in the anti-
cytomegalovirus serological titre. There were no other herpes group
infections during the trial. These patients were followed up regularly
for 10-24 months to document infections occurring after completion
of the trial. There was a high incidence of herpes (herpes simplex
virus, varicella zoster virus, or cytomegalovirus) infections in both
arms after the trial (table 111). There was one virus related death due
to cytomegalovirus pneumonitis and hepatitis in a 3 year old child
after acyclovir prophylaxs.

e peak drug concentrations achieved were slightly higher on day
14 (mean value one hour after infusion 26'3 wmol 1; 592 mg;100 ml)
than on day 1 of the trial (mean one hour after infusion 116 mol1;
261 mg 100 ml) but the difference was not significant. On day 1 the
mean value eight hours after infusion was 52 umol 1 (117 mg 100 ml)

Bone marrow transplant group

Non-bone marrow transplant group

B
Reverse isolation 10 ° b o1 10 n + ol
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of days of fever (table IV) or in the numbers of days’ use of anti-
biotics (mean of the square roots 2-06 (SE 0-11) days for placebo,
2:00 (SE 0-13) days for acyclovir).

The overall duration of granulocytopenia was similar in both groups
(table V) but when placebo patients with herpes simplex virus or cyto-
megalovirus infection were analysed separately they showed prolonged
granulocytopenia (table VI). Drug concentrations were generally

TABLE fe

Hone marrow
transplant group

Herpes Non-transplant group
infection
Placeba Acvclovir Total Placebo_ Acyclowir_ Toul
Yoo 55 11r ee S0 12 10012
No 35 09 fat 2% 717 9125

between cquisiion of herpes virus infection and
e 20019 i hon-tcamlant placebes
ll-nuhx)u\pvm. than for ymphos
omegtionmn iiection and prolon Copenia snchuded in total
11 non.transpians roup GiTerences were Mot ENT

Acyclowr
Plocebo

Proportion
of patents

IS 0 £ EY
Nomber of days wi gronuiocyles.
(<10x0%) <05x0%)

Cumulative frequency curves of numbers of days with granulocyte counts
<1-0x10°1 and <0'5x10°1 in bone marrow transplant group. Mean
pambers of davs with counts < 10 10°1 sgnificanily les cung acyclone
(etest:p 0-001). There were also fewer daysat counts < 05 x 10%1 (p— 001
Curves do not include patient with cytomegalovirus and prolonged leuco.
penia,

slightly higher than in patients in the transplant group but not
significantly so. As in the transplant group, the mean peak concen-
trations at the end of the infusion were higher on day 14 than at the
start of the trial (28 3 umol and 100 umol | (6368 mg and 225 mg,
100 ml) respectively), but this did not achieve statistical significance.
On day 1 the mean concentration eight hours after the infusion was
44 umol 1 (9-9' mg 100 ml) and at 12 hours 1 2 xmol 1 (2 7 mg 100 ml),
On day 14 the mean value 12 hours after infusion was 14-4 umol |
(324 mg 100 ml)

Analysis of biochemical and haematological values showed some
minor differences significant at the 5", level at single dates within
the trial. None of these were consistent throughout the trial period.
Two patients developed renal failure while recciving placebo and one
while recewving acyclovir. Two of these cases were secondary to
hyperuricacmia and one episode in a patient receiving placebo was
probably related to chemotherapy for the malignancy. Two patients
in the acyclovir arm dicd during the trial, both of underlying disease
and haemorrhage. One patient receiving placebo died of renal failure
and hyperkalaemia with hyperuricaemia. Two patients receiving
acyclovir and one receiving placebo were withdrawn from the trial
after prolonged granulocytopenia due to refractory underlying disease.

va specimens were tested for EB virus in 34 of the 39 patients
in the non-transplant group (18 in the placebo arm, 16 in the acyclovir
arm). Five patients entering the study were cxcreting EB. virus.
Saliva samples became negative for the virus in four (two in the
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placebo arm, two in the acyclovir arm). For one patient no follow up
samples were available. One patient in each arm who had not been
excreting EB virus on entry to the trial began to do so subsequently.

Discussion

This trial shows clearly that intravenous acyclovir 5 meks
twice daily the period of

effective 2 prophylaxis against oropharyngeal and oesophageal
herpes simplex virus infection in patients undergoing allogeneic
bone marrow transplantation or remission induction chemo-
therapy for leukaemia. The reduction in incidence of these
infections in patients in the transplant group from 50", to zero
(table 11) was similar to that reported by Saral er al. Our study
shows that the same may be achieved during remission induction
treatment for acute leukacmia. This effect was achicved without
any noticeable toxicity and, in particular, we were not able to
confirm renal toxicity, which has been reported.'* We may
have avoided this problem by infusing the drug over one hour
and ensuring good hydration, thus preventing the drug crystal-
lising in the renal tubules.

Two of 19 patients in the acyclovir arm of the non-transplant
group developed mucosal lesions of herpes simplex (table 11).
One of these was documented shortly after prophylaxis began
and the other was due to a virus of reduced sensitivity to
acyclovir in a patient who had had previous recurrent herpes
simplex virus infections for which he had received two thera-
peutic courses of the drug. Concern has been expressed that
widespread use of acyclovir to treat “trivial” herpes simplex
virus infections™ may lead to the development and spread of
resistant viruses. At present the frequcncy with which resistant
viruses arise and their
Athough apparently they are unlikely to extablsh latency.?” =
Also, they may be less pathogenic and might confer protection
against reinfection with virulent strains.* ** This problem
certainly deserves to be continually monitored with particular
emphasis on whether infection with resistant strains recurs.

The use of acyclovir prophylaxis greatly reduced the mor-
bidity associated with the treatment and of the underlying

isease in our patients, although we did not cncounter the
type of disseminated herpes simplex virus infection cxperienced
in the Seattle transplant series.* One patient in each stratification
of our trial had a generalised infective iliness, with herpes simplex
virus being cultured from multiple sites and apparent response
to acyclovir. This cannot, however, be considered conclusive
evidence of disseminated herpes simplex virus infection. We
found fewer overall days of fever in patients in the transplant
group receiving acyclovir (table IV), and this was linked to
fewer days of antibiotics for pyrexia of unknown origin (means
of square roots 2-55 (SE 0-11) days for placebo, 2-24 (0-10) days
for acyclovir; p0-06). The reduction in days of fever and
antibiotics used for patients given acyclovir could also be due
to protection against bacterial infection, although we have no
direct evidence for this. ¢ transplant group there were
four cases of bacteraemia in the acyclovir arm and six in the
placebo arm. In the non-transplant group there were cight and
nine cases respectively. In larger groups of patients this cflect
may be studied more extensively. Theoretically, mucosal sur-
faces infected with virus predispose to bacterial infection because
of enhanced adherence of pathogenic bacteria®® ** (P Mackowak
et al, findings presented to 2lst interscience conference on
antimicrobial agents and chemotherapy, Chicago, 4-6 November
1981).

The other possible benefit of preventing infection with herpes
simplex virus is the reduction in the period of lcucopenia.
Patients with prolonged granulocytopenia (< 10 - 10%/ for over
30 days) were analysed to see whether or not they had a herpes
simplex virus infection during the trial (table VI). Prolonged

was related to of herpes infections
in the non-transplant placcbo group (p ~0019). The lack of
significance in the transplant placebo group may have been duc
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and at 12 hours 10 wmol 1 (2:25 mg/100 mi). On day 14 the mesn
value at 12 hours was 03 umol 1 (0-68 mg:100 ml). All viruses isolated
were tested and shown to be fully sensitive to acyclovir (IC,, 012
055 umol1; 1-24 mg/100 ml).

Anaiyis of the number of day of fever (tabe 1) showed a signi-
ficant reduction in patients in the acyclovir arm at all granulocyte
counts and at all but the highest lymphocyte counts. When the
paenc with eytomegalovirus infection and consequent prolonged

anulocytopenia is excluded the duration of granulocytopenia was
Senificandly sharter for paticnts in the acyclovir arm at counts of
0-10-0-49 and 0-5-10 x 10° | (table V). This reduction may be related
to the acquisition of herpes simplex virus infection in patients in
the ransplant group (sble V1; figure). Similarly, there was a reduc-
tion in the duration of lymphopenis at these cot

Tosicity studics showed somé minor diferences at single dates
within the trial. None of these were consistent throughout this period.
Nausea and vomiting occurred in five patients treated with acyclovir
and cight of those receiving placebo. There was no evidence of renal

hepatic toxicity and no patient was withdrawn from the trial.
Two patients died during the trial, one from an acute gut (radiation
induced) syndrome and anocher because of progressive underlying

O entey o the isl ive patients were excreting EB virus in
their saliva; of these, four received acyclovir prophylaxis. One
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patient (receiving acyclovir) had a positive result one week later,
saliva samples subsequently becoming negative. All other patients
stopped excreting EB virus, including the patient receiving placebo.

NON-TRANSPLANT GROUP

Twenty paticnts received placebo and 19 acyclovir. As in the trans-
plant group, there were no significant differences in the patients’
demographic details (table 11). Two patients given acyclovir acquired
a herpes simplex virus infection compared with 10 of 20 given placebo
(table 11). Of the two failures of prophylaxis with acyclovir, one
occurred within 24 hours of starting the trial and began 1o resolve
before “therapeutic” acyclovir was needed. This infection was duc
10 fully sensitive virus (1C,, 014-0-20 wmol 1; 032-0-45 mg/100 ml).
The other infection occurred in a patient who had had recurrent herpes
simplex virus infection and had received two previous therapeutic
courses of acyclovir. Viral samples tested 10 days before the trial
were sensitive (IC, 0-12-0-60 wmol/l; 027-1-35 mg/100 ml) but the
organisms isolated during the trial showed reduced sensitivity (IC,s
50-9'5 umol/l; 11:25-2138 mg/100 mi). This infection improved,
however, with therapeutic acyclovir (5 mgkg eight hourly). The
protective effect of prophylactic acyclovir was significant by Fisher's
exact test (p=0018) and the log rank test (p=0006).

Incidences of herpes simplex virus infections in the two groups of patients during trial

Bone marrow transplant group Non-transplant group
Acyclovir__ Placebo P Value Acyclowir Placeba P Value

No of patients 10 10 19 20

No of cases of herpes simplex virus infection o s 0033 2 10 0018

TABLE 111—Viral infections after completion of trial

The two failures of acyclovir were manifested by oropharyngeal
uleeration. All 10 patientsin the placcbo arm who acquired infection

Bone . “
eroup roup
Acyclovic __ Placebo  Acyclovir __ Placebo three devels
mrm simplex 7 3 1
2 0 0 0
- 2 1 o
1 o o '
1w 5 2 .

“Lacludes two cases of preumonis with hepatitis, one f
+Muluple infectio
Follow up period.

erpes simplex virus. In addition, two of these
o patients had nasal lesions, three had lip and perioral lesions, and
loped herpes simplex virus culture positive oesophageal
ulceration. One paticnt had & generalised feverish iliness with oral
and nasal ulceration and radiological evidence of pneumonia which
resolved during treatment with acyclovir. Herpes simplex virus was
isolated from urine, saliva, sputum, internal nares, and lip but there
was no other evidence of a disseminated infection. One further patient
excreted virus in the urine on one occasion with no clinical evidence
of inf
In this group of patients there were no differences in the numbers

TABLE (v~ Numbers of days of fever during trial . Results expressed as means of square roots (SE in parentheses)®

Bone marrow transplant group

Non-transplant group

Placetn Advatowit o Valuc Placebo Acyatovir P Value
G |18 Tme e o7 ey 7o 0z o
e ¢ es [ERES 25003 005 3 Zoaloan o1
‘ o1 230 019" 1391028) 0014 25109 1970281 ot
A 1o 3590021 2900020, 007 2630310 00 o1
o 0% 38203 iniod o0 138 02 iloio2 ot
L o1 97037} 1681025 009011 0200011, o1

Numbers of duys offever in various sates of leucupenia compared using 1 ests an square rood ransformed data | ranaformation used (e normalie dats. Patients i trans-
plant group showed reduction in duration of fever at all granulocic counts and at intermed:ate Imphote coun

umbers of days of leucopenia during trial. Results expressed as means of square roats (SE in parentheses)®

Bone marrow tansplant group

Non-transplant group

Placcbo Aesiiom 7 Vaioe Aesionr v
p— o ssiean T ot s 0
ndegyies [ 38 iy S o A o1
‘ . o1 304027 248023 010 307035 o1
T 537002 amsan o0z 40w o1
Lymoposyrer {08 bRtsiE 0l o ER ol
L ' L o1 IR 2300521 010 050022 o1

“Renlts cxcludeune et gven ety progians who b mbers of Ieucopen days analysed
e imtormed data o o operin T DA 1 EARABIATY EOUR 1 o A e Ik o oS
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to the numbser of patients concerned. The cumulative frequency
curves of granulocytopenic days in the transplant group, how-
ever, clearly showed a prolongation in the placebo arm (figure),
which was confirmed by 1 test on the mean number of days
with granulocyte counts < 1:0 - 10%1 (p—0-001) and <05 -
10%1 (p 001). The reason for this effect is presumably the
known myelosuppressive effect of herpes infections.”

Only one cytomegalovirus infection occurred in the trial;
this was in a patient in the transplant group receiving acyclovir.
The usual time course of infection with this virus® precludes
any possibility of successful prophylaxis when this is confined
to the period after The lack
of sensitivity of cytomegalovirus to acyclovir in vitro makes it
unlikely that prolonged prophylaxis would be successful.'*
Similarly, infection with varicella zoster virus may occur up to
several years after transplantation,® and thus prophylaxis with
intravenous a ir would not be feasible.

Although of considerable_theoretical interest, the data on
excretion of EB virus must be There
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** Mitchell CD, Bean B, Gentry SR, Groth KE, Boen JR, Balfour HH.

cyclovir therapy for mucocutaneous herpes simplex infections in
immunocompromised patients. Lancer 1981 3:1369-94,

! Tyms AS, Scamans EM, Nam HM. ln-uneo acuiity of scyclovir snd
related compounds against cytomegalovirus infections. J Antimicrob
Chemother 1981;8:65-72

' Colby BM, Shaw JE, Elion GB, Pagano )S. Effect of acyclovir [9-(2-
bydroxyethoxymethyl-guanine] on Epticin-Barr virus DNA eplication.
7 Virol 1980;34:560-

* Ashraf MH c.n.wl.m GC, Qureshi SA, Froud DJ, Yacoub MH.
Acyclovir in_treatment of cytomegalovirus pneumona after cardiac
transplantation. Lancer 1982:1°173-4

' Hanto DW, Frizzera G, Gail-Peczalska K], e al. Epstein-Barr virus-
induced B-cell lymphoma after renal transplantation. N Enel 7 Med
1982;308:913.

* Weller IVD, Carceno V, Fouler MJE, ot al. Acyclovir inbibits B wrus
replication in man. Lancer 1982

1* Santos GW. Bone marrow mnlpl.lnunnl\ Adv Intern Med 1979:24:157-
82

* Thomas ED, Storb R, Clift RA, er al. Bone marrow transplantation. N
Engl 7 Med 1975282 :832-43, 845-902.
* Golden HD, Chang RS, Prescott W, Sm\pwn E, Cooper TV. Leukocyte:

appears to be no correlation between excretion of the virus and
the type of treatment given. Studies on the therapeutic effect
of acyclovir in EB virus infections would perhaps throw more
light on this problem.

Acyclovir does not prevent latency of herpes simplex virus,
as evidenced by the high rate of recurrent infection in this
series, confirming the findings of Saral er al.* In both series,
however, there was evidence that the recurrences are often
clinically mild. We conclude that prevention of herpes simplex
virus infection during the period of granulocytopenia is achicv-
able with acyclovir and of sufficient clinical benefit to be
warranted.
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tAccepied 18 May 1983)

ONE HUNDRED YEARS AGO At a time when so many real
and 1maginary defects are discussed by sanitarians, it is surprising,
says our contemporary the Architect, that no one has called attention
to an arrangement that is common in some, if not in all, the public
baths of London, as well as in provincial towns, and which appears
t0 be s source of danger. It is well known that in them there are
second-class and first-class baths; but it is not s0 well known that the
water with which the second-class baths are filled has been used by
the first-class bathers. In one public bath in London, it is said that
water is kept circulating for more than a week before it is allowed
1o cscape. The reason given for this thrft is the cost of water; but
when 1t is found that, in London, baths pay only sixpence per
thousand gallons to the water-companics, the fee charged for even a
second-class bath might be expected to insure a sufficiency of clean
water. There are medical men, like the late Sir Willam Fergusson,
who are sceptical about the risk arising from dirty water, and second-
class bathers may escape contagion; but we maintain that it should
be made compulsory for the managers of baths to announce the
character of the fluid which they supply, whenever it differs from
pure water. ‘Brinish Medical Journal, 1883 i1-985.)




