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ABSTRACT
Arterial hypertension produces changes along the vascular tree. How-

ever, there are few reports on its effect on human muscle capillaries. This
study demonstrates the effects of essential hypertension on the capillaries of
human quadriceps muscle.

Muscle biopsy was taken from quadriceps femoris in eight men with
recent diagnosis of essential hypertension, without treatment. Biopsies
were also taken from eight normotensive men and were used as controls.
Fiber types were classified by ATPase reaction, capillaries counted in
a-amylase-PAS stained sections and ultrastructure studied by conventional
methods of transmission electron microscopy.

No changes were found in capillaries or muscle fiber types by histochemi-
cal methods. However, electron microscopy revealed abnormal capillaries
with endothelial cells infoldings into the lumen, as well as occluded or
degenerated capillaries. In some cases the endothelial cell area covered by
pericytes was increased. Basement membrane of capillaries was frequently
increased in width, sometimes irregularly, and in other instances it was
reduplicated. In transversely sectioned capillaries lumen diameter was
reduced and wall thickness was increased, although total diameter was
unchanged.

In hypertensive patients the finding of some degenerated capillaries
adjacent to muscle fibers could be interpreted as the beginning of a process of
rarefaction. Some capillaries showed morphological changes, and the ratio
wall thickness/lumen was increased. Anat Rec 256:425–432, 1999.
r 1999 Wiley-Liss, Inc.
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Rarefaction in skeletal muscle of hypertensive rats is
well documented. Prewitt et al. (1982) showed in spontane-
ously hypertensive rats (SHR) that functional rarefaction
preceded anatomical rarefaction. In another model of
hypertension, produced by reduction of renal mass, fol-
lowed by salt loading, degeneration of capillaries was
found in the cremaster muscle, supporting the concept of
anatomic rarefaction (Hansen-Smith et al., 1990). Rats
made hypertensive by deoxicorticosterone and salt loading
also had signs of reduction in muscle capillary number
(Hernández et al., 1996). Rarefaction was shown in cremas-

ter muscle even in sham-operated rats on a high salt diet
(Hansen-Smith et al., 1996). However, not all studies in
experimental models of hypertension described a decrease
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in capillarity, as demonstrated in SHR by Gray (1988) and
Ben Bachir-Lamrini et al. (1990), and in muscles of
one-kidney one-clip hypertension, by Saito et al. (1991).

In hypertensive man, it is more difficult to correlate
capillary changes with disease because other processes
that affect blood vessels such as diabetes and/or dislipid-
emias often accompany essential hypertension. Moreover,
it is difficult to know with certitude the time elapsed since
the beginning of the disease, and last but not least, the
subjects of the studies are often treated with antihyperten-
sive drugs that modify capillarity (Torres et al., 1994).

Capillary density was reduced in quadriceps and pecto-
ralis major muscles studied at autopsy in a heterogeneous
group of hypertensive patients, treated by a continuous
antihypertensive therapy (Henrich et al., 1988). On the
other hand, hypertensive patients were found to have less
proportion of type I muscle fibers, which are the ones that
have more capillaries surrounding them. It was also
shown that blood pressure, both in normo- and hyperten-
sive patients, was inversely correlated to the percentage of
type I fibers (Juhlin-Dannfelt et al., 1979).

Capillaries have also been found reduced in retina of
patients with essential hypertension (Wolf et al., 1994) and
in the conjuntival microvasculature of young patients with
borderline hypertension (Sullivan et al., 1983).

In the present work we studied a group of recently
diagnosed essential hypertensive patients, which had not
received any antihypertensive treatment. Needle biopsy of
quadriceps muscle was performed, capillaries and fiber
types were quantified by histochemistry at light micros-
copy, and ultrastructural features were examined for
assessment of capillary alterations.

MATERIALS AND METHODS

Patients were selected from a group of manual workers
of the Central University of Venezuela. They were studied
at the ‘‘Medicine Service no. 1’’ of the University Hospital
in Caracas. The Ethics Committee of the Hospital ap-
proved the project and the subjects gave written consent.
Controls were postgraduate students or teaching and
medical staff from the same university. Blood pressure was
measured with the subjects in seated position, three times
with an interval of 3 min. The subjects were selected for
the hypertensive group when mean blood pressure of the
three measures was above 140 mm Hg systolic and above
90 mm Hg diastolic, and provided that clinical examina-
tion and routine laboratory exams did not show any other
diseases. They were evaluated in a second occasion in
fasting conditions, after 2 weeks; blood pressure measure-
ments were repeated and blood samples were taken for
analysis. After another 2 weeks patients blood pressure
was checked again and muscle biopsy was taken at rest
with a Bergstrom needle (Bergstrom, 1962) from the
vastus lateralis part of quadriceps femoris muscle, with
the usual antiseptic precautions and after skin anesthesia
with 2% xylocaine. Hypertensive group was formed by
eight men (40.6 6 0.9 years old) with recent diagnosis of
essential hypertension; the patients did not receive treat-
ment until the muscle sample was removed. Biopsies were
also taken from a control group of eight normotensive men
(35.5 6 2.7 years old).

The muscle sample was divided in two, one part was
extended longitudinally on a cork and pinned at both ends
approximately at rest length, fixed in 3% cold glutaralde-
hyde in phosphate buffer at pH 7.4 and 320 mOsmol. After
fixation the sample was divided in small blocks and
postfixed in 1% OsO4, dehydrated in ethanol and embed-
ded in Epon. Ultrathin sections were stained with uranyl
acetate and lead citrate and observed in a Hitachi H-500
transmission electron microscope. Six blocks (2 mm
length 3 1 mm diameter) were taken from each muscle
sample. Three grids were prepared from each block at
different depths for a total of 18 sections. All capillaries
that were oriented in transverse sections were chosen for
measurements of lumen and wall thickness (Friedman et
al., 1971). Photomicrographs at magnification 22,4003
were used to measure whole capillary and lumen surface
by planimetry. Wall surface was the difference between the
two measurements. Twenty-five capillaries from the hyper-
tensive group were measured and 20 capillaries from the
control group.

The other part of the sample was used for light micros-
copy. It was embedded in OCT (Tissue Tek II) and frozen in
isopentane cooled in liquid nitrogen. Serial 10 µm sections
were cut in a cryostat at 220°C, the adenosine triphospha-
tase (ATP-ase) reaction was carried out after preincuba-
tion at acid pH 4.37, 4.6 and 4.8, and basic pH 10.3 (Brooke
and Kaiser, 1970), and fiber types were classified. Capillar-
ies were visualized with the a-amylase-PAS reaction
(Andersen, 1975). Not less than 200 fibers were classified
in each muscle. As each fiber could be identified in both the
ATPase and PAS stained sections, classification could be
transferred to photomicrographs of the PAS slides, made
at a final magnification 3200, which were used to measure
fiber areas. An area of the photomicrograph was delin-
eated and measured by planimetry, and fibers and capillar-
ies were counted to calculate the mean area of the fibers,
capillaries/mm2, and capillary/fiber ratio. All fibers of one
type in each muscle section photomicrograph were copied
in a transparent paper one beside the other like a puzzle,
and the area was measured by planimetry to calculate the
mean area of each fiber type.

Results were analyzed statistically by the non-paired
Student’s t-test. The null hypothesis was rejected at a

Fig. 1. Systolic blood pressure (SP) and diastolic blood pressure (DP)
in control (cont) and hypertensive patients (hyp). Mean values 6 SEM.
*P # 0.025; **P # 0.005.
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Fig. 2. Photomicrograph of ATPase stain, preincubation at pH 4.37. a: Control. b: Hypertensive patient. In
these sections the three muscle fiber types IIA, IIB and I can be seen. Scale bar 5 20 µm.
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probability level of 0.05. The results are expressed as
mean 6 standard error of mean.

RESULTS
Figure 1 shows systolic and diastolic blood pressure in

the hypertensive patients and in the control subjects.

Fig. 3. Electron micrograph of a section of quadriceps muscle in a control subject (43 years old). N,
nucleus; m, thin basement membrane; P, pericyte; Arrows, pinocytic vesicles. Scale bar 5 0.5 µm.

TABLE 1. Percentage of fiber types in quadriceps
muscle of control and hypertensive subjects*

Fiber type (%) Control Hypertensive

Type I 39 6 1.86 (8) 40.8 6 3.36 (8)
Type IIA 29.65 6 4.89 (8) 25.5 6 2.07 (7)
Type IIB 31.36 6 3.81 (8) 30.56 6 2.44 (7)

*Mean values 6 SEM. In parentheses, number of analyzed
muscles.

TABLE 2. Fiber areas in quadriceps muscle of control
and hypertensive subjects*

Fiber area (µm2) Control Hypertensive

Mean 6369 6 668 (8) 6003 6 703 (8)
Type I 6983 6 732 (8) 6707 6 811 (8)
Type IIA 6085 6 726 (8) 6101 6 952 (7)
Type IIB 6813 6 676 (8) 5806 6 772 (7)

*Mean values 6 SEM. In parentheses, number of analyzed
muscles.

TABLE 3. Capillary/fiber index, capillary density
(capillaries/mm2), and mean number of capillaries

adjacent to each fiber in quadriceps muscle of control
and hypertensive subjects*

Control Hypertensive

Capillary/fiber 2.48 6 0.12 (8) 2.23 6 0.08 (8)
Capillaries/mm2 390 6 38.58 (8) 389 6 35.93 (8)
Capillaries adjacent to

fiber I 6.93 6 0.22 (8) 6.51 6 0.21 (8)
Capillaries adjacent to

fiber IIA 6.54 6 0.40 (8) 5.75 6 0.30 (7)
Capillaries adjacent to

fiber IIB 6.44 6 0.33 (8) 5.85 6 0.16 (7)

*Mean values 6 SEM. In parentheses, number of analyzed
muscles.
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Transversal sections of quadriceps muscle of a control (Fig.
2A) and a hypertensive patient (Fig. 2B) are shown in
Figure 2.

Fiber type proportions (Table 1) and fiber areas (Table 2)
were not different in hypertensive patients compared to
controls. Also capillary number and indexes were similar
in patients and control subjects (Table 3).

Figure 3 is an electron micrograph from the quadriceps
muscle in a control subject. Note the capillary circular
shape in the transversal section, a thin basement mem-
brane and the abundance of pinocytic vesicles. In the
muscles of patients, capillary basement membrane was
frequently increased in width (Figs. 4, 5 and 6), sometimes
irregularly, and in other instances it was delaminated
(Figs. 4 and 6). Capillary endothelial cells had surface
infoldings into the lumen and cytoplasmic vacuoles (Fig.
6). Some capillaries were partially (Fig. 6) or totally (Fig.
5) occluded or degenerated (Figs. 5 and 6). The area
covered by pericytes in the transverse section was normal
in some capillaries (less than 24%; Tilton et al., 1979), but
in others it was larger (Fig. 4). Some macrophages (Fig. 4),
mast cells, lymphocytes and few plasma cells and polymor-
phonuclear leukocytes were found in the extracellular

space, which is very rare in normal muscle. Some pericytes
were large and showed altered structure (Fig. 5).

The cross section of the capillaries was measured and
the wall/lumen ratio was calculated. It was found that the
cross section of the capillaries was similar in the hyperten-
sive and control groups (Table 4), although the lumen
diameter was smaller and the thickness of the wall (only
endothelial cell without pericyte) was increased in the
hypertensive patients (Table 4). The wall/lumen ratio was
higher in the hypertensive patients compared to the
control group (Table 4).

DISCUSSION

We did not find a significant decrease in the number of
capillaries expressed either as capillary per fiber or as
capillary density in vastus lateralis muscle from hyperten-
sive patient. The number of capillaries adjacent to the
different fiber types was diminished, but the difference
was not statistically significant (Table 3). There are few
studies to compare these results. Henrich (1988) included
in his study patients with diabetes and other pathological

Fig. 4. Section of quadriceps muscle in a hypertensive patient subject (40 years old). The pericyte (P)
covers more than 33% of the surface of the endothelium. M, thickened basal membrane. Note the prolongation
of a macrophage (asterisk). Scale bar 5 1 µm.
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entities as well as patients with different treatments; both
variables could have modified capillary number.

The present group of hypertensive patients did not have
other diseases that could modify capillaries and was not
subjected to medication. The other variable, that is dura-
tion of the hypertensive state was not under our control.

It is possible that destruction of capillaries was not
enough widespread to be detected in the histochemical
method. Another possibility is that the disease has not
been present for a sufficient length of time to produce
rarefaction. However, alterations suggestive of capillary
destruction as degeneration and closure of capillaries were
found in the ultrastructural examination of muscle. In
addition, there was an increase in the endothelial area
covered by pericytes. Hirschi and D’Amore (1996) demon-
strated in cell cultures that pericytes that come into
contact with endothelial cells that are forming new vessels
exert an inhibitory effect on their proliferation. Thus
hypertrophied pericytes may have induced endothelium
degeneration and disappearance of capillaries (Fig. 5).
Signs of capillary destruction at ultrastructural level were

found in an experimental group of DOCA-salt hyperten-
sive rats, at 7 weeks after the beginning of the administra-
tion of DOCA-salt with no reduction of capillary indexes.
However, after 14 weeks, rarefaction was also demon-
strated by histochemical light microscopy (Hernández et
al., 1996).

The most pronounced change in capillary structure was
the increase in wall thickness, 1.51 6 0.13 µm in control to
2.94 6 0.20 µm in hypertensive, without change in the
diameter of the vessels. Remodeling has been shown in
arterioles in hypertension and is produced by regrouping
of smooth muscle cells (Mulvany and Aalkjaer, 1990). The
lumen of arteries in gluteal subcutaneous biopsies from
hypertensive patients was 25% smaller than in control
subjects (Schiffrin, 1992). However, the present change in
capillaries only involves endothelial cells and may be a
consequence of reduced inflow (functional rarefaction)
distal to small arteries with reduced lumen.

The endothelial infoldings into the lumen may also
contribute to its reduction. This alteration, together with
thickening and reduplication of basement membrane has

Fig. 5. Electronic micrograph of a section of quadriceps muscle in a hypertensive patient (40 years old).
Degenerated endothelium (arrow) is totally covered by thickened basement membrane (M). P, large pericyte
with diffuse structure. Note the abundance of pinocytic vesicles. Scale bar 5 2 µm.
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been found in many conditions in which degeneration or
regeneration of capillaries are involved (Finol et al., 1986).
On the other hand, some of the hypertensive patients in
the present study were hiperinsulinemic (unpublished
results), and would potentially develop non-insulin depen-
dent diabetes. Basement membrane thickening is charac-
teristic of diabetic patients even before the appearance of
the disease (Siperstein et al., 1968).

In conclusion, although no decrease in capillary num-
bers was found in skeletal muscle of hypertensive patients,

the ultrastructural examination showed evidence of capil-
lary degeneration and destruction.
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Fig 6. Electron micrograph of a section of quadriceps muscle in a hypertensive patient (42 years old).
Partially occluded capillaries. One has lost its structure (arrow). Two endothelial cells of one capillary showing
different cytoplasm electron density (a, b). Note infolding of endothelial cell (asterisk). Thickened and
delaminated basement membrane (m). Scale bar 5 2 µm.

TABLE 4. Capillary diameter in cross-sections of quadriceps muscle of control and
hypertensive subjects*

Capillaries Control Hypertensive Significance

Lumen diameter (µm) 4.86 6 0.22 (20) 2.82 6 0.20 (25) P # 0.0001
Diameter (µm) 6.39 6 0.27 (20) 5.84 6 0.39 (25) NS
Wall thickness (µm) 1.51 6 0.13 (20) 2.94 6 0.20 (25) P # 0.0001
Wall/lumen ratio 0.31 6 0.031 (20) 1.18 6 0.11 (25) P # 0.0001

*Mean values 6 SEM. NS, not significant. In parentheses, number of analyzed capillaries.
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