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RELATION OF FAMILY HISTORY OF HYPERTENSION TO PLATELET

AGGREGATION, RATIO OF TOTAL CHOLESTEROL TO HDL CHOLESTEROL

AND URINARY KALLIKREIN EXCRETION

BY

Jaw-Hwa Lin, Tatsuo SH116AI, and Jugoro TAKEUCHI*!

ABSTRACT

Some of the relatively easily measurable and possibly hypertension-associated parameters
were evaluated in thirty normotensive young subjects divided into the PHT (either parent
hypertensive) group and the PNT (both parents normotensive) group. In subjects of the PHT
group, the platelet aggregating sensitivity to the arachidonic acid and the ratio of total
cholesterol to HDL cholesterol were significantly (p<<0.05) increased while urinary kallikrein
excretion was decreased without simultaneously significant elevation of blood pressure. The
enhanced platelet aggregating sensitivity to the arachidonic acid and the increased ratio of total
cholesterol to HDL cholesterol suggest that subjects with a positive family histroy of hyperten-
sion might have a greater tendency to atherosclerosis and could contribute to the development
of essential hypertension. Decreased urinary kallikrein excretion suggests that the vasodepres-
sive activity of the kallikrein-kinin system might be inhibited in subjects with a positive family
history of hypertension.
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INTRODUCTION

Although many theories have been
raised about the etiology of essential hy-
pertension, the conclusion still remains
uncertain. As most of them have esti-
mated the established hypertensive sub-
jects, the possibility that the secondary
changes due to hypertension might be
mistaken for its etiology shouldn’t be
neglected. Basing on the fact that here-
dity plays an important role in the deve-
lopment of essential hypertension
(Stamler et al. [1]; Ayman [2]), the pre-
sent study was designed to evaluate some
of the relatively easily measurable and
possibly hypertension-associated para-

meters such as platelet aggregation, uri-
nary kallikrein excretion and serum li-
pids in normotensive young subjects
either with or without a family history of
hypertension.

MATERIALS AND METHODS

One hundred and forty-nine medical
students of Tokyo Medical and Dental
University were screened for their family
history of hypertension. Thirty males of
them participated in the study as volun-
teers. The volunteers were divided into
the PHT (either parent hypertensive,
n=14) group and the PNT (both parents
normotensive, n=16) group according to
their family history of hypertension.
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They were asked to collect their 24-hour
urine in a polyethylene collecting bottle
containing 3 m/ of toluene solution and
measure the amount of the collected
urine at home on a specific day. The next
morning, they visited the outpatient de-
partment of the university hospital in a
fasting state, bringing 30 m/ of the col-
lected urine for the determination of
urinary sodium, potassium, creatinine
and kallikrein excretion. After bed rest
tor 30 minutes, the blood pressure and
pulse rate were measured in a supine
position. Then, 9 m/ of the whole blood
were collected from the cubital vein with
a 21 gauge needle and plastic disposable
syringe. No tourniquet was used in this
procedure. The collected blood was well
mixed with 1 m/ of 3.8% sodium citrate
solution for the determination of the
platelet count and platelet aggregability.
Again, 10 m/ of the venous blood were
collected for the analysis of blood bioche-
mistry and hematocrit.

The blood mixed with sodium citrate
was centrifuged at 1,000 rpm (revolu-
tions per minute) for 10 minutes at room
temperature to obtain the platelet-rich
plasma (PRP) of the upper layer. The
remaining was centrifuged again at 3,000
rpm for 10 minutes to obtain the platelet-
poor plasma (PPP). Platelets suspended
in the PRP were counted by a platelet
counter (TOA PL-100) and their aggre-
gability was estimated by a platelet aggre-
gometer (NKK Hema Tracer 1, Model
PAT-4A). The estimation of platelet ag-
gregability was performed firstly by ad-
justing the recording pen of the aggrego-
meter to 0% for PRP and 100% for PPP.
Then, the maximal aggregation was de-
termined by adding the aggregating
agents of epinephrine (1 uM), collagen (3
pg/ml) or ADP (3 uM) into the PRP. In
addition, the minimal (or threshold) con-
centration of arachidonic acid required

to induce an irreversible platelet aggre-
gation was also determined by the same
aggregometer using 0.3 mM, 0.5 mM, 0.7
mM and 1.0 mM of arachidonic acid.

The estimation of urinary kallikrein
excretion was based on the esterase assay
method (Morita et al. [3]), using prolyl-
phenylalanyl-arginine-4-methylcouma-
ryl-7-amide (Pro-Phe-Arg-MCA) as sub-
strate. Blood urea nitrogen, creatinine
and uric acid were determined by an
automatic analyzer (Hitachi 712) while
sodium and potassium were determined
by a flame photometer (IL 343). Serum
calcium was estimated by the titration
method. Serum total cholesterol was
determined by the cholesterol oxidase
method, triglyceride by the glycerol
phosphate oxidase (GPO) method and
HDL cholesterol by the sodium phospho-
tungstete-Mg method.

The data were expressed as mean =*
standard deviation (SD). Two-sample
test (Mann-Whitney test) was used to
evaluate the difference between groups.
Spearman’s rank correlation was used to
examine the correlations. The compari-
son of proportions of the two groups was
made by Fisher’s exact method. A p
value less than 0.05 was considered
significant.

REsuLTS

Table 1 showed the background of
both groups. There were no significant
differences in age, body weight, height,
pulse rate and blood pressure between
the two groups. The maximal platelet
aggregation induced by 1uM of epi-
nephrine, 3 ug/ml of collagen or 3 uM of
ADP was not significantly different be-
tween the two groups (Table 2). When
0.5 mM of arachidonic acid was added to
the PRP, 8 subjects (61.5%) of the PHT
group showed an irreversible aggrega-
tion while only 3 subjects (18.8%) of the
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Table 1. Background of Both Groups

Background PHT group PNT group p value
Age (yr) 23+ 4 23+ 3 NS
Body weight (Kg) 64+ 6 63+ 5 NS
Height (cm) 171+ 5 170+ 4 NS
Pulse rate (min™") 61=10 67=10 NS
MAP (mmHg) 88+ 9 87+ 8 NS

Mean=SD. NS: Not significant; PHT: Parent hypertensive;
PNT: Parent normotensive; MAP: Mean arterial pressure
(=diastolic blood pressure +1/3 pulse pressure)

Table 2. Maximal Platelet Aggregation Induced by 1 uM of
Epinephrine, 3 pug/m! of Collagen or 3 uM of ADP

Aggregating agent  PHT group PNT group p value

I uM of epinephrine  54£27% 42+29% NS
3 pg/ml of collagen 54+17% 45+34% NS
3 uM of ADP 53+18% 53+23% NS

Mean+SD. NS: Not significant

Table 3. Threshold Concentration of Arachidonic Acid and Number of

Subjects Showing Irreversible Platelet Aggregation in Both Groups

15

Threshold concentration ~ PHT group  PNT group

of arachidonic acid (N=13) (n=16)
0.3 mM 0 0
0.5 mM 8 (61.5%) 3 (18.8%) .
>0.5 mM# 5 (38.5%) 13 (81.2¢) P<0050¢=3.91)

* Threshold concentration greater than 0.5 mM include 0.7 mM, 1.0 mM

and that greater than 1.0 mM.

PNT group showed such an aggregation.
It took a greater concentration (0.7 mM,
1.0 mM or > 1.0 mM) of arachidonic
acid to induce the irreversible aggrega-
tion in 5 subjects (38.5%) of the PHT
group and 13 subjects (81.2%) of the
PNT group. The platelet aggregating
sensitivity to the arachidonic acid was
significantly enhanced in the PHT group
(X¥=3.91, p<0.05; Table 3).

In spite of the insignificant differences
in total cholesterol, HDL-cholesterol and
triglyceride between the two groups, the
ratio of total cholesterol to HDL chole-
sterol (Tch/HDL-ch ratio) was signi-
ficantly greater in the PHT group than in

the PNT group (3.40%+0.70 vs. 291+
0.48, p<0.05; Table 4). There were no
significant differences in blood urea nit-
rogen, creatinine, Na, K, Ca, uric acid,
platelet count and hematocrit between
the two groups (Table 4).

Although there were no significant dif-
ferences in urinary volume (UV) and
urinary sodium excretion (UNaV) be-
tween the two groups, urinary kallikrein
excretion (UKE) was significantly lower
in the PHT group than in the PNT group
(72£89 u mole-min/24 hr vs. 180186 wu
mole-min/24 hr, p<0.05, Table 5).

As shown in Table 6, UKE did not cor-
relate with UNaV or UV in the PHT
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Table 4. Blood Biochemistry and Hematology

Blood biochemistry & hematology

PHT group PNT group p value
Total cholesterol (mg/d/) 168 +34 159 +24 NS
HDL-cholesterol (mg/d/) 50 +10 55 + 8 NS
Tch/HDL-ch ratio 3.40 = 0.70 291 = 0.48 <0.05
Triglyceride (mg/dl) 77 +58 59 +18 NS
Blood urea nitrogen (mg/d/) 15 + 3 16 + 4 NS
Creatinine (mg/d/) 0.767= 0.137 0.769%= 0.145 NS
Na (mEq/L) 143.0 = 2.0 1427 = 2.2 NS
K (mEq/L) 4.04 = 0.16 4.08 = 0.25 NS
Ca (mg/dl) 9.51 + 0.35 9.46 = 0.28 NS
Uric acid (mg/dl) 69 = 1.0 6.3 = 1.0 NS
Platelet count (X 10*/mm?) 19.8 = 3.1 174 = 3.0 NS
Hematocrit (%) 43 + 2 44 + 2 NS

Mean=SD. NS: Not significant; Tch/HDL-ch ratio: Ratio of total to HDL cholesterol

Table 5. Urinary Volume and Biochemistry
Urinary volume & biochemistry PHT group PNT group p value
Urinary volume (m{/24hr) 1245 =£316 1576 =542 NS
UNaV (mEq/24hr) 238 = 74 266 = 64 NS
UKV (mEq/24hr) 59 = 18 54 = 922 NS
UCrV (g/24hr) 1.85+ 0.38 171+ 0.39 NS
Cer (m//min) 144 =+ 46 185 =+ 33 NS
UKE (@ mole-min/24hr) 72 = 89 180 =186 <0.05

UNaV: Urinary sodium excretion; UKV: Urinary potassium excretion; UCr: Uri-
nary creatinine excretion; Ccr: Creatinine clearance rate; UKE: Urinary kallik-
rein excretion; Mean+SD. NS: Not significant

Table 6. Correlation Coefficients of UKE with UNaV and
UKE with UV in Both Groups

Both groups

Correlation (PHT1PNT)

PHT group PNT group

UKE vs. UNaV
UKE vs. UV

r=0.523%* (n=30)
r=0.523%* (n=30)

r=0.332 (n=14)
r=0.194 (n=14)

r=0.431% (n=16)
r=0.584* (n=16)

UKE: Urinary kallikrein excretion; UNaV: Urinary sodium excretion; UV: Uri-
nary volume
** p<0.01, *p<0.05

group. However, it correlated signifi-
cantly with UNaV (r=0.431, p<0.05)
and UV (r=0.584, p<0.05) in the PNT

group.

DiscussioN

Parameters such as platelet aggrega-
tion (Matsumoto et al. [4]), serum lipids
(Kristensen [5]) and urinary kallikrein
excretion (Margolius et al. [6]; O’Connor

and Preston [7]; Lechi et al. [8]) have
been observed to be different between
hypertensive and normotensive subjects.
It 1s, however, not well understood
whether such differences in the parame-
ters take place before or after the deve-
lopment of hypertension. As the inci-
dence of hypertension in subjects with
one hypertensive parent is higher than in
subjects with normotensive parents
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(28.3% vs. 3.1%, Ayman [2]), it may be
possible to find out the factors associated
with the development of hypertension by
evaluating the relationship between the
family history of hypertension and the
possibly hypertension-associated para-
meters.

As it has been observed that there
could be abnormalities of the red or
white cell membrane in the hypertensives
and/or their offspring (Parker and Ber-
kowitz [9]), the possibility of the abnor-
malities of the platelet membrane might
be considered as well. In subjects with
essential hypertension, the platelet ag-
gregating sensitivity to the arachidonic
acid was enhanced (Matsumoto et al. [4]).
The aggregating sensitivity to arachido-
nic acid might be an indicator of the
biosynthesis of thromboxane A: and the
activity of platelet cyclooxygenase might
be associated with such aggregating sen-
sitivity (Matsumoto et al. [4]). On the
other hand, thromboxane A: has been
suggested to be an important factor in
the initiation and progression of athe-
rosclerosis (Numano [10]). In the pre-
sent study, there was enhanced aggregat-
ing sensitivity to the arachidonic acid in
the PHT group as well. It suggests that
there might be disorders of the platelet
membrane with abnormal cyclooxyge-
nase activity resulting in a greater ten-
dency to atherosclerosis in the PHT
group.

The ratio of total cholesterol to HDL
cholesterol might be an indicator of athe-
rosclerosis (Lipinska and Gurewich [11])
and this ratio was greater in subjects with
essential hypertension (Kristensen [5]).
In the present study, this ratio was great-
er in the PHT group than in the PNT
group. It suggests that subjects of the
PHT group might run a higher risk of
atherosclerosis.

The enhanced aggregating sensitivity

and the increased ratio of total choleste-
rol to HDL cholesterol without simulta-
neously significant elevation of blood
pressure in the PHT group (Table 1, 3
and 4) suggest that there could be a
greater tendency to atherosclerosis in
subjects with a positive family history of
hypertension. As the sclerotic changes
of the blood vessels might take place
before the development of hypertension
and nephrosclerosis might be a factor
associated with the etiology of hyperten-
sion (Moritz and Oldt [12]), the greater
tendency to atherosclerosis might contri-
bute to the development of essential hy-
pertension.

There were no significant differences
in urinary volume (UV) and urinary so-
dium excretion (UNaV) between the two
groups. However, urinary kallikrein
excretion (UKE) was significantly de-
creased in the PHT group. Although
there are not so many studies on UKE in
the prehypertensive stage, urinary kal-
likrein concentration in the children
have been reported to be negatively cor-
related with mother’s systolic blood pres-
sure (Zinner et al. [13]). Decreased UKE
without simultaneous elevation of blood
pressure in the PHT group in the pre-
sent study suggests that the vasodepres-
sive activity of the kallikrein-kinin system
(Rockel and Heidland [14]) might be in-
hibited in this group and could be associ-
ated with the etiology of essential hyper-
tension.

In rats, UKE correlates with UV and
UNaV (Carretero and Scicli [15]). In
human subjects, a positive correlation
between UKE and UNaV has also been
reported both in the normotensives and
hypertensives (Adetuybi and Mills [16]).
Some investigators (Margolius et al. [17];
Seino [18]), however, showed data
against such correlation. In the present
study, although UKE correlated with UV
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and UNaV in the PNT group, it correlat-
ed with neither UV nor UNaV in the
PHT group. This suggests that the corre-
lations of UKE with UV and UKE with
UNaV in the normotensives might be
genetically different and vary with their
family history of hypertension.

Excluding the influence of hyperten-
sion, some of the possibly hypertension-
related parameters were found to be ab-
normal in the PHT group. Abnormaliti-
es of platelet aggregation and serum li-
pids suggest that the greater tendency to
atherosclerosis in the prehypertensive
stage might be etiologically important in
essential hypertension.

ACKNOWLEDGMENTS

We are deeply indebted to Dr. TSU-
NEO ABE for his many experienced sug-
gestions throughout this study. We
thank Dr. HIROSHI SAITO, Dr. FUJIO
NUMANO and Dr. AKIRA SAKUMA
for their kind help. The collaboration of
the laboratory staffs of Toride Kyodoh
Hospital is highly appreciated.

REFERENCES

1) Stamler, R., Stamler, J., Riedlinger, W. F.,
Algera, G., and Roberts, R. H.: Family (pa-
rental) history and prevalence of hyperten-
sion. JAMA, 241: 43-46, 1979.

2) Ayman, D.: Heredity in arteriolar (essential)
hypertension:A clinical study of the blood
pressure of 1,524 members of 277 families.
Arch. Intern. Med., 53: 792-802, 1934.

3) Morita, T., Kato, H., Iwanaga, S., Takada, K.,
Kimura, T., and Sakakibara, S.: New fluoro-
genic substrates for alpha-thrombin, factor
Xa, kallikreins and urokinase. J. Biochem.,
82: 1495-1498, 1977.

4) Matsumoto, M., Kusunoki, M., Uyama, O.,
Fujisawa, A., Matsuyama, T., Yoneda, S., Ki-
mura, K., and Abe, H.: Platelet aggregation
induced by arachidonic acid and thrombo-
xane generation in patients with hyperten-
sion or cerebrovascular disease. Prostaglan-
dins Med., 7: 553-562, 1981.

5) Kristensen, B. ¢.: HDL-cholesterol, triglyce-
ride and as vascular complications in essential

9)

10)

12)

13)

14)

15)

17)

hypertension. Acta. Med. Scand., 646(suppl):
31-42, 1981.

Margolius, H. S., Horwitz, D., Pisano, J. J.,
and Keiser, H. R.: Urinary kallikrein excre-
tion in hypertensive man. Relationships to
sodium intake and sodium-retaining steroids.
Circulation Res., 35: 820—-825, 1974.
O’Connor, D. T., and Preston, R. A.: Uri-
nary kallikrein activity, renal hemodynamics
and electrolyte handling during chronic beta
blockade with propranolol in hypertension.
Hypertension, 4: 742-749, 1982.

Lechi, A., Covi, G., Lechi, C., Corgnati, A.,
Arosio, E., Zatti, M., and Scuro, L. A.: Uri-
nary kallikrein excretion and plasma renin
activity in patients with essential hyperten-
sion-and primary aldosteronism. Clin. Sci.
Molec. Med., 55: 51-55, 1978.

Parker, J. C., and Berkowitz, L. R.: Genetic
variants and red cell membrane. Physiol. Re-
view, 63: 285-297, 1983.

Numano F.: Thromboxane A: and athero-
sclerosis. In Medical Chemistry Advances,
edited by De Las Heras, F. G., and Vega, S.,
Pergamon Press, England, 1981, pp.
131-140.

Lipinska, I., and Gurewich, V.: The value of
measuring percent high-density lipoprotein
in assessing risk of cardiovascular disease.
Arch. Intern. Med., 142: 469-472, 1982.
Moritz, A. R., and Oldt, M. R.: Arteriolar
sclerosis in hypertensive and nonhyperten-
sive individuals. Am. J. Path., 13: 679-728,
1937.

Zinner, S. H., Margolius, H. S., Rosner, B.,
and Kass, E. H.: Stability of blood pressure
rank and urinary kallikrein concentration in
childhood: An eight-year follow-up. Circula-
tion, 58: 908-915, 1978.

Rockel, A., and Heidland, A.: Kallikrein-
kinin system and hypertension. In Pathophy-
siology of Renal Diseases, edited by Berlyne,
G. M., Giovannetti, S., and Thomas, S., S.
Karger. Basel, Switzerland, 1980, pp. 105—
124.

Carretero, O. A., and Scicli, A. G.: Renal
kallikrein: Its localization and possible role in
renal function. Federation Proc., 35: 194—
198, 1976.

Adetuybi, A., and Mills, I. H.: Relation be-
tween urinary kallikrein and renal function,
hypertension and excretion of sodium and
water in man. Lancet, ii: 203—-207, 1972.
Margolius, H. S., Horwitz, D., Geller, R. G.,
Alexander, R. W., Gill, J. R., Jr., Pisano, J. J.,
and Keiser, H. R.: Urinary kallikrein excre-
tion in normal man. Relationships to sodium



PLATELET FUNCTION AND FAMILY HISTORY OF HYPERTENSION 19

intake and sodium-retaining steroids. Circu- patients with various types of hypertension. J.
lation Res., 35: 812—819, 1974. J- N., 20: 43-52, 1978.
18) Seino, M.: Studies of urinary kallikrein in



