
CHAPTER IV

RESULT AND DISCUSSION

1. Hypertensive patients
Recruitment of patients began in October 1999 and ended on July 2000 at the 

out-patient department Phramongkutklao Hospital. The screening process identified 
61 patients who met the screening criteria for eligibility and entered the placebo run- 
in period. Thirty-four patients were excluded for various reasons, i.e., thirty-one 
patients (about 50% of the screening recruited patients) were diagnosed to be white 
coat hypertension (which when closely monitored with ambulatory blood pressure 
monitoring machine their mean 24-hour DBP were less than 85 ramHg), two patients 
were consent denied and one patiented showed abnormal laboratory data. The 
remaining twenty-seven subjects having mean 24-hour DBP > 85 mmHg measured by 
ABPM were recruited in the study.

The patients were categorized into mild and moderate hypertensive patients 
who then receive enalapril 5 and 10 mg per day respectively. During the study, one 
patient was dropped out from the study due to adverse drug reaction (cough), one 
patient showed higher BP level when he received the higher dose of enalapril and one 
patient dropped out of the study during the first period of treatment. Finally, there 
were twenty-four patients who completed this study and their data only were used for 
statistical analysis.
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Demographic data
Twenty-four hypertensive patients were enrolled in the study with eleven were 

classified into mild while thirteen were classified into moderate hypertensive patients, 
respectively. Baseline demographic details are summarized in Table 7. There were 
fourteen males and ten females, with the average age of 59 ± 10.17 years (range 37-76 
years). The average weight, height and BMI values (Mean ± SD) were 65 ± 8.14 kg., 
159 ± 8.88 cm. and 26 ± 2.39 kg/m2, respectively. One subject is currently smoking 
cigarettes and five subjects drank alcohol for social life.

Nine patients were new cases while fifteen had been treated for their 
hypertension either monotherapy or combined therapy before they entered into the 
study. Laboratory data at the end of the placebo run-in period are shown in table 8. 
Seven subjects had hyperglycemia and one subject had his serum creatinine at the 
high normal level. Seven subjects had high levels of cholesterol and eight subjects had 
high levels of triglyceride. However, the liver function tests as well as the electrolyte 
in all subjects were in the normal ranges. The demographic and laboratory data of 
each subject were demonstrate in details in Appendices A and B.
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Table 7 ะ Demographic data of hypertensive subjects
No. of subjects 24
Sex

Male 14
Female 

Age (years)
10

Mean ± SD 59 ± 10.17
Range 

Weight (kg)
(37-76)

Mean ± SD 65 ±8.14
Range 

Height (cm)
(52-85)

Mean ± SD 159 ±8.88
Range 

BMI* (kg/m2)
(146-175)

Mean ± SD 26 ±2.39
Range (22-30)

Cigarettes smoking (no.)** 1
Alcoholic (no.)** 5

* BMI = Body Mass Index
** the number of patients who is currently smoking ,drink within 1 year



Table 8 ะ Laboratory data of hypertensive subjects

Tests Mean ± SD Range
Glucose (4.2-6.1 mmol/1) 5.9 ± 1.93 (2.9-10.8)
BUN (2.6-9.2 mmol/1) 5.3 ± 1.11 (3.7-7.7)
SCr (62-124 pmol/1)
Uric acid (240-538 pmol/1) 
Cholesterol (150-250 mg/dl) 
Triglyceride (50-160 mg/dl) 
HDL (30-70 mg/dl)
LDL (130-159 mg/dl)
AST (0-37 U/L)
ALT (0-40 U/L)
Sodium (135-150 mmol/1) 
Potussium (3.5-5.5 mmol/1) 
Chloride (98-110 mmol/1) 
CO2 (24-34 mmol/1)

106 ±37.66 (76-259)
302 ±87.33 (181-524)
237 ±47.62 (176-401)
151 ±60.54 (62-270)
51 ±11.81 (30-74)
157 ±43.40 (69-294)
21 ±4.73 (13-32)
24 ±8.75 (6-43)
142 ±2.67 (138-146.5)
4.4 ±0.39 (3.79-5.3)

107.4 ±2.38 (103-111.6)
26.3 ±2.88 (17.3-30.9)
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Office blood pressure (OBP) at the screening visit and after placebo run-in 
period were illustrated in Table 9. BP after taking placebo was used as the baseline 
level for comparing the drug effects. There was an insignificant difference of BP 
values obtained between these two periods. When the ranges were consider and 
compared, the result showed that after placebo, the values of the lower end (140 
mmHg) were higher than the values at the screening visit (130 mmHg) since some 
patients had already been treated with some antihypertensive drugs while the values 
of the upper end (183 mmHg) were not since these should be the values of the 
untreated patients. In treated patients, none of them showed state of severe 
hypertension (SBP > 180 or DBP >110 mmHg) after placebo run-in

The office BP and 24-hour ambulatory blood pressure at baseline were shown 
in Table 10. Comparison of mean blood pressure between those of office BP and 24- 
ABP found that the mean office BP was higher than the mean BP either when 
considered as the average throughout 24-hour, during day-time or during night-time, 
however, mean office BP was closed to the day-time BP. Furthermore, ABPM could 
provide the frequency and magnitude of BP loads. In this study, the results showed 
that the frequency of SBP loads during night-time was higher than the other periods 
of monitoring, while the frequency of SBP loads throughout 24-hour was closed to 
the values during day-time. However, the frequency of DBP loads whether from 24- 
hour, day-time and night-time were nearly equal and all were around 58 %. When 
absolute SBP and DBP loads were considered, It was found that the values obtained 
from 24-hour, day-time and night-time were nearly equivalent and the values were 
approximately 20 mmHg and 10 mmHg for absolute loads of SBP and DBP 
respectively.

2. Blood pressure data at baseline of hypertensive subjects
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The office BP and 24-hour ambulatory blood pressure (ABP) monitoring had 
been used as the methods for detecting BP in hypertensive patients and also in 
determining the antihypertensive effect of enalapril in this study. Some of the 
benefits of ambulatory BP measurement over the standard clinic or office BP 
measurement in a clinic therapeutic trial have been well established^0"42*. These 
included the ability to detect white coat hypertensives during patient selection. A 
placebo group could be avoided and the sample size could be reduced when ABPM 
were used to determine the efficacy of an antihypertensive drug. Finally, 24-hour 
mean BP is more reproducible than clinic BP. Thus, with the 24-hour ABP 
measurement during patient selection, white coat hypertensive patients were not 
included in the antihypertensive drug trial and hypertensive patients who were 
eligible into this study had high BP both in the office and their daily lives.

Several studies had shown that repeated BP elevations during work stress and 
the overall BP load may also be an important determinant of cardiovascular risk(15' 
16,43) Yhe systolic BP load in normotensive patients increase from approximately 9 
percent in young adults to 25 percent in elderly(44). The diastolic BP load averages 3 
to 4 percent and does not appear to vary sinificantly with age. Studies in untreated 
hypertensive patients showed that the likelihood of developing cardiac abnormalities 
was markedly increased when the daily BP load was 40 percents or more(45), which 
White et al. suggested that these patients should receive antihypertensive therapy.

From this study, it was found that night-time SBP loads was higher than day­
time SBP loads which could due in part to the unfamiliar with the non-invasive BP 
monitoring machine which showed more pronounced effect while rest at night, and 
also due to the reason that there were eleven out of twenty-four patients who showed 
small BP reduction during night-time as compared to those of the day-time.
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However, BP level during night-time was lower than day-time. It was demonstrated 
that the falling in BP at night was the result of sleep and inactivity rather than the 
time of the day. In both normotensive and hypertensive individuals, BP varies 
according to mental status and physical activity level which are usually different 
during wakefulness and during sleep. Furthermore, in this study about 45 % of 
subjects who normotensive (24-hour DBP < 85 mmHg at baseline) and were exclude 
from the study when monitored with 24-hour ABPM showed SBP load of more than 
40 %.

With the categorization of hypertensive patients as “dipper” or “non-dippers” 
according to the percentage of BP reduction during night-time as compared to day­
time. Dippers were patients who had BP fall during the night by more than 10 % 
compared to day-time BP while others whose BP fall less than 10 % were non 
dippers. With this criteria, thirteen patients participated in this study were dipper 
(54%) while eleven patients were non dipper(46%).

There is evidence that failure of the BP to fall during sleep may be an 
additional risk factor for the development of left ventricular hypertrophy and other 
cardiovascular complication'18,46‘48). This effect appeared to be more prominent in 
women, diabetics with renal insufficiency, and blacks. However, other รณdies had 
found that nondippers including women and blacks, showed no increase in left 
ventricular geometry'49'.

Concerning the mean 24-hour BP profile (Figure 5.), it was found that BP was 
stayed at high level during day-time and was reduced to lower level during night­
time as shown in Figure 1. BP decreased to its lowest point (nadir) at approximately
12.00 PM. The nadir BPs were 132/78 mmHg of SBP / DBP which corresponded to 
the MAP value of 96 mmHg. After nadir , BP tended to increase throughout the



early morning hours and was further increase when they woke up (approximately
05.00 AM) to a high level of 156 / 98mmHg for SBP / DBP at 9.00AM.



Table 9 ะ Office BP at the screening visit and after placebo run-in period or at
baseline

Office BP at the screening visit
SBP (mmHg) 158 ± 15.95 (130-183)
DBP (mmHg) 99 ±8.52 (80-110)
MAP (mmHg) 119 ±9.78 (97-133)
HR (bpm) 77 ± 9.99 (60-94)

Office BP after placebo (at baseline)
SBP (mmHg) 155 ±8.87 (140-173)
DBP (mmHg) 97 ±5.00 (89-107)
MAP (mmHg) 116 ±4.68 (107-126)
HR (bpm) 79 ± 9.70 (62-96)

*data are shown as mean ± SD (range)



Table 10 ะ Office BP and 24-hour ABP of hypertensive patients after placebo run-in period or at baseline
Office BP* 
(mmHg)

24-hour ABP*
Average BP (mmHg) BP loads**

24-hour BP day-time BP night-time BP 24-hour BP daytime BP nighttime BP
frequency3

(%)
absolute6
(mmHg)

frequency3
(%)

absolute6
(mmHg)

frequency3
(%)

absolute6
(mmHg)

SBP 155 ± 8.87 146 ±9.47 151 ±9.87 137 ± 14.35 69 ±21.48 20 ± 5.45 65 ±23.77 19 ±6.67 79 ± 20.79 20 ± 11.08

DBP 97 ± 5.00 89 ±4.18 93 ±4.33 82 ± 6.90 58 ± 17.67 10 ±2.30 58 ± 19.03 10 ± 3.15 55 ±25.78 10 ± 3.91

MAP 116 ±4.68 108 ±4.74 112 ±5.23 100 ±8.07

HR(bpm) 79 ±9.70 76 ±6.81 80 ± 6.43 67 ±8.33

data are shown as mean ± SD
BP loads were BP values that higher than 140 or 120 mmHg for SBP and 90or 80 mmHg for DBP during day-time, night-time respectively 

a frequency of BP load in percentage 
b absolute of pressure of BP loads in mmHg
24-hour BP= average BP during 24-hour, day-time BP=average BP during 06.00 am -10.00 pm, night-time BP=average BP during 10.00 pm -  06.00 am by ambulatory blood 
pressure monitoring machine
SBP=systolic blood pressure, DBP=diastolic blood pressure, MAP=mean arterial pressure, HR=heart rate respectively

น า
CO



He
art

 Ra
te 

(bp
m)

 
^ 

Blo
od 

Pre
ssu

re 
(m

mH
g)

59

Time (hr)

Figure 5 ะ Ambulatory hourly blood pressure data of hypertensive patients 
) at baseline
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Figure 6 ะ Ambulatory hourly heart rate of hypertensive patients (ท=24) at
baseline
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3. Antihypertensive effect evalution.
There were twenty-four hypertensive patients entered and completed in this 

study and they were classified by office blood pressure into eleven of mild and 
thirteen of moderate hypertensive patients and had been assigned to received 
enalapril 5 mg or 10 mg per day as the starting dose, respectively, for 4 weeks. In 
mild hypertensive group, three patients achieved the target BP (office SBP < 140 
and DBP <90 mmHg) after 4 weeks of treatment and their doses were decreased to
2.5 mg per day (Figure 7) which further evaluation showed that these lowered doses 
were also able to keep their BP within the normalized range, one patient was nearly 
normalize with his SBP / DBP achieved 140 /88 mmHg and was normalize when 
titrated dosage to 7.5 mg per day. However, seven mild hypertensive patients were 
remained non normalized with their values of office SBP > 140 or DBP > 90 
mmHg, therefore, their daily doses were increased to 10 mg and found that three 
patients were normalize while remaining four patients were non normalize at the end 
of treatment period. However in moderate group, after 4 week treatment with 10 mg 
per day of enalapril, nine patients whose office SBP remained > 140 or DBP 
remained > 90 mmHg were assigned to receive the higher dose of 20 mg OD and 
found that five patients were normalize whereas four were non normalize. The office 
BP of one patient in this group was nearly normalize with his SBP/ DBP achieved 
of 140 / 70 mmHg and his dose was therefore titrated to 15 mg per day of enalapril. 
Furthermore he was normalize when completed the study.

Note ะ- Besides the ten moderate hypertensive patients mentioned above, there were 
three more moderate hypertensive patients who completed the two dose study but did 
not follow the same pattern as those aforementioned according to different 
physician’s decision, i.e,one moderate hypertensive patient was started with 5 mg per
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d ay  en a la p r il, a fter  4  w e e k s , h er  b lo o d  p ressu re  w a s  s t i ll  n o t red u ce d  to  n orm al, 

th erefo re  th e  p h y s ic ia n  d e c id e d  to  g iv e  h er  10 m g  p er d a y  fo r  an o th er  4  w e e k s  and  her  

B P  w a s  a g a in  m o n ito red . T w o  m o d er a te  h y p e r te n s iv e  p a tien ts  w e r e  started  w ith  2 0  

m g  per d a y  d o se  fo r  4  w e e k s , th en  th e ir  B P  w e r e  m o n ito r e d  and  w e r e  fo u n d  to be  

n o r m a lise d , th ere fo re  th e ir  d o s e s  w e r e  r ed u ce d  to  15 m g  p er d a y  fo r  a n o th er 4  w e e k s  

and  th eir  B P  w e r e  th en  m o n ito red . T h e  B P  o f  th e se  th ree  p a tien ts  w e r e  ev a lu a te  

sep a ra te ly

In th is  s tu d y , o n e  o f  th e se  tw e n ty -fo u r  h y p e r te n s iv e  p a tien ts  w a s  r e c e iv in g  

en a lap r il c o n c o m ita n t  w ith  n a p ro x en . C o n c e r n in g  o n  th e  d ru g-d ru g  in terac tio n  

b e tw e e n  en a la p r il an d  N S A I D s  w h ic h  m ig h t a n ta g o n iz e  th e  h y p o te n s iv e  e f fe c t  o f  

en a la p r il(34), f in a lly  th e  r e su lts  s h o w n  th at h e  w a s  n o r m a liz e  w ith  15 m g  p er  d ay  o f  

en a la p r il. It w a s  s u g g e s te d  th at th e  p a tie n ts  w h o  ta k in g  d ru g s w h ic h  in ter fere  w ith  th e  

a n tih y p e r te n s iv e  e f fe c t  su c h  as s te r o id s , N S A I D s ,  an d  d ru gs th at are e n z y m e  in d u cers  

or e n z y m e  in h ib ito r  sh o u ld  e x c lu d e  fro m  th is  stu d y  

Office B lood  Pressure

T h e  e f fe c t s  o f  5 -2 0  m g  d o s a g e  o f  en a la p r il o n  th e  o f f ic e  B P  red u ctio n  o f  b o th  

m ild  an d  m o d er a te  h y p e r te n s iv e  p a tie n ts  w e r e  s h o w n  in  T a b le  1 1 -1 3 . T h e  o f f ic e  B P  

m o n ito r in g  c o u ld n ’t d e te c t  a n y  B P  r ed u ctio n  e f fe c t  in  b o th  S B P  and  D B P  after 5 m g  

d o sa g e  o f  en a la p r il e ith er  c o n s id e r e d  b y  in c lu d e  th e  th ree  p a tien ts  w h o  a c h ie v e d  th e  

target B P  w ith  5 m g  or fo c u s  o n ly  o n  th e  s e v e n  p a tien ts  w e r e  n o n  n o r m a liz e  w ith  

th is  d o s e , th e  m e a n s  o f f ic e  B P  at b a se lin e  and  a fter treated  w ith  5 m g  p er d ay  o f  

en alap ril w e r e  n e a r ly  eq u a l. T h e  m e a n  d iffe r e n c e s  w e r e  arou n d  1-2  m m H g  o n ly  for  

b oth  S B P  and  D B P . H o w e v e r , th e  red u ctio n  in  o f f ic e  D B P  w e r e  a ll s ta tis tic a lly  

s ig n if ic a n t w h e n  treated  w ith  h ig h e r  d o s e  o f  10 m g /d a y  or 2 0  m g /d a y  o f  en a la p r il, 

w h ile  o f f ic e  S B P  s h o w e d  s ta t is t ic a lly  s ig n if ic a n t  red u ctio n  o n ly  a fter trea tm en t w ith
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2 0  m g /  d o s e  o f  en a la p r il. T h e se  r e su lte d  in  o f f ic e  M A P  w h ic h  s h o w e d  s ig n if ic a n tly  

red u ctio n  a fter b o th lO  m g /d a y  and  2 0  m g /d a y  d o s e  o f  en a la p r il in  e ith er  m ild  or 

m o d era te  h y p e r te n s iv e  g ro u p s o f  th e  p a tien ts . A lth o u g h  th e  d iffe r e n c e  in  B P  

red u ctio n  w a s  q u ite  la r g e  in  m a g n itu d e  (1 2  m m H g  fo r  S B P  a fter  5 m g  v s  10 m g ),  

but it w a s  fo u n d  to  b e  n o n  s ta t is t ic a lly  s ig n if ic a n t  s in c e  th e  flu c tu a tio n  a m o n g  

su b je c ts  w e r e  a lso  large , r e su lte d  in  b ig  stand ard  d e v ia t io n  w h ile  th e  n u m b er o f  

su b je c ts  w a s  sm a ll. T h ere  w e r e  n o  rep o rts  o f  sy m p to m a tic  or p ostu ra l h y p o te n s io n . 

A t th e  sa m e  t im e , v e r y  litt le  c h a n g e  in  H R  w a s  o b se r v e d  th is  s u g g e s te d  th e a b se n c e  

o f  r e f le x  ta c h y c a r d ia  b y  en a la p r il.

A m bula tory B lood  Pressure

T a b le  1 1 -1 2 ,1 4  s h o w e d  2 4 -h o u r  A B P  at b a se lin e  and  a fter  ta k in g  5 -2 0  m g  

en a la p r il p er  d a y  in  m ild  and  m o d er a te  h y p e r te n s iv e  p a tien ts . A fte r  trea tm en t w ith  

e ith er  d o s a g e s  o f  en a la p r il, 2 4 -h o u r  S B P  and  D B P , d a y -t im e  S B P  an d  D B P  and  n ig h t­

t im e  S B P  w e r e  a ll s ta t is t ic a lly  s ig n if ic a n t ly  r ed u ce d  fro m  b a se lin e , w h ile  n ig h t-tim e  

D B P  d id  n o t r ed u ce  to  th e  e x te n t  th at s h o w e d  s ta tis t ic a lly  s ig n if ic a n t. T h e  resu lts  

w h e n  in c lu d e  all p a tien ts  w h o s e  sta rtin g  w ith  5 m g  p er d a y  o f  en a la p r il w ere  sh o w n  

s im ila r  to  re su lts  fro m  s e v e n  p a tien ts . In th is  s tu d y , m o s t  o f  th e  co m p a r iso n  o f  B P  

red u ctio n  b e tw e e n  lo w  and  h ig h  d o s a g e  o f  en a la p r il (5  v s  10  m g  and  10 v s  2 0  m g )  

s h o w e d  s ta t is t ic a lly  s ig n if ic a n t  re d u c t io n  in  b o th  S B P  and  D B P  after  treatm en t w ith  

h ig h e r  d o s e , e x c e p t  fo r  s o m e , s u c h  a s , th e  d if fe r e n c e  o f  d a y -t im e  S B P , d a y -tim e  and  

n ig h t-t im e  D B P  b e tw e e n  10 and  2 0  m g  per d a y  d o s e s  o f  en a la p r il s h o w e d  n o n  

s ta tis t ic a lly  s ig n if ic a n t , s in c e  th e  stand ard  d e v ia t io n  w a s  large  w h ile  th e  sa m p le  s iz e  

w a s sm a ll. H o w e v e r , a s  a  w h o le ,  it c o u ld  b e  c o n c lu d e d  th at B P  red u ctio n  w a s  in cre a se  

w ith  in c r e a s in g  d o s e s  o f  en a la p r il. In th is  s tu d y , H R  w a s  n o t a ffe c te d  b y  in cre a sin g

d o se  o f  en a lap r il.
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In th is  s tu d y , th e  a n tih y p e r te n s iv e  e f f ic a c y  o f  10  - 2 0  m g  per d a y  d o sa g e  o f  

en a la p r il w e r e  ap p aren t n o t o n ly  fro m  o f f ic e  B P  m e a su r e m e n t b u t a lso  b etter  re fle c te d  

fro m  th e  2 4 -h o u r  A B P  m o n ito r in g . T h e  p aram eters  u se d  to  a s s e s s  th e  a n tih y p er ten s iv e  

e f f ic a c y  o f  en a la p r il o n  2 4 -h o u r  A B P  w e r e  th e  a v e r a g e  B P  v a lu e s  th e  B P  lo a d s  for  

d a y -t im e , n ig h t-t im e  and  o v e r  th e  2 4 -h o u r s  an d  area u n d er th e  b lo o d  p ressu re  cu rv e  

(A U C ). T h e se  p aram eters  had  b e e n  d e m o n stra ted  to  h a v e  s o m e  r e la tio n sh ip  w ith  th e  

h y p e r te n s iv e  d is e a s e  c o m p lic a t io n s  (e g . le ft  v en tr ic u la r  en la r g e m e n t and  v a sc u la r  

c o m p l ia n c e /46-4^. T h e  s ig n if ic a n t  r e d u c t io n s  o f  B P  e v a lu a te d  b y  th e se  p aram eters  

th erefo re  are e s se n tia l.

In th is  s tu d y , en a la p r il in  th e  d o s a g e  o f  5 -2 0  m g  p er d a y  c o u ld  s ig n if ic a n tly  

red u ced  th e  a v e r a g e  B P  o f  2 4 -h o u r , d a y -t im e  an d  n ig h t-t im e  S B P  and  D B P . T h e se  

r e d u c tio n s  w e r e  in c r e a se d  w ith  h ig h e r  d o sa g e . H o w e v e r , in  th is  s tu d y , th e  h ig h e st  

d o s e  w a s  2 0  m g  per d a y . S in c e  f e w  s tu d ie s  h a d  s u g g e s te d  th a t en a la p r il e x h ib its  

sh a llo w , or  fla t, d o se -r e sp o n s e  r e la t io n sh ip ,(12-13) th erefo re  an  in cre a se  in  d o sa g e  

fu rther th an  th e  d o s a g e  u se d  in  th is  s tu d y  m a y  resu lt in  an  e x te n s io n  o f  th e  d u ra tion  o f  

a c tio n  w ith o u t an y  in c r e a se  in  th e  m a g n itu d e  o f  th e  a n tih y p e r te n s iv e  e ffe c t .

T h e  a m b u la to ry  B P  p r o f ile s  th ro u g h o u t 2 4  h ou rs b e fo r e  and  a fter  trea tm en t  

w ith  5 , 10 and  2 0  m g  p er d ay  o f  en a la p r il in  m ild  and  m o d er a te  h y p e r te n s iv e  p a tien ts  

w e r e  red u ce  in  b o th  S B P  and D B P . T h is  s tu d y  fo u n d  th at th e  c irca d ia n  B P  rh ythm  

e s p e c ia l ly  d u r in g  n ig h t-t im e  w a s  c h a n g e d  in  s o m e  p a tien ts  a fter trea tm en t p e r io d  w ith  

10 m g  o f  en a la p r il a s  in d ic a te d  b y  th e  in c r e a se  in  th e  n u m b er o f  p a tien ts  w h o  w ere  

n o n -d ip p er . H o w e v e r , th e  sa m e  w a s  n o t fo u n d  a fter  trea tm en t w ith  5 and  2 0  m g  per  

d a y  o f  en a lap r il.
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O ffice  B P  &  2 4 -h o u r m easu rem en ts
pa tien ts  w e re n ’t s ta rted  en a lap ril d o sag e  acco rd in g  to  pro toco l, d a ta  d escrib ed  in in page 60 
o ff ice  S B P  < 140 in m H g  and D B P  < 90 m m H g 
o ffic e  S B P  > 140 m m H g  or D B P  > 90 m m H g

Figure 7  ะ F lo w  ch art o f  d o s e  titra tion



Table 11 ะ Office BP and 24-hour ABP of hypertensive patients3 at baseline and after first period of enalapril treatment
P aram eter Mild HTN (ท = 1 1 ) M oderate HTN oT—1iIIG"

B a s e l in e D o s a g e i  
(5 m g/d ay)

D if fe r e n c e B a s e l in e D o s a g e 2 
( 1 0  m g /d ay)

D if fe r e n c e

Office BPa (m m H e )  
S B P 148 ±6.92 141 ± 14.47 7.82 ±6.92 (p=0.156) 157 ±9.24 145 ± 15.03 11.80 ± 12.94* (p=0.018)
D B P 94 ±3.08 90 ±7.71 4.18 ±6.88 (p=0.072) 100 ±5.46 92 ± 7.02 8.10 ±4.82* (pco.ooi)
M A P 112 ±4.22 107 ±9.35 5.54 ±9.54 (p=0.083) 119 ±4.20 110 ±8.08 9.40 ±7.12* (p=0.002)
H R  (b p m ) 83 ±6.25 81 ±7.61 2.09 ±9.29 (p=0.473) 76 ± 11.87 73 ±9.31 3.30 ±11.78 (p=0.399)
24-hour ABPa (m m H g )  
- average 24-hour  
S B P 142 ±7.09 129 ± 10.81 13.09 ± 10.11 * (p=0.002) 149 ± 10.74 135 ± 10.83 13.40 ±8.34* (p=0.001)
D B P 88 ±3.59 82 ±6.30 5.18 ±6.48* (p=0.024) 92 ±4.14 85 ±7.30 6.20 ±5.00* (p=0.004)
M A P 106 ±4.06 98 ±7.50 7.82 ±7.18* (p=0.005) 111 ± 4.70 102 ±7.42 8.60 ±5.85* (p=0.001)
H R  (b p m ) 78 ±5.87 73 ±7.49 5.18 ±11.02 (p-0.150) 75 ±7.95 74 ± 8.75 0.60 ± 8.23 (p-0.823)
- average day-tim e  
S B P 149 ±8.94 135 ± 13.06 14.00 ± 12.41* (p=0.004) 152 ± 11.25 139 ±9.75 12.90 ±9.04* (p=0.001)
D B P 91 ±3.44 85 ±7.53 6.09 ± 5.34* (p=0.004) 95 ±4.37 88 ± 7.17 7.20 ±4.71* (p=0.001)
M A P 111 ±4.72 102 ±9.04 8.91 ±7.16* (p=0.002) 114 ±5.02 105 ±7.05 9.10 + 5.47* (p=0.001)
H R  (b p m ) 82 ±5.73 78 ±7.70 3.36 ±5.77 (p=0.082) 79 ±7.87 79 ±8.37 0.60 ± 6.50 (p=0.777)
- average night-tim e  
S B P 128 ±8.80 119 ± 10.56 8.54 ± 9.44* (p=0.013) 142 ± 15.68 127 ± 15.33 14.70 ± 13.08* (p=0.006)
D B P 80 ± 7.69 78 ±6.53 2.54 ±7.31 (p=0.275) 85 ±6  54 80 ± 8.60 4.70 ± 7.02 (p-0.063)
M A P 96 ± 7.48 92 ±7.52 4.46 ± 7.65 (p=0.082) 104 ±8.36 96 ±9.61 7.90 ±8.58* (p=0.017)
H R  (b p m ) 70 ±7.31 65 ±6.81 5.09 ±5.92* (0.017) 66 ± 9.70 65 ± 10.14 1.00 ±12.55 (p=0.807)

*’ 2 ’ 3 a fte r trea tm en t w ith  5, 10, 20  m g  /d ay  o f  en alap ril 
a da ta  are show n as m ean  ± SD

p < 0 .01 , p < 0.05 versus ba se lin e , ns =  n o t s ig n ifican t

C7>Ô1



Table 12 ะ Office BP and 24-hour ABP of hypertensive patients3 at baseline and after enalapril treatment

Parameter Mild HTN (n=7) M oderate HTN (ท=9)
B a s e l in e dosage 1 

(5 mg/day)
dosage2 

( 10 mg/day)
B aseline dosage2 

( 10 mg/day)
dosage3 

(20 mg/day)

Office BP3 (m m H g)
SBP 148 ± 6.13 146 ± 10.39ns 133 ± 13.26 ns 156 ±9.03 146 ± 15.84 ns 134 ± 16.47 **
DBP 94 ± 2.99 93 ±4.39 ns 85 ± 8.08 ** 101 ±5.11 94 ±5.90 ** 84 ± 8.70 **
M A P 112 ±3.98 111 ± 4.86 ns 101+8.85** 119 ±4.42 111 ±7.75 ** 100 ±9.68 **
H R (bpm ) 81 ±7.35 79 ± 5.22 ns 69 ± 13.9ns 78 ± 11.56 75 ± 6.85ns 76 ± 8.73 “

24-hour ABP3 (m m H g)
- average 24-hour

SBP 144 ±7.60 133 ±7.84 ** 128± 9.20 ** 148 ± 11.36 136 ± 11.08 ** 130 ± 12.97 **
DBP 88 ± 4.39 85 ±4.73 * 80 ± 5.06 * 92 ±4.39 86 ±7.38 ** 82 ±9.39 **
M A P 107 ±4.60 101 ±4.98 ** 96 ±5.35 ** 110 ±4.72 103 ±7.52** 98 ±9.82 **
H R (bpm ) 77 ±7.30 73 ±8.41ns 69 ± 10.92 ns 76 ± 7.26 74 ± 9.17 ns 74 ± 7.14 ns

- average day-tim e
SBP 150 ±9.51 139 ±8.85** 135 ±9.43 ** 151 ± 11.54 139 ± 10.34 ** 135 ± 12.67**
DBP 92 ±3.58 88 ±4.61** 85 ±4.50** 95 ±4.56 88 ±7.48 ** 85 ±8.76**
M A P 111 ±5.15 105 ± 5.51** 101 ±5.02 ♦ * 114 ± 5.15 105 ±7.52** 101 ±9.12 **
H R (bpm ) 80 ±6.74 77 ± 9.46 ns 72 ± 10.21ns 80 ± 7.02 79 ± 8.83 ns 77 ± 6.87 ns

- average n ight-tim e
SBP 132 ±8.32 122 ±9.28 ** 115 ± 13.71** 142 ± 16.39 129 ± 14.09** 121 ± 16.42 **
DBP 82 ±7.81 79 ± 7.16 ns 73 ± 8.60 ** 85 ±6.61 81 ±7.75 ns 77 ± 12.08 ns
M A P 98 ±7.87 93 ±7.55 ns 87 ± 10.24** 104 ±8.52 98 ± 8.28 ns 91 ± 13.05**
H R  (bpm ) 70 ± 8.73 65 ± 7.86 ns 61 ± 12.08 ** 67 ± 9.60 66 ± 10.53 ns 68 ±9.60 **

l ’ ^’ J after trea tm en t w ith  5, 10, 20  m g /d a y  o f  en a lap ril 
3 da ta  are show n as m ean  ± SD

p < 0 .0 1 ,  p < 0.05 versus baseline , ns = no t s ig n ifican t



Table 13 ะ The effect of dosage of enalapril on the magnitude reduction of office BP in hypertensive patients.

P aram eter M ild  H T N  (ท= 7 ) M o d e r a te  H T N  (ท= 9 )
d o s a g e  1 

(5 m g/day)
d o s a g e 2 

( 1 0  m g /d ay )
d iffe r e n c e d o s a g e 2 

( 1 0  m g /d ay )
d o s a g e 3 

( 2 0  m g /day)
d if fe r e n c e

O ff ic e  B P  ( m m H g)**
S B P 2 .00  ±  11.72 14.29 ±  11.57 12.29 ±  14.53 10.11 ±  12.50 2 1 .78  ±  13.32 11.67 ± 9 .7 2

(p=  1 .0 0 0 ) (p = 0 .0 5 1 ) (p = 0 .2 0 0 ) (p = 0 .1 2 4 ) (p  =  0 .004) (p  =  0 .0 2 1 )

D B P 1.14 ± 3 .4 4 9.71 ±  6 .62 8 .57  ± 6 .0 2 7 .56  ± 4 .7 7 17.44 ± 9 .0 8 9 .89  ± 6 .7 0
(p =  1 .0 0 0 ) (p = 0 .0 2 5 ) (p  =  0 .0 28 ) (p  =  0 .0 0 4 ) (p  =  0 .0 0 1 ) (p  =  0 .0 0 7 )

M A P 1.71 ± 4 .6 8 11.29 ± 7 .5 4 9 .5 7  ± 5 .1 3 8.44 ±  6 .84 19.00 ±  10.06 10.56 ± 6 .8 9
(p=  1 .0 0 0 ) (p  = 0 .0 2 2 ) (p  =  0 .0 08 ) (p  =  0 .0 1 8 ) (p  =  0 .0 0 1 ) (p  =  0 .0 0 5 )

H R  (b p m ) 2.71 ± 9 .5 4 12.29 ±  16.73 9 .5 7  ±  11.33 2 .67  ± 12.32 2 .33  ±  13.96 -0 .33 ±  8 .09
(p =  1 .0 0 0 ) (p =  1 .0 0 0 ) (p=  1 .0 0 0 ) (p =  1 .0 0 0 ) (p =  1 .0 0 0 ) (p=  1 .0 0 0 )

d ifferen ce  are d iffe r be tw een  tw o  dosag e
** da ta  are show n as m ean  ±  SD
*’ 2 ’ 3 after trea tm en t w ith  5, 10, 20  m g  /d ay  o f  en alap ril



Table 14 ะ The effect of dosage of enalapril on the magnitude of ABP reduction in hypertensive patients.
P aram eter M ild  H T N  (ทะ= 7 ) M o d er a te  H T N  (ท= 9 )

d o s a g e  1 
(5m g /d ay )

d o s a g e 2 

( 1 0  m g /d ay)
d iffe r e n c e d o s a g e 2 

( 1 0  m g /d ay )
d o s a g e 3 

( 2 0  m g /day)
d iffe r e n c e

- a v e r a g e  2 4 - h o u r *
SB P 1 1 .0 0 1 6 .9 8 1 5 .8 6 1 7 .7 3 4 .8 6 1 2 .4 1 1 2 .2 2 1 7 .9 2 1 8 .0 0 1 9 .0 0 5 .7 8 1 4 .7 4

Cp =  ๐ .018) (p =  0 .0 05 ) (p  =  0 .0 05 ) (p  =  0 .005 ) ( p - 0 .0 0 1 ) (p =  0 .019)
D B P 3 .2 7 1 0 .9 5 8 .0 0 1  1.63 4.71 1 2 .0 6 5 .5 6 1 4 .8 5 9 .44  1  7 .09 3 .8 9 1 3 .6 2

(p < 0 .0 0 1 ) (p  <  0 .0 0 1 ) (p  =  0 .0 03 ) (p  =  0 .0 2 7 ) (p  =  0 .0 1 2 ) (p =  0 .037)
M A P 5.71 1 2 .6 3 1 0 .5 7 1 3 .4 1 4 .8 6 1  1.68 7 .7 8 1 5 .7 2 1 2 .6 7 1 7 .8 8 4 .8 9 1 3 .9 2

(p  =  0 .004) (p =  0 .0 0 1 ) (p=  0 .0 0 1 ) (p  =  0 .0 1 1 ) (p =  0 .004 ) (p  =  0 .17 )
- a v e r a g e  d a y t i m e *

SB P 1 1 .2 9 1 7 .1 4 1 5 .2 9 1 7 .1 6 4 .0 0  1  2 .00 1 1 .8 9 1 8 .9 6 1 6 .0 0 1  10.05 4.11 1 6 .3 9
(p =  0 .017) (p  = 0 .0 04 ) (p  =  0 .0 0 6 ) (p  =  0 .0 1 2 ) (p  =  0 .0 0 4 ) (p = 0 .2 6 9 )

D B P 3 .5 7 1 2 .6 4 7 .1 4 1 3 .7 6 3 .5 7 1 2 .7 6 6 .5 6 1 4 .5 0 1 0 .0 0 1 7 .2 3 3 .4 4 1 3 .6 4
(p =  0 .0 35 ) (p =  0 .007) (p =  0 .0 42 ) (p  =  0 .007 ) (p  =  0 .0 1 0 ) (p = 0 .0 6 6  )

M A P 6 .2 9 1 3 .4 5 1 0 .0 0 1 4 .0 8 3.71 1  1.98 8 .5 6 1 5 .6 6 1 2 .4 4 1 8 .1 3 3 .8 9 1 3 .6 5
( p =  0 .009) (p  =  0 .0 0 2 ) (p =  0 .0 08 ) (p  =  0 .0 0 6 ) (p  =  0 .005 ) (p =  0 .038 )

- a v e r a g e  n i g h t t i m e *
SB P 10.43 1 7 .0 7 1 6 .8 6 1  10.42 6.43 1  6 .05 13.11 1  12.81 2 1 .6 7 1  14.24 8 .5 6 1 7 .8 4

(p  = 0 .0 24 ) (p =  0 .0 16 ) (p = 0 .0 9 2 ) (p  =  0 .0 4 6 ) (p  =  0 .006 ) (p  =  0 .034 )
D B P 3 .0 0 1 3 .5 6 8.57 1  5.22 5 .5 7 1 2 .3 7 3 .8 9 1 6 .9 4 8.33 1 9 .9 0 4 .44  1  6 .58

(p = 0 .2 0 2 ) Cp = 0 .0 15 ) (p =  0 .0 0 2 ) (p = 0 .3 9 3 ) (p = 0 .107) (p = 0 .2 3 2 )
M A P 5 .2 9 1 4 .4 2 1 1 .1 4 1 6 .7 4 5 .8 6 1 3 .4 8 6 .22  1  8 .83 1 2 .6 7 1  10.84 6 .4 4 1 6 .7 1

(p = 0 .0 5 9 ) (p = 0 .0 1 4 ) (p = 0 .0 1 3 ) (p = 0 .2 0 2 ) (p = 0 .0 2 4 ) (p = 0 .0 6 1 )
*’ 2 ’ 3 after trea tm en t w ith  5, 10, 20  m g  /day  o f  enalap ril 
d ifference  are d iffe r b e tw een  tw o  dosag e 
* da ta  are show n as m ean  1  SD
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T h e  r e su lts  in  T a b le  15 s h o w e d  se a te d  S B P  an d  D B P  red u ctio n  a fter 3 w e e k s  

o f  o r ig in a l en a la p r il trea tm en t in  B e r g str a n d ’s  s tu d y  c o m p a r e d  w ith  th e  resu lts  in  th is  

stu d y  (4  w e e k s  o f  e a c h  trea tm en t p e r io d ). T h e  d if fe r e n c e  resu lt c o u ld  d u e in  part to  

th e  d if fe r e n c e  d e s ig n , th e  n u m b er  o f  e v a lu a b le  su b je c ts , an d  B P  m o n ito r in g  m eth o d .

Table 1 5  ะ M e a n  c h a n g e  fro m  b a s e lin e  in  o f f ic e  se a te d  S B P  and  D B P  (m m H g ) a fter  

trea tm en t w ith  en a la p r il fro m  B erg stra n d  e t  al. (3  w e e k s )  co m p a re d  w ith  th is  stu d y  ( 4  

w e e k s ) .

T rea tm en t d o s e B a se lin e 3 w e e k s B a s e lin e 4  w e e k s
(m g /day ) ท S/D ร D ท S/D ร D

P lacebo 0 27 157/96 1 -1 - - - -

E nalap ril 2 .5 32 157/96 -10* -5* 3 153/95 -21* -9*

E nalapril 5 27 155/97 -4 -4 11 148/94 -7 -4

E nalapril 10 27 161/98 -15* - 8 * 17 153/98 -13* -9*

E nalapril 2 0 28 159/95 -13* -4 9 156/101 -2 2 * -17*

E nalapril 40 29 159/96 -2 0 * -10* - - -

* s ign ifican t d ecrease  from  baselin e , p <  0.05 
D ata show n as m ean  o f  SB P  and D B P



R a te  o f  b lo o d  p r essu re  red u ctio n  

O ffice B lo o d  Pressure

R a te  o f  b lo o d  p ressu re  red u ctio n  w a s  c a lc u la te d  fro m  th e  m a g n itu d e  o f  B P  

red u ctio n  a fter trea tm en t w ith  d iffe ren t d o s e s  o f  en a lap r il d iv id e d  b y  th e d o sa g e  o f  

a d m in istra tio n  and a ls o  c a lc u la te d  from  th e  d iffe ren t in m a g n itu d e  o f  B P  red u ctio n  

after  trea tm en t w ith  th e  lo w  d o s e  and h ig h e r  d o s e s  d iv id e d  b y  th e  d iffe ren t in  d o sa g e  

o f  a d m in istra tio n  . T h e se  resu lt in  th e  m a g n itu d e  o f  B P  red u ctio n  per m g  o f  en alapril. 

T h e resu lts  o f  th is  s tu d y  in d ic a te d  th at th e  rate o f  o f f ic e  B P  red u ctio n  in m ild  and  

m o d er a te  h y p e r te n s iv e  p a tien t g ro u p s  w a s  te n d e d  to  in c r e a se  w ith  th e  h ig h er  d o s e  o f  

en alap ril w h e th e r  th e y  are S B P , D B P  or  M A P  (T a b le  16, F ig u re  8 -9 )  e s p e c ia lly  th e  

in c r e a se  in  rate b e tw e e n  trea tm en t w ith  5 and 10 m g  per d ay  o f  en alap ril 

a d m in istra tio n  in  m ild  h y p e r te n s iv e  p a tie n ts  w e r e  s ta tis t ic a lly  s ig n if ic a n t.

24-hour A m bula tory B lo o d  P ressure

In contrary , th e  d ifferen t fro m  o f f ic e  B P  resu lts  fo u n d  in  2 4 -h o u r  A B P M  

(T a b le  16, F ig u re  8 -9 )  T h e  resu lt s h o w e d  th at th e  ra tes o f  B P  red u ctio n  ten d ed  to  

d e c r e a se  e v e n  th o u g h  n o n  s ta tis t ic a lly  s ig n if ic a n t  w h e n  th e  p a tien ts  r e c e iv e d  h ig h er  

d o s a g e  o f  en alap ril e ith er  c o n s id e r e d  o n ly  d u rin g  d a y tim e , n ig h t-t im e  or as th e  w h o le  

2 4 -h o u r  w ith  th e  rate o f  S B P  red u ctio n  s h o w e d  m o st  p rom in en t. T h e  a v era g e  rate o f  

B P  red u ctio n  per m g  o f  en a la p r il a d m in istra tio n  w a s  a p p ro x im a te ly  1-2  m m H g  for  

S B P  and 0 .7  m m H g  fo r  D B P  in b o th  m ild  and  m o d er a te  h y p e r te n s iv e  p a tien ts  5 -2 0  

m g  per d a y  d o s a g e  w a s  a d m in istered . W h e n  th e  rate o f  B P  red u ctio n  du rin g  d a y -tim e  

and n ig h t-t im e  w e r e  co m p a re d  th eir  v a lu e s  w e r e  q u ite  s im ila r  b e tw e e n  m o n ito r in g
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p erio d s.



Table 16 ะ The effect of dosage administration on rate of BP reduction in hypertensive patients
R a te  o f  r e sp o n se M ild  H T N  (ท= 7 ) M o d e r a te  H T N  (ท= 9 )
(A  B P /m g) d o s a g e 1 

(5 m g /d ay )
d o s a g e 2 

( 1 0  m g /d ay)
d if fe r e n c e - d o s a g e 2 

( 1 0  m g /d ay)
d o s a g e 3 

( 2 0  m g /d ay)
d if fe r e n c e

O ffice B P *
SB P 0.4  ± 2 .3 4 1.42 ±  1.16 -1.03 ±  2 .3 7 1.01 ±  1.25 1.09 ± 0 .6 6 - 0 .02  ±  0.9
D B P 0.23 ± 0 .6 9 0 .97  ±  0.66 -0 .74  ± 0 .7 2 * * 0.75 ±  0.48 0 .87  ±  0.45 -0 .12  ± 0 .3 6
M A P 0.29  ± 0 .9 2 1.12 ±  0.73 -0 .83 ± 0 .6 3 * * 0 .84  ±  0.67 0 .94  ±  0.50 -0 .10  ± 0 .4 7

A verage 24-hour BP
SB P 2.2  ± 1 .39 1.58 ± 0 .7 7 0.61 ± 0 .7 0 1.22 ± 0 .7 9 0.9  ±  0.45 0 .32  ±  0 .47
D B P 0.66  ± 0 .1 9 0 . 8  ± 0 .1 6 -0 .1 4  ± 0 .2 8 0.55 ± 0 .4 8 0 .47  ± 0 .3 5 0 .02  ±  0 .24
M A P 1.14 ±  0.52 1.06 ± 0 .3 4 0 . 0 2  ± 2 . 8 0 .78  ± 0 .5 7 0.63 ± 0 .3 9 0 .14  ± 0 .2 9

A verage day-tim e*
SB P 2 .2 6  ± 1.43 1.53 ± 0 .7 2 0 .73  ± 0 .7 6 * * 1.19 ±  0 .89 0.8  ± 0 .5 0 0 .39  ± 0 .5 9
D B P 0.71 ± 0 .5 3 0.71 ± 0.38 0 .0  ± 0 .3 9 0.65 ± 0 .4 5 0.5 ± 0 .3 6 0.15 ± 0 .1 9 * *
M A P 1.26 ± 0 .6 9 1.0 ±  0.41 0 .2 6  ± 0 .3 9 0.85 ± 0 .5 6 0 .62  ± 0 .4 1 0.23 ±  0 .25**

A verage night-tim e*
S B P 2 .08  ±  1.41 1.68 ±  1.04 0 .4  ±  0 .8 0 1.31 ±  1.28 1.08 ± 0 .7 1 0.23 ±  0 .26
D B P 0.6  ±0.71 0 .86  ± 0 .5 2 -0 .2 6  ±  0 .3 0 0 .39  ± 0 .6 9 0 .42  ± 0 .50 -0 .03 ±  0 .46
M A P 1.06 ± 0 . 8 8 1.11 ± 0 .6 7 -0 .03 ±  0 .42 0.62 ± 0 . 8 8 0.63 ±  0.54 0 .00  ± 0 .5 7

d iffe rence  are  d iffe r be tw een  tw o dosag e  
* d a ta  are show n as m ean  ±  SD,
** p < 0 .05  versus low er dose
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Figure 8  ะ C o m p a r iso n  rate o f  b lo o d  p r essu re  red u ctio n  b e tw e e n  d o sa g e  o f  

a d m in istra tio n  in  m ild  h y p e r te n s iv e  p a tien ts  (ท= 7 )

8 a. Office Blood Pressure

□  5 m g
□  1 0  m g

8 b. 24-hour Blood Pressure

□  5 m g
□  10 mg

8 c. Daytime-time Blood Pressure

□  5 m g
□  1 0  m g

□  5 m g
□  1 0  m g

SBP(p=0.236) DBP(p=0.067) MAP(p=0.733)



S B P (p = 0 .4 1 1) D B P (p = 8 6 1 ) M A P (p = 0 .9 5 5 )

Ra
te o

f B
P r

edu
ctio

n 
(m

mH
g/m

g)
๐ 

7->
๐

 
บ

า
-

‘•
บ

า 
N)

ธ
□

K) O
O

3
3

|0Q
CJQ

Ra
te o

f B
P r

edu
ctio

n
(m

mH
g/m

g)
๐ 

7-* 
o 

บ
า

—‘
บา 

N)

If
9 c. Day-time Blood Pressure

S B P (p = 0 .0 7 5 )  D B P (p = 0 .3 2 8 ) M A P (p = 0 .1 7 6 )

Ra
te o

f B
P r

edu
ctio

n 
(m

mH
g/m

g)
๐

 
-A

๐
 

บ
า

-
‘

บา
 

hj

p a. ท e -I fl)

Ra
te 

of
 B

P 
re

du
cti

on
 

(m
mH

g/m
g)

๐ 
ช

า
-‘

ชา 
N>

พ รุ?' P ôe P H ๐ พ ฯช ร
ุ' 1 P น) ON นเ 2 > ร' H O

V© F ๐ 3 0 « 2 1 CL 7 c rD

□
□

K)
1—

>
O

O
3

3
CfQ

OQ

CD Q- ç O ๐' 3 cr ô) à) ร D a- ๐ en P OQ ๐ ๐
CO

a d m in istra tio n  in m o d er a te  h y p e r te n s iv e  p a tien ts . (ท= 9 )



R ate o f  B P  reduction  a n d  individual fa c to r s  o fp a tien ts .

A ge

W h e n  th e  r e la tio n sh ip  b e tw e e n  th e  rate o f  B P  red u ctio n  and th e  a g e  o f  p a tien ts  

w e r e  c o n s id e r e d , it w a s  fo u n d  that th e  rate o f  m ea n  M A P  red u ctio n  in  m ild  and  

m o d er a te  h y p e r te n s iv e  p a tien ts  a fter trea ted  w ith  eq u a l d o s a g e  o f  10  m g  per en alap ril 

d a y  s h o w e d  te n d e n c y  to  d e c r e a se  w ith  o ld e r  p a tie n ts  w h e n  o f f ic e  B P  w e r e  to  

ev a lu a tio n  (F ig u r e  10 a). In contrary , rate o f  B P  red u ctio n  o b ta in e d  from  2 4 -h o u r , 

d a y -t im e  and n ig h t-t im e  s h o w e d  s lig h t ly  in c r e a se  in h ig h e r  a g e  (F ig u re  10 b -d ). 

H o w e v e r , th e  R 2 o b ta in e d  w a s  so  sm a ll th at n o  r e la tio n sh ip  b e tw e e n  a g e  and rate o f  

M A P  red u ctio n  w a s  c o n c lu d e d .

Sex

F ro m  th is  s tu d y , w h e n  fo c u s  w a s  e s p e c ia l ly  pu t o n  s e x  o f  p a tien ts  and rate o f  

B P  red u ctio n , th ere  w e r e  n in e  m a le s  and s e v e n  fe m a le s  h y p e r te n s iv e  p a tien ts  in c lu d ed  

in  th e  c o n s id e r a tio n . C o m p a r iso n  o f  rate o f  B P  red u ctio n  b e tw e e n  m a le  and fe m a le  

p a tien ts  a fter  r e c e iv in g  10 m g  per d a y  en alap ril w a s  s h o w n  in  F ig u r e  11. sh o w n  that 

T h e  r e su lts  from  o f f ic e  B P  and 2 4 -h o u r  A B P M  w e r e  d iffe ren t. H o w e v e r , n o  

s ig n if ic a n t  r e la tio n sh ip  b e tw e e n  s e x  and th e  rate o f  red u ctio n  o f  S B P , D B P  or  M A P  

co u ld  b e  fo u n d  n o  m atter  th e  B P  m o n ito r in g  p a ra m eters  c o n s id e r e d  w e r e  2 4 -h o u r  B P , 

d a y -t im e  B P  or n ig h t-t im e  B P . T h erefo r e , it co u ld  b e  c o n c lu d e d  th at th ere  w a s  n o  

s ig n if ic a n t  r e la tio n sh ip  b e tw e e n  se x  and th e  ra te  o f  B P  red u ction .

B ody M a ss lndex(B M I)

W h en  th e  r e la tio n sh ip  b e tw e e n  B M I o f  p a tien t and th e  rate o f  M A P  red u ctio n  

in m ild  and m o d er a te  h y p e r te n s iv e  p a tien ts  a fter r e c e iv in g  en a la p r il 10 m g  per d ay  

w a s  c o n s id e r e d  (F ig u r e  1 2 ), th e  resu lts  o b ta in e d  fro m  o f f ic e  B P  w e r e  s im ila r  to  th e  

n ig h t-t im e  B P , i .e , th at it s e e m  to  b e  s lig h t ly  h ig h e r  rate w ith  in c r e a s in g  B M I. O n th e

74
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Other hand, 2 4 -h o u r  B P  and d a y -t im e  B P  s h o w e d  th at th e  rate o f  B P  red u ctio n  w a s  

d e c r e a se d  w ith  h ig h e r  p a tie n t’s B M I. S in c e  th e se  r e la t io n sh ip s  w e r e  v e r y  sm a ll and  

in c o n s is te n t , th e  c o n c lu s io n  o f  n o  re la tio n sh ip  b e tw e e n  p a t ie n t’s B M I and rate o f  

M A P  red u ctio n  w a s  m ad e.

P retreatm ent B lo o d  Pressure & Stage o f  hypertension

N o  re la tio n sh ip  b e tw e e n  p retrea tm en t b lo o d  p ressu re  and h is  r e sp o n se  to  

a n tih y p e r te n s iv e  d ru gs (b y  fo c u s  o n  th e  rate o f  B P  r e d u c tio n ) w a s  fo u n d  w h e n  th e  

r e la tio n sh ip  b e tw e e n  s ta g e  o f  h y p e r te n s io n  and rate o f  M A P  red u ctio n  a fter treatm en t 

w ith  10  m g  per d a y  o f  en a lap r il (F ig u re  1 3 -1 4 )  w a s  c o n s id e r e d . S im ila r  resu lts  w e r e  

o b ta in e d  from  o f f ic e  B P  and 2 4 -h o u r A B P  m o n ito r in g . It w a s  sh o w n  th at m ild  

h y p e r te n s iv e  p a tien ts  h a v e  h ig h e r  rate o f  S B P , D B P  and M A P  red u ctio n  th an  

m o d er a te  h y p e r te n s iv e  p a tien ts  in  a ll m o n ito r in g  p e r io d s . H o w e v e r , th e se  

r e la tio n sh ip s  w e r e  n o t s ta t is t ic a lly  s ig n if ica n t.

T h e  resu lts  fro m  F ig u re  1 0 -1 4  s h o w e d  th at th ere  w e r e  n o  re la tion sh ip  b e tw e e n  

p a tie n t’s fa c to r s  th at w e r e  a g e , sex , B M I, p retreatm en t B P , s ta g e  o f  h y p e r te n s io n  and  

th e  rate o f  B P  red u ctio n . T h e  resu lts  are d iffer  from  s o m e  p r e v io u s  s tu d ie s  w h ic h  

s h o w e d  that th ere  w a s  a s ig n if ic a n t p o s it iv e  co rre la tio n  b e tw e e n  B P  red u ctio n  and th e  

p retrea tm en t B P (50'51), bu t n o  re la tion  b e tw e e n  th e  r e s p o n s iv e n e s s  to  en alapril and  

p a tie n t’s a g e ( 38,51}. F in a lly , w e  ca n n o t e x c lu d e  th e  p o s s ib ili ty  that th e  d iffe r e n c e  in  

2 4 -h o u r  a n tih y p er ten s iv e  a c tio n  co u ld  p artia lly  a ttribu te to  e f fe c t s  o th er than A C E  

in h ib it io n . A  d iffe ren t m o d u la tio n  o f  en alap ril a c tio n  o n  b rad yk in in  b rea k d ow n  

in h ib it io n , p rosta g lan d in  sy n th e s is , or sy m p a th e tic  a c t iv ity  c o u ld  a lso  a c c o u n t for  th e  

o b se r v e d  trea tm en t d iffe r e n c e  in  th e  b lo o d  p ressu re  lo w e r in g  e ffe c t .
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Figure 10 ะ Relationship between age vs rate of mean MAP reduction in mild and
moderate hypertensive patients after administration 10 mg enalapril. (ท=16)

10 a. Office Blood Pressure(MAP) R2 = 0.1674

10 c. Day-time Blood Pressure(MAP) R 2 = 0 0077

30 40 50 60 70 80Age (y) (p=ทร)

10 b. 24-hour Blood Pressure(MAP) R 2 = 0 0102

30 40 50 60 70 80Age (y) (p=ทร)

10 d. Night-time Blood Pressure(MAP) R 2 = 0 0025

Age (y) (p=ns)
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Figure 12 ะ Relationship between BMI v s  rate of mean MAP reduction in mild and
moderate hypertensive patients after administration 10 mg enalapril. (ท=16)

12 a. Office Blood Pressure(MAP) R2 = 0.0024

12 b. 24-hour Blood Pressure(MAP) R2 = 0.0296

20 25BMI (kg/m2) (p=ns)30 35

12 c. Day-time Blood Pressure(MAP) R = 0.1236

20 25 BMI (kg/m ) (p=แร)30 35

12 d. Night-time Blood Pressure(MAP) R2 -  0 025

BMI (kg/m2) (p=แร)
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Figure 11 ะ C o m p a r iso n  rate o f  b lo o d  p r essu re  red u ctio n  b e tw e e n  m a le  and fe m a le

h y p e r te n s iv e  p a tien ts  a fter  a d m in istra tio n  10 m g  en alap ril (M = 9 , F = 7 )

X “  E

a

11a. 24-hour Blood Pressure

□  male
□  female

l i b .  24-hour Blood Pressure

□  male
□  female

SBP(p>0.100) DBP(p>0.100) MAP(p>0.100)

□  m a le
□  fe m a le

SBP(p>0.100) DBP(p>0.100) MAP(p>0.100)

Ç1๐
3  DC ■ จิ pÇJ
u  _ พ ิ)

ï  1๐ E
พุ(2

1.5

0.5

l i d .  Night-time Blood Pressure

□  male
□  female

0

SBP(pXUOO) DBP(pXUOO) MAP(p>0.100)
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Figure 13 ะ Relationship between pretreatment BP v s  rate of mean MAP reduction in
mild and moderate hypertensive patients after administration 10 mg enalapril. (ท=16)

13 a. Office Blood Pressure(MAP) R2 = 0 0244

13 b. 24-hour Blood Pressure(MAP) R 2 = 0.0085

100 105 _110 115 120Pretreatment MAP (mmHg) (p=ทร)

13 c. Day-time Blood pressure(MAP) R 2 = 0.017

100 105 110 115 120 125Pretreatment MAP (mmHg) (p=ns)

13 d . N ig h t- tim e  B lo od  P re s s u re (M A P )  R 2 =  0  0 4 6
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Figure 14 ะ Comparison rate of blood pressure reduction between mild and moderate
hypertensive patients after administration 10 mg enalapril. (mild=7, moderate=9)

14 a. Office Blood Pressure

□  m ild
□  m od era te

14 b. 24-hour Blood Pressure
2  1c_©

1 ฉ า.5 -
’ร ี Bะ ü , 1 -On ะc
ร ิ B'ร 1<u w 0.5 -
CSSL

0  -

□  m ild
□  m od era te

SBP(p>0.100) DBP(p>0.100) MAP(p>0.100)

14 c. Day-time Blood Pressure

□  m ild
□  m oderate

SBP(p>0.100) DBP(p>0.100) MAP(p>0.100)

14 d. Night-time Blood Pressure

□  m ild
□  m odera te

SBP(p>0.100) DBP(p>0.100) MAP(p>0.100)
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A rea  u n d er  th e  b lo o d  p ressu re  cu rv e  tA U C l

A U C  w a s  o n e  o f  th e  p aram eters w h ic h  w a s  u sed  to  ev a lu a ted  e f f ic a c y  o f  

a n tih y p e r te n s iv e  d ru g s(52). It co u ld  rep resen t b o th  freq u e n cy  and m a g n itu d e  o f  

ab n orm al B P . A U C  w a s  c a lc u la te d  b y  u s in g  area  u n d er  th e  s y s t o l ic  or  d ia s to lic  B P  

cu rv e , w ith  c u to f f  v a lu e s  o f  1 40  m m H g  d u rin g  d a y -t im e  and 1 2 0  m m H g  du ring  n ig h t­

t im e  fo r  S B P  and c u to f f  v a lu e s  o f  9 0  m m H g  d u rin g  d a y -t im e  and  8 0  m m H g  during  

n ig h t-t im e  fo r  D B P . F ig u re  15 s h o w e d  e v a lu a tio n  o f  a n tih y p e r te n s iv e  th erap y  by  

u s in g  th e  area  u n d er th e  s y s to l ic  b lo o d  p ressu re  cu rve.

Figure 15 ะ E v a lu a tio n  o f  a n tih y p e r te n s iv e  th era p y  u s in g  th e  area  u n d er th e  sy s to lic  

b lo o d  p ressu re  cu rv e  w ith  c u to f f  v a lu e s  o f  140  m m H g  d u rin g  w a k in g  h ou rs and 120  

m m H g  d u rin g  s le e p in g  fo r  (a ) p la c e b o  and (b ) a n tih y p e r te n s iv e  th erapy.
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D a ta  o b ta in e d  fro m  th is  stu d y  (T a b le  1 7 ) s h o w e d  th at th e  in itia l d o sa g e  co u ld  

p r o d u c e  a m o r e  p r o n o u n ced  e f fe c t  o n  th e  red u ctio n  in  th e  A U C  o f  S B P  and D B P  

(a b o v e  n orm al b lo o d  p r essu re ) than th e  c o n s e c u t iv e  d o s a g e s . M o s t  o f  th e  A U C  

r e d u c tio n  w e r e  a p p r o x im a te ly  1 8 0 -2 5 0  m m H g .h  fo r  S B P  and 4 5 - 8 0  m m H g .h  for  D B P

E v e n  th o u g h  th e  resu lts  in d ic a te d  th a t e a c h  d o s a g e  o f  en a la p r il co u ld  in d u c e  

s ig n if ic a n t ly  r e d u c t io n  in  area u n d er  th e  S B P  and D B P  cu rv e  w h e n  co m p a re d  to  

b a s e l in e  (p  <  0 .0 5 ) ,  e ith er  in  m ild  o r  m o d e r a te  h y p e r te n s iv e  p a tien ts . H o w e v e r , th e  

d if fe r e n c e  o f  A U C  r ed u ctio n  b e tw e e n  5 v e r s u s  10  m g  p er  d a y  in  m ild  h y p e r te n s iv e  

p a tie n ts  an d  10  v e r s u s  2 0  m g  in  m o d e r a te  h y p e r te n s iv e  p a tie n ts  w e r e  n o t  s ta tis tic a lly  

s ig n if ic a n t .

B y  u s in g  A U C  fo r  a s s e s s in g  e f f e c t  o f  th e  a n tih y p e r te n s iv e  d ru g  o v e r  t im e , 

se v e r a l c o n c lu s io n s  c o u ld  b e  d r a w n (52 \  F ir st , th e  e f fe c t  and  d u ra tion  o f  e f fe c t  o f  th e  

d r u g  o v e r  th e  en tir e  2 4 -h o u r  p e r io d  ca n  b e  im m e d ia te ly  v is u a liz e d . S e c o n d , th e  b lo o d  

p r essu re  lo a d  ca n  b e  c a lc u la te d  in  m m H g .h  o r , in  m ild  h y p e r te n s iv e s , a s  a  p e rcen ta g e  

o f  th e  b lo o d  p r essu re  d istr ib u tion . T h u s, d a ta  rem o v a l o r  sm o o th in g  m e th o d  is  

u n n e c e s sa r y  an d  q u ite  s im p le  s ta tis tic a l t e s t s  ca n  b e  u se d  to  c o m p a r e  th e  trea tm en t  

g r o u p s .

T h e  area  u n d er  th e  S B P  and D B P  c u r v e s  w e r e  s ig n if ic a n t ly  d e c r e a se d  a fter  

trea tm en t w ith  en a la p r il a s co m p a re d  to  b a se lin e . T h e se  d e c r e a s in g  in  areas w e r e  

in c r e a se d  w ith  in c r e a s in g  d o s e s  o f  en a la p r il. H o w e v e r , c o m p a r iso n s  b e tw e e n  th e  

in c r e a s in g  area  o f  5 m g  and 10 m g  per d a y  d o s e  o f  en a la p r il in  th e  m ild  h y p e r te n s iv e  

g r o u p  and b e tw e e n  th e  d e c r e a s in g  areas a fter  10 and 2 0  m g  p er d ay  d o s e s  o f  en alap ril 

in  th e  m o d e r a te  h y p e r te n s iv e  g r o u p  a ll s h o w e d  n o  s ta tis t ic a lly  s ig n if ic a n t .

A c c o r d in g  to  J -sh a p e  cu rv e , th e  r e d u c t io n  in B P  th at is to o  ex trem e  ca n  

p r o d u c e  s ig n s  and  /  o r  s y m p to m s  o f  o r g a n  d a m a g e  b e c a u s e  a rap id  and e x tr e m e
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red u ctio n  in  B P  b e lo w  th e  lim its  o f  th e  a u to re g u la to ry  cu rv e  m a y  c o m p r o m ise  

p e r fu s io n  o f  v ita l stru ctu res su ch  a s  th e  b rain  an d  heart. S o m e  e v id e n c e  s h o w e d  th e  

p r e fe r e n c e  o f  B P  r ed u ctio n  w h ic h  is  n o t lo w e r  th an  3 0  % fro m  b a s e lin e (52). T h e  area  

o f  B P  cu rv e  th ro u g h o u t 2 4 -h o u r  a fter trea tm en t w ith  en a la p r il w a s  th ere fo re  c la s s if ie d  

in to  5 in ter v a ls , th at w e r e , area  a b o v e  b a se lin e , area 0 -1 0  % b e lo w  b a se lin e , 1 0 -2 0  %  

b e lo w  b a se lin e , 2 0 -3 0  % b e lo w  b a se lin e  an d  area m o r e  th an  3 0  % b e lo w  b a se lin e .

T h e  r esu lts  sh o w n  in  T a b le  18 in d ic a te d  th at th e  areas o f  B P  a b o v e  b a se lin e  

w e r e  red u ce d  w ith  in c r e a se d  d o s a g e  o f  en a la p r il e ith e r  fro m  5 to  10 m g  per d a y  or  

fro m  10  to  2 0  m g  p er d a y . A fte r  trea tm en ts  th e  A U C  o f  S B P  and  D B P  fe ll m o s t ly  in  

th e  0 -1 0  % an d  1 0 -2 0  % b e lo w  b a se lin e  in ter v a ls  r e s p e c t iv e ly . V e r y  fe w  p e r c e n ta g e  

o f  A U C  w e r e  fe l l  in  th e  in ter v a l o f  >  3 0  %  b e lo w  b a se lin e  in d ica te d  that th e  d o se  

ran ge  5 -2 0  m g  o f  en a la p r il d id  n o t red u ce  th e  B P  b e y o n d  th e  e x tr e m e  rang (ju st o n e  

p a tien ts  a c c id e n ta lly  ta k e  th e  d o u b le  th e  d o s e  r esu lte d  in  m o r e  p e r c e n ta g e  o f  A U C  

red u ctio n  fro m  b a se lin e .

T h u s  fro m  th e  data  o b ta in e d , it w a s  sh o w n  th at en a la p r il ca n  p r o d u c e  s o m e  

e v id e n t  o f  B P  re d u c t io n  >  3 0  % fro m  b a se lin e  an d  p e r c e n ta g e  w a s  in cre a sed  w h e n

treated  w ith  h ig h e r  d o se .



Table 17 ะ The effect of dosage administration of enalapril on area above the normal blood pressure versus time curve

P aram eter M ild  H T N  (ท= 7 ) M o d e r a te  H T N  (ท= 9 )
b a s e l in e d o s a g e i d o s a g e 2 b a s e lin e d o s a g e 2 d o s a g e 3

(5 mg/day) (10 mg/day) (10 mg/day) (20 mg/day)

A U C  (m m H g .h )  
SBP* 2 9 4  ±  130.82  

(8 2 -4 9 6 )
107 ±  104 .50  

(1 6 -2 9 1 )
99  ± 9 9 .7 0  

(1 4 -2 6 7 )
3 76  ± 2 2 5 .4 6  

(1 0 1 -7 1 4 )
167 ±  175.96  

(2 1 -5 8 0 )
116 ±  122.83  

(0 -3 5 5 )

D BP* 106 ± 5 9 .2 0  
(5 5 -2 3 3 )

58  ± 6 4 .1 7  
(8 -1 8 4 )

4 6  ± 5 3 .7 7  
(0 -1 5 7 )

138 ± 6 7 .7 0  
(4 4 -2 4 3 )

80 ± 8 7 .2 6  
(0 -2 5 2 )

60  ±  6 2 .5 0  
(0 -1 6 7 )

M ild  H T N  (ท= 7 ) M o d e r a te  H T N  (ท= 9 )
d o s a g e i v s  B  

(5 mg/day)
d o s a g e 2 v s  B  

(10 mg/day)
d o s a g e i  v s  d o s a g e 2 d o s a g e 2 v s  B  

(10 mg/day)
d o s a g e 3 v s  B  

(20 mg/day)
d o sa g e2  v s  d o sa g e 3

A A U C  (m m H g .h )  
SBP*

D BP*

186 ±  104.20
(p =  0 .0 1 0 )

4 7  ± 2 1 .2 5  
( p - 0 .0 0 3 )

194 ±  107 .67  
(p =  0 .0 0 9 )  
60  ± 2 2 .9 0
(p =  0 .0 0 1 )

8 ± 3 3 .7 1  
(ns)

12 ± 2 7 .3 2  
(ns)

2 0 9  ±  154.21  
Cp =  0 .0 1 1 )  
58 ± 4 9 .7 0  
(p =  0 .0 2 4 )

2 5 9  ±  139.65
(p =  0 .0 0 2 )
78 ±  4 8 .3 6  

(p =  0 .0 0 4 )

51 ± 7 2 .2 7  
(ns)

19 ± 3 5 .3 3  
(ns)

A B P = d iffe ren ce  in  B P  b e tw een  d o sag e  
* da ta  are  show n as m ean  ±  SD 
*’ 2 ’ 3 a fte r trea tm en t w ith  5, 10, 20  m g  /d ay  o f  e n a la p r il  
B = base lin e

CD



Table 18 ะ % reduction of area under the curve after treatment of enalapril in hypertensive patients

M ean % A UC red 
(Frequency)

no tion M ild H TN  (ท=7) M oderate H TN  (ท=9)
AUCs AUCd AUCs AUCd

dosage 1 dosage2 dosage 1 dosage2 dosa’ge2 dosage3 dosage2 dosage3

> Baseline % 22 ± 15.85 13 ± 1 1.72 38 ± 6.00 22 ± 6.08 19 ± 17.81 10 ± 10.45 27 ± 21.39 20 ± 17.27
(range) (4-48) (0-30) (26- 43) (17-35) (0-43) (0-30) (0-52) (0-43)

0 - 1 0 % 36 ± 12.00 35 ± 15.47 35 ± 9.39 30 ± 7.29 41 ± 19.27 38 ± 23.71 40 ± 10.07 31 ±20.75
(range) (22-57) (13-52) (22-52) (22-43) (17-61) (0-74) (26-57) (0-65)

10-20% 27 ± 10.90 30 ± 13.75 20 ± 4.24 35 ± 12.04 31 ±20.60 26 ± 13.92 25 ± 11.08 29 ± 13.92
(range) (3-48) (4-48) (13-26) (17-52) (4-61) (9-43) (9-39) (9-48)

20 -  30 % 14 ± 16.24 20 ± 18.76 6 ± 4.24 9 ± 6.64 9 ± 10.20 22 ± 21.63 7 ± 9.22 12 ± 10.65
(range) (0-43) (0-48) (0-13) (4-22) (0-30) (0-70) (0-26) (0-26)
> 30 % 1 ± 3.29 2 ± 3.42 1 ± 3.29 3 ± 5.45 0 ± 0.00 4 ± 7.35 1 ± 3.07 8 ± 18.50
(range) (0-9) (0-9) (0-9) (0-13) (0) (0-22) (0-9) (0-57)
Total (%) 100 100 100 100 100 100 100 100

A U C s, A U C d m ean a rea  under the  cu rve  o f  sy sto lic  an d  d iasto lic  b lo o d  p ressu re  

*’ 2, 3 after trea tm en t w ith  5, 1 0 ,2 0  m g enalap ril
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T h e  B lo o d  P ressu re  lo a d s

T a b le  19 -21  s h o w e d  th e  fr e q u e n c y  and  th e  a b so lu te  v a lu e  (th e  m a g n itu d e ) o f  

B P  lo a d s  at b a se lin e  and a fter trea tm en t w ith  o f  d iffe r e n t d o s a g e  ran ged  fro m  5 -2 0  m g  

en a la p r il p er  day . W h e n  fr e q u e n c y  o f  B P  lo a d s  w e r e  c o n s id e r e d , it w a s  fo u n d  that 

h ig h e r  d o s e s  r e su lte d  in  h ig h e r  red u ctio n  in  fr e q u e n c y  o f  B P  lo a d s  b u t th e se  

re d u c tio n s  w e r e  n o t  lin ea r ly  p r o p o rtio n ed  to  th e  d o s a g e  a d m in istered . T h e  red u ctio n  

in  fr e q u e n c y  fo r  S B P  ran ged  fr o m  10 %  to  5 0  %  w ith  th e  d o s e s  o f  5 - 2 0  m g  p er day. 

T h e  r e d u c t io n  in  fr e q u e n c y  fo r  D B P  w e r e  a p p r o x im a te ly  10  %  to  3 0  %  w ith  th e  

d o s e s  o f  5 -2 0  m g  p e r  day . W h e n , th e  m a g n itu d e  o f  B P  lo a d s  w e r e  c o n s id e r e d , th e  

r e su lts  s h o w e d  th at h ig h e r  d o s e s  resu lte d  in  h ig h e r  re d u c t io n s  in  th e  m a g n itu d e  o f  

S B P  lo a d s  b u t th e s e  r e d u c t io n s  w e r e  n o t  lin e a r ly  p r o p o rtio n  w ith  d o se . T h e  r ed u ctio n  

o f  th e  m a g n itu d e  B P  lo a d s  in  m a jo r ity  o f  th e  p a tien ts  w e r e  arou n d  6  m m H g  fo r  S B P  

and 2  m m H g  fo r  D B P  w ith  5 -2 0  m g  p er  d a y  d o s e  o f  en a lap r il.

T h e  resu lt s h o w e d  th at B P  lo a d s  w e r e  s ig n if ic a n t ly  r ed u ce d  a fter  en alap ril  

trea tm en t c o m p a re d  to  b a se lin e . T h e  r e d u c t io n  in  B P  lo a d  (b o th  fr e q u e n c y  and  

m a g n itu d e )  w a s  im p o rta n t b e c a u s e  s e v e r a l d a ta  su p p ort th e  v ie w  th at B P  lo a d  is  a 

b e tter  d e term in a n t o f  ca rd ia c  an d  v a sc u la r  a b n o r m a lit ie s  th an  e ith e r  c a su a l or  m ea n

( 14-16)2 4 -h o u r  A B P M  v a lu e s



Table 18 ะ The frequency and the magnitude of BP loads at baseline and after enalapril treatment

Parameter Mild HTN (ท=7) M oderate HTN (ท=9)
B a s e l in e d o s a g e  1 

(5 m g /d ay )
d o s a g e 2 

(10 m g /d ay )
B a s e l in e  d o s a g e 2 

(10 m g /day)
d o s a g e 3

(20 m g /d ay )
F re q u e n c y  o f  B P  lo a d s  ( % ) r

2 4 -h o u r B P  load
SB P 60  ± 2 5 .2 7 •50 ±  2 4 .6 6  m 32 ± 2 0 .5 8 * 7 4  ± -24 .27 51 ± 2 2 .3 2 * 42 ± 2 6 .3 4 * *
D B P 54 ±  13.94 39 ±  21 .03  m 27 ±  16 27* 6 6  ±  18 2 1 39 ± 2 5 .3 5 * 35 ± 2 4 .8 4 *

d ay tim e  B P  lo ad
SB P 60  ±  22.63 42 ±  26 .66* 32 ±  18.82* 72  ±  2 7 .2 9 50 ± 2 7 .8 3 * 39 ± 2 4 .5 4 * *
D B P 53 ±  12.40 43 ±  17.06 m 27  ±  16.07* 65  ±  20  39 35 ± 2 4 .1 6 * 36 ± 2  4 .57*

n ig h ttim e  B P  lo ad
SB P 79 ±  18.81 39 ±  32 .15  ns 30 ±  3 3 .91* 85 ± 2 0 .4 2 71 ±  2 8 .70  ns 42 ± 3 7 .1 0 *
D B P  54 ±  26 .88  

Absolute value of pressure of B P  loads (m m H g ) 1

41 ±  3 3 .64  M 25 ± 2 8 .0 3  * 6 8  ± 2 5 .7 8 51 ±  2 6 .14  m 39 ±  31 .45  m

2 4 -h o u r B P  load
SB P 19 ± 4 .3 4 14 ±  2 .69  ns 1 2 ± 7 . 1 4 ns 19 ± 6 .2 9 13 ± 4 .3 1 * 1 1  ± 4 .2 2 *
D B P 10 ± 2  79 8  ±  2 . 1 2  115 8  ± 2  97 m 1 0  ± 2 .0 6 8 ± 3 .3  m 7 ±  2 .89*

d ay tim e  B P  lo ad
SB P 20 ±  5.76 13 ± 2 2 .3 6 * 13 ±  6 . 8 8  m 17 ± 6 .0 6 12 ± 3 .4 2 10 ± 4 .4 6 *
D B P 10 ± 2 .7 9 8  ±  2 . 1 2  m 8  ±  2 .6 4  m 10 ± 3 .5 8 13 ±  15.92 m 7 ± 3 97 m

n ig h ttim e  B P  lo ad
SB P 15 ± 5 .0 6 17 ±  4 .99  m 7 ± 8 .5 8 * 24 ±13.71 17 ±  8 .82  m 13 ± 6 .7 9 *
D B P 11 ± 3 .2 6 6  ±  3 .4 1 m 5 ± 4 .7 1 * 9 .4  ± 3 .4 7 8 ± 5.45 m 7 ±  5 .61m

1 da ta  a re  sh ow n  as  m e an  ±  SD
* p  <  0 .05  ve rsu s  b a se lin e , ** p  <  0.001 v e rsu s  b a se lin e  
n s  -  n o t s ig n ifican t

00



Table 19 : The effect of dosage administration of enalapril on the reduction in frequency of BP loads

Parameter M ild HTN (ท=7) Moderate HTN (ท=9)
dosagei 

(5 mg/day)
dosage2 

(10 mg/day)
A BP dosage2 

(10 mg/day)
dosage3 

(20 mg/day)
A BP

- average 24-hour*
SBP 10.86 ± 12.54 28.14 ±20.32 17.29 ±23.57 23.67 ± 18.75 32.78 ± 13.98 9.11 ± 12.30• (p=0.185) (p = 0.032) (p=0.302) (p = 0.016) (p< 0.001) (p=o: 171)
DBP 15 00 ± 12.22 26?29 ± 10.58 11โ29± 10.90 26 44 ±19.96 30.67 ± 19.24 4.22 ±5.00

(p=0.053) (p = 0.002) (p=0.101) (p = 0.012) (p = 0.004) (p=0.105)
- average day-time*

SBP 18.57 ± 14.09 28.00 ± 13.32 9.43 ± 10.16 22.00 ±21.69 32.89 ± 14.91 10.89 ± 15.66
(p = 0.039) (p = 0.006) (p=0.148) (p = 0.048) (p< 0.001) (p=0.211)

DBP 9.57 ±11.28 25.43 ± 16.14 15.86 ± 12.94 29 89 ±21.39 28.67 ± 19.38 -1.22 ±6.22
(p=0.198) (p = 0.018) (p=0.053) (p = 0.009) (p = 0.007) (p= 1.000)

- average night-time *
SBP 39.43 ±32.20 48.29 ±34.52 8.86 ±27.98 14.11 ±32.33 42.56 ±31.15 28.44 ±35.44

(p=0.053) (p = 0.030) (p= 1.000) (p=0.680) (p = 0.010) (p=0.128)
DBP 13.43 ± 17.54 29 57 ± 18.2 16.14 ±20.24 16.78 ± 30.65 29*56 ± 32.40 12 78 ±18.92

(p=0.268 ) (p = 0.015) (p=0.238) (0.418 ) (p=0.077) (p=0.232)

data are shown as mean ± SD 
A BP = difference in BP between dosage

๐ว 
00



T able  20 ะ The effect of dosage of enalapril on the reduction in absolute BP loads

Parameter M ild HTN (n=7) Moderate HTN (ท=9)
dosagei 
(5 mg/d)

dosage2 
(10 mg/d) A BP dosage2 

(10 mg/d)
dosage3 
(20 mg/d) A BP

- average 24-hour*
SBP 5.14±4.34 6.2916.52 1.14 15.40 6.2215.63 8.33 15.24 2.11 13.72

(p=0.060) (p=0.131) . (p= 1.000) (p = 0.032) (p = 0.004) (p=0.382)
DBP 2.2913.20 2.001 1.63 -0.29 13.74 1*7813.74 2.56 1 2.45 0.7813.31

(p=0.323) (p=0.053) (p= 1.000) (p=0.573) (p = 0.043) (p= 1.000)
- average day-time *

SBP 7.1415.40 7.57 16.29 0.43 15.09 4.33 14.87 6.4415.53 2.11 15.23
(p = 0.038) (p=0.057) (p= 1.000) (p=0.085) (p = 0.024) (p=0.782)

DBP 2.013.21 1.42 12.15 -0*5713.10 -3.671 15.57 2.2214.18 5.89 117.66
(p=0.453) (p=0.387) (p= 1.000) (p= 1.000) (p=0.447) (p= 1.000)

- average night-time *
SBP -1.43 15.38 8.71 15.12 10.1417.34 6.891 11.74 10.67 1 10.57 3.7815.19

(p= 1.000) (p = 0.012) (p= 0.032) (p=0.349) (p = 0.049) (p=0 182)
DBP 5.00 14.54 5.8614.14 0.8614.67 1.7814.35 2.6714.87 0.8913.06

(p=0.081) (p = 0.029) (p= 1.000) (p=0.766) (p=0.418) (p= 1.000)

* data are shown as mean ± SD 
A BP = difference in BP between dosagei and dosage2 

*’2’3’ after treatment with 5, 10, 20 mg /day enalapril

CD
CD
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T r o u g h  to  p e a k  ratio

F ro m  th e  2 4  h ou r A B P  p r o file  o f  e a c h  p a tien t, in d iv id u a l tr o u g h  and peak  

a n tih y p e r te n s iv e  e f f e c t s  w e r e  o b ta in e d  (T a b le  2 2 ) . T h e  t im e  to  p e a k  a n tih y p e r te n s iv e  

e f fe c t s  or m a x im a l B P  fa ll w a s  a p p r o x im a te ly  4  to  8 h o u rs  p o s t -d o s e  fo r  en alapril. 

W h e n  th e  T  :P ra tio s fo r  S B P  a fter  ta k in g  ร -2 0  m g  en a lap r il p er  d a y  w e r e  c o n s id e r e d , 

it w a s  fo u n d  th at th e  r ed u ctio n  o f  S B P  at tr o u g h  w a s  a p p r o x im a te ly  13 m m H g  w h ile  

th e  re d u c t io n  w a s  arou n d  3 0  m m H g  at p e a k  fo r  e ith er  d o s a g e s . T h e  T  : p  ratio o f  

m ea n  S B P  w a s  n e a r ly  eq u a l to  th e  m e a n  T  : p  ratio  o f  in d iv id u a l p a t ie n ts  w h ic h  w a s  

arou n d  4 0 - 5 0  % . T h e  T  : p  ratio  w a s  l ik e ly  t o  in c r e a se  w ith  in c r e a se d  d o s e . F o r  D B P ,  

it w a s  fo u n d  th a t th e  re d u c t io n  in  D B P  at tro u g h  w a s  arou n d  6 - 1 0  m m H g  w h ile  th e  

red u ctio n  w a s  a b o u t 17  m m H g  at p e a k  r e su lte d  in  th e  T  : p  fo r  D B P  to  b e  around 4 0 -  

6 0  % . H ig h e r  d o s e s  are l ik e ly  to  resu lt in  h ig h e r  T  : p  ratio  e ith er  c a lc u la te d  fro m  th e  

m e a n  D B P  o r  e v a lu a te d  a s  th e  m e a n  o f  th e  in d iv id u a l T  : p  ra tio s.

B a s e d  o n  th e  a ssu m p tio n  th at p a tien ts  w ith  h y p e r te n s io n  are  l ik e ly  to  r e c e iv e  

th e  g r e a te s t  b e n e fit  fro m  th era p y  w h e n  th e  a n tih y p e r te n s iv e  e f f e c t s  d o  n o t flu c tu a te  

g rea tly  d u r in g  th e  d o s in g  in ter v a l, th e  F D A  g u id e lin e s  in d ic a te  th a t th e  e f fe c t  o f  an  

a n tih y p e r te n s iv e  d ru g  at th e  en d  o f  th e  d o s e  in terva l (tr o u g h ) sh o u ld  b e  n o  le s s  th an  

h a lf  t o  tw o -th ir d s  o f  th e  p e a k  e f f e c t .(53) T h u s , a  tro u g h  : p e a k  ratio  o f  5 0 -6 6  %  is  

req u ired  fo r  th e  e f f ic a c y  o f  an a n tih y p e r te n s iv e  a g en t to  b e  c o n s id e r e d  sa tis fa c to r y  to  

its p r o p o se d  d o s a g e  in terva l.

In th is  s tu d y , th e  a v e r a g e  T  : p  ratio  o f  S B P  and D B P  a fter  a d m in is te r e d  5 and  

10 m g  per d a y  d o s a g e  o f  en a la p r il in m ild  h y p e r te n s iv e  p a tie n ts  w e r e  lo w e r  than 5 0  

% , o n ly  t w o  o f  s e v e n  p a tie n ts  had  T  : p  ra tio s  w h ic h  w e r e  h ig h e r  th a n  5 0  %  e x c e p t fo r  

th e  T  : p  ratio  o f  D B P  a fter  10 m g  a d m in is tra tio n  o f  en a la p r il w h ic h  th e  T  :P w a s  

e s t im a te d  from  th e  m e a n  D B P , w a s  fo u n d  to  b e  5 0  %  and n u m b er  o f  p a tie n ts  w h o s e  T
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: p  ratio  v a lu e s  w e r e  >  5 0  % w e r e  4  o u t o f  7 p atien ts. T h is  m ea n s  that w ith  lo w  

d o s a g e s  th e  en alap ril in d u ced  B P  lo w e r in g  e f fe c t  m ig h t n o t b e  su ff ic ie n t  in th e  last  

fe w  h o u rs  o f  th e  o n c e  d a ily  d o s in g  in terva l. It w a s  s u g g e s t  th at 5 m g  o f  en alap ril 

sh o u ld  a d m in is ter  tw ic e  d a ily  to  o b ta in  2 4 -h o u r  b lo o d  p ressu re  co n tro l. H o w e v e r , th e  

resu lt o b ta in e d  from  m o d er a te  h y p e r te n s iv e  p a tien ts  s h o w e d  th e  m ea n  T : p  ratios  

w h ic h  w e r e  >  50%  and th e  p e rcen t o f  p a tien ts  w h o s e  T: p  ra tio s  w e r e  >  5 0  % w e r e  

a ls o  in creased : Z an n ad  had r e v ie w e d  th e  literatu re fro m  1 9 8 6  to  1 9 9 2  and rep orted  

th a t a  w id e  ra n g e  o f  T  : p  ratio  v a lu e s  ra n g ed  fro m  5 0 -8 0  %  w a s  fo u n d  w ith  d o s a g e  o f  

5 -  2 0  m g  O D  o f  en a la p r il and  c o n c lu d e d  th a t th e  a fo r e m e n tio n e d  d o s a g e  r e g im e n  o f  

en a la p r il c o u ld  co n tro l th e  B P  fo r  2 4 -h o u r . S o m e  o th er  s tu d ie s  s h o w e d  th at after 4 -  

w e e k s  trea tm en t w ith  1 0 -2 0  m g  en a la p r il O D , th e  T  : p  ratio  w a s  fo u n d  to  b e  a b o v e  5 0
070(54)

C o n c e r n in g  o n  th e  a d v e r se  e f f e c t s  o f  en a la p r il in  h y p e r te n s iv e  p a tien td  w h o s e  

c o m p le te  th e  stu d y  w e  fo u n d  th at th ree  o f  tw e n ty -fo u r  h y p e r te n s iv e  p a tien t rep orted  

c o u g h  (1 2 .5 % ), f iv e  o f  tw e n ty -fo u r  w e r e  rep ea ted  lab o ra to ry  m o n ito r in g , n o  p a tien ts  

w h o s e  had  e le v a te d  in  seru m  c r e a tin in e  or p o ta ss iu m  le v e l . O n e  p a tien t o n  en alap ril 5 

m g  p er d a y  had  m ild  o rth o sta tic  sy m p to m  and  had n o t sy m p to m  w h e n  titra ted  d o s e  to

2 .5  m g  p er day.



T able 22 ะ The trough and peak BP changes and the T:P ratio after enalapril treatment

Parameter M ild HTN (ท=7) Moderate HTN (ท=9)
dosage 1 
(5 mg/d)

dosage2 

(10 mg/d)
dosage2 

(10 mg/d)
dosage3 

(20 mg/d)

SBP1
A BP at Trough (mmHg) 13 ±4.46 13 ±3.09 14 ± 5.17 12 ±5.38
A BP at Peak (mmHg) 31 ±7.92 28 ±6.68 32 ±9.80 23 ± 9.72
T :P ratio of mean (%) 42 46 44 52
T:P ratio of individual (%) (range) 41 ±9.54 47 ± 10.14 43 ± 10.56 51 ± 12.68

(31-55) (37 - 65) (22 - 55) (34 - 76)

DBP1
A BP at Trough (mmHg) 6 ±2.37 8 ± 2.98 10 ±3.67 10 ±4.37
A BP at Peak (mmHg) 17 ±5.00 16 ± 4.10 18 ±5.83 17 ± 5.81
T:P ratio of mean (°/o) 35 50 56 59
T:P ratio of individual (%) (range) 43 ±4.86 49 ± 13.16 54 ± 12.98 59 ± 11.76

(38 - 50) (33 - 72) (33 - 74) (42 - 76)

1 data are shown as mean ± SD
',2’3’ after treatment with 5, 10, 20 mg/day enalapril

CD
ro


	CHAPTER IV RESULT AND DISCUSSION

