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Abstract Antihypertensive drugs can slow or even rekey words Type | diabetes - Diabetic nephropathy -
verse the progression of diabetic nephropathy at the Microalbuminuria - Arteriolar hyalinosis -

croalbuminuric stage. This study was performed to oBEE inhibitors - Antihypertensive treatment - Stereoingy
tain quantitative data on changes in the renal arterioles in

a follow-up study. Twelve patients with type | diabetes
and with microalbuminuria were allocated to treatmehitroduction

for 3 years with either an ACE inhibitor (group I, 6 pa-

tients) or a beta blocker (group Il, 6 patients). Baseli®everal clinical studies show significant effect of blood
and follow-up renal needle biopsy specimens were takmessure-lowering drugs, in particular ACE inhibitors, on
and serially sectioned at 1 um for light microscopy, etire progression of nephropathy in type | diabetic patients
abling identification of arterioles as afferent or efferenkith microalbuminuria [3, 11, 12, 20] when albumin ex-
Thin sections for electron microscopy were made at S0etion rate (AER) and glomerular filtration rate (GFR)
pm intervals, and micrographs were taken of arterioke used as end-points. Hypotheses have been put for-
profiles. Matrix volume fraction of the media and a calard to explain the renal protective effect, including, for
culated matrix thickness were obtained. At baselirexample, the assumption that the glomerular capillary
structural parameters were higher than normal values.phéssure is lowered. In experimental diabetes glomerular
follow-up all patients were normoalbuminuric. Botlpressure is increased [1] and can be lowered by treatment
groups showed only minor changes in arteriolar strugith ACE inhibitors [22], and nhonhaemodynamic effects
tures over 3 years. In the afferent arterioles in groupofi ACE inhibitors have also been suggested [9, 21]. Ab-
there was a significant increase in the matrix volunm@rmalities in the renin—angiotensin system in diabetes
fraction of the media, and there was a tendency to anhave been much debated, and the juxtaglomerular appa-
crease in matrix thickness in both groups. In the effereatus is enlarged at the microalbuminuric stage of the re-
arterioles there were no significant changes in paramed disease [4]. So far, however, no studies on the effect
ters. There were no differences between the two grogbshese drugs on the pathological lesions have appeared.
in arteriolar structural changes from baseline to follow- Regulation of glomerular perfusion is carried out via
up. Thus, this study shows a slight but significant matiitxe afferent and efferent arterioles [16]. In the early
accumulation in the afferent arterioles during treatmegpttases in type | diabetes increased GFR and filtration
with antihypertensive drugs. This may have implicatiofiaction are common features [1, 19], suggesting changes
for the progression to overt nephropathy, which indicatiesthe function of the juxtaglomerular arterioles. In overt

a need for more long-term studies of treatment with ardiabetic nephropathy the classic arteriolar lesion is hyali-
hypertensive drugs in incipient nephropathy in type | diosis, characterised by matrix accumulation in the media
abetes. [2, 8, 13]. Recent electron microscopy studies in micro-
and normoalbuminuric type | diabetic patients show ma-
trix accumulation in the arteriolar media at the microal-
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nal arterioles in microalbuminuric type | diabetic pa- The blocks were serially sectioned in 1-um-thick sections,

' scopy. At 50-um intervals thin sections covering the full extent

d"?lta on the arte.r'OIE.‘r lesions in type | diabetic pat'ergﬂgthe biopsies were made for electron microscopy. The arterioles
with microalbuminuria before and after treatment for \gere identified as afferent or efferent by following their course in
years with either an ACE inhibitor or a beta blocker.  the 1-pum serial sections by light microscopy. At 7,430x maghnifi-
cation all afferent arteriolar profiles on the thin sections were pho-
tographed, making sampling unbiased. When necessary, photo-
" montages were made to cover the extent of an arteriolar profile.
Materials and methods Photographing a calibration grid with 2160 lines/mm at the same
time as the biopsy checked the final magnification.

Baseline and follow-up biopsies after a 3-year treatment courseThe efferent profiles were only included in the study if the pro-
were obtained at St. Géran’s Children’s Hospital, Sweden, frdite was less than 100 pm from the glomerular vascular pole. This
12 microalbuminuric type | diabetic patients agelb years and distance was calculated from the measured horizontal and vertical
with a more than 5-year history of diabetes. All patients had hdidtance using Pythagoras’ theorem.
prepubertal onset of diabetes. Informed consent had been obtaine®n average, 16 (7—22) afferent profiles and 12 (7-20) efferent
from all subjects, and the study was approved by the local ethicsfiles were obtained per biopsy.
committee. At baseline 18 patients with microalbuminuria were An arteriolar profile consists of the lumen, an endothelial layer
included in the study, but for reasons unrelated to their renal disd the media (Fig. 1), the latter consisting of smooth muscle cells
ease 5 dropped out; 1 was later excluded because of poor fixasiod extracellular matrix. The main parameter describing the arteri-
of the biopsy material. Clinically there were no differences belar structure was the matrix volume fraction of the medig, V
tween the cases lost and the group studied here. (matrix/media). It was obtained by point counting, the distance be-

Albumin excretion rate (AER) was within the microalbuminuritween points corresponding to 3 pum. To obtain another estimate of
range: 15-200 pg/min in at least two out of three timed overnighe actual amount of matrix the matrix thickness, matrix-T, was
urine samples collected consecutively in the last year before #teo calculated. It is the arbitrary thickness of the matrix if it is
baseline biopsy was taken. Microalbuminuria had been presentsjoread in an even layer with a basal area corresponding to the out-
a mean duration of 2 years. Prior to treatment the patients hadenatircumference of the arteriole. It is calculated from the volume
received antihypertensive drugs or a low-protein or low-salt diet. fraction of the matrix, Y (matrix/media), divided by the surface

At baseline 6 patients were randomised to treatment with density of the arteriole, S(arteriolar circumference/media), the
ACE inhibitor (enalapril 20 mg/day; group 1), and 6 to treatmetdtter found by counting intersections between test lines and the
with a beta blocker (metoprolol 100 mg/day; group Il). The mediuter circumference of the arteriole. Finally the radius of the lu-
an (range) interval between baseline and follow-up biopsy wasm2n, including the endothelium, in the arteriole was calculated as-
(36—46) months in group | and 37.5 (36-54) months in groupsiiming a circular lumen. It was calculated, as for matrix-T, from
(P=0.74). the volume/surface ratio using the volume and surface densities.

Table 1 presents clinical data in the two groups at baseline andGlomerulopathy parameters, previously published for baseline
at follow-up. Blood pressure was measured with an automatic despsies [17], were estimated by electron microscopy using stan-
vice (DINAMAP, Critikon Johnson-Johnson, Tampa, Calif.) aftedard stereological methods: basement membrane thickness, matrix
rest; the means of two measurements are given. GFR was mehaime fraction of the mesangium, mesangial volume fraction of
sured at the time of the biopsies using continuous infusion of inlbe glomerulus and matrix star volume were the main parameters
lin [10]. Timed overnight AER was obtained using an immunotuased (follow-up data unpublished). For estimates of mesangial
bidimetric method [18], and the values shown are the mediansvofume fraction three levels in each of three glomeruli (i.e. 9
three values taken before the biopsies. KHb#was analysed by glomerular cross sections) were used per biopsy. The remaining
high-pressure liquid chromatography (Auto-A, Kyoto-Daiichi, Kaparameters were measured at a higher magnification at one level in
gaku, Japan) with reference level 4—6%. The Kbgresented in each of three glomeruli.

Table 1 relates to the time of the biopsies. All measurements on the follow-up biopsies were performed
Renal needle biopsies using ultrasound guidance were peithout knowledge of which treatment the patient had received.
formed with an 18-G needle (PrecisionCut AB, BD, New Jersey, Student'st-test was used to test differences between the two
USA). They were fixed in 2% glutaraldehyde in buffer and mailéteatment groups at baseline, at follow-up, and when changes in

to the laboratory in Aarhus for dehydration and embedding irparameters were considered. Student’s patire$t was used to

Epon in small blocks. test differences between baseline and follow-up within groups.
Table 1 Clinical data. Median .
(range; Baseline Follow-up
Group | Group Il Group | Group Il
n 6 6
Sex 5F/1M 3F/3M
Age (years) 18 (15-20) 20 (18-23)
Diabetes duration 10 (6-15) 12.5 (9-16)
(years)
Systolic blood 122.5 (105-135) 122.5(110-140) 126 (105-149) 125 (99-139)
pressure (mmHg)
Diastolic blood 77.5 (70-95) 81.5 (65-95) 73 (60-85) 78 (62-90)
pressure (mmHg)
AER (ug/min) 31.5 (23-160) 27 (19-41) 11.5 (10-44) 5.5 (4-12)
HbA, - (%) 9.4 (7.5-11.5) 8.6 (5.9-10.8) 8.3 (7.2-11.2) 7.7 (4.7-10.6)

_ GFR 110.5 (88-151) 121 (95-138) 113 (90-153) 118.5 (106-148)
2P=0.003 vs. baseline values (m| min-11.73 )

b P=0.0001 vs. baseline valt2s




Fig. 1 Micrograph showing a
cross section of a profile of an
efferent arteriole. In this case
the whole profile could be
covered in one micrograph.
(L lumen,E endothelium,

Y myoepithelial cell A extra-
cellular matrix)Bar 1 pn~

Correlations were tested with simple least-squares regression. Sta- % Vy, (matrix/media) Afferent arterioles
tistical significance was defined Bs0.05. 70
Owing to the variation in time before the follow-up biopsy was

taken the structural changes were standardised corresponding to 60
36 months A values (36 months)] assuming linear change of the .//'
pathology during the treatment period. 50

40 Zﬁ’ '
Results il F B F
Clinical data are shown in Table 1. The results did not  2°
differ between the two groups at baseline or at follow-up. ¢
Blood pressure remained almost constant, with only a

0 Group | Group i

minimal decrement in the diastolic blood pressure seen
in both groups. In both groups a significant decreasegg. 2 matrix volume fraction of the media in afferent arterioles
AER was noted (Table 1). A tendency to decreas®edyroup I and group Il. Mean values in each subject are indicated,
HbA,- was also seen in both groups (Table 1). Meaa ardinesconnecting values at baselir®) @nd at follow-up )
HbA,- during the study was similar in both groups

[9.1% (SD 1.7%) in group | and 8.2% (SD 2.2%) in

group Il in measurements taken every 6 months pum Matrix - T Afferent arterioles

(P=0.43). GFR remained stable in the two groups 6
throughout the study period.

Structural changes are shown in Table 2 and resultsin s

the individual patients are shown in Figs. 2-5. There

were no differences in any of the structural parameters  #

between the two treatment groups at baseline, except for

a lower matrix volume fraction of the media in the effer- s

ent arteriole in group | than in group P£0.05). When 2

changes in the parameters from baseline to follow-up B £ B .
were considered there were no differences between the 1
groups. In the afferent arterioles there was an increase in

the matrix volume fraction of the media in both groups,
but it only reached significance in group R=0.0063; Fig. 3 The estimated matrix thickness in the afferent arterioles

Group | Group [l
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Table 2 Structural data. Mean (SD). Baseline and follow-up values and structural changes standardised to 36 months (last two columns)
assuming linear changes in the lesions during the study :-eriod

Baseline Follow up AValues (36 months)

Group | Group Il Group | Group Il Group | Group Il

Vy (matrix/media) ~ Afferent 38.0 (3.23) 42.2 (5.96) 46.3 (10.6) 48.3 (4.99)a 6.81 (9.36) 5.47 (2.95)
(%) arteriole

Efferent 48.1 (4.62) 56.9(8.26)b 59.6 (9.50) 62.2 (6.22) 9.61 (9.33) 4.68 (6.44)
arteriole

Matrix-T (um) Afferent 2.37 (0.39) 2.81 (0.67) 3.25 (0.91) 3.47 (0.60) 0.76 (0.70) 0.58 (0.75)
arteriole
Efferent 1.87 (0.45) 2.60 (0.98) 2.39 (0.66) 2.84 (0.57) 0.46 (0.48) 0.19 (0.78)
arteriole

Luminal radius Afferent 3.46 (0.89) 2.93 (0.50) 3.21 (0.57) 3.41 (0.63)-0.19 (1.01) 0.50 (0.78)
(um) arteriole

Efferent 2.91 (0.48) 3.20 (0.23) 3.02 (0.48) 3.16 (0.71) 0.12 (0.25)0.27 (0.69)
arteriole

ap=0.0063 vs baseline.
b P=0.05 vs group | at baseline.

% Vy, (matrix/media) Efferent arterioles um Matrix - T Efferent arterioles
80

70
60 4 ‘-\.
50
40
30 2
20

1 8 F B F
10

0 Group | Group Il 0 Group | Group Il

Fig. 4 Matrix volume fraction of the media in efferent artericles Fig. 5 The estimated matrix thickness in the efferent arterioles

P=0.15 in group I). An increase was also seen in the ma-Several correlations existed between arteriolar pathol-
trix thickness, but this failed to reach significancegy and glomerulopathy parameters. At baseline a sig-
(P=0.065 in group | ané=0.098 in group Il). In the ef- nificant positive correlation was seen between the matrix
ferent arterioles a slight increase was noted in the mattiickness in both afferent and efferent arterioles and the
volume fraction of the mediaP€0.065 in group | and basement membrane thickness in the glomeruk3.¢4
P=0.12 in group II) and no changes in the matrix thicknd P=0.025,r=0.64 andP=0.026 respectively) in the
ness P=0.181 and®=0.50 in groups | and Il). Estimatedwhole series. At follow-up, the two groups were consid-
luminal radius in the arterioles remained constant in taeed separately, and in the same parameters a significant
groups in both the afferent and the efferent arteriolesrrelation was noted in the efferent arterioles in group
(Table 2). Il (r=0.87 andP=0.024), whereas the correlation was not
Coefficients of variation (CV) among arteriolar prosignificant in group 1(=0.79 andP=0.061). In the affer-
files in the matrix volume fraction within biopsies werent arterioles the same correlation did not reach signifi-
0.12-0.37 (median 0.19) at baseline for afferent artezant levels in either group<0.76 and=0.079 in group
oles and 0.13-0.29 (median 0.19) for efferents. CY$=0.57 and”=0.24 in group Il). There were no correla-
among subjects at baseline, with the two groups condidns between the changes in the glomerulopathy and ar-
ered together, were 0.13 for afferent arterioles and OtéBolar parameters.
for efferent arterioles. In the combined groups there was a strong correlation
There were no significant correlations between the &etween the matrix thickness in the afferent and efferent
teriolar structural parameters and diabetes duration, aapgerioles at baseliner£0.90 and P=0.0001). Also,
blood pressure or HbA at baseline. No correlations exchanges in matrix thickness in afferent arterioles corre-
isted between the structural changes versus changekted with the changes in the efferent arteriole (78
AER, changes in Hbf or mean HbA throughout the andP=0.026).
study period.
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the kidney. Only in the afferent arterioles was a signifi-
cant progression seen in the present series. The metabol-
Clinical studies suggest that antihypertensive treatménfactors caused by the diabetic state are definitely very
is of importance in the microalbuminuric stage of the dmportant in the development of the pathological lesions,
abetic renal disease, as shown by the lowering of ABRt an added haemodynamic factor also seems likely [1].
[3, 11, 12, 20]. However, the mechanisms of action areHyalinisation of the afferent arteriole is a well-known
not fully known, and little, if any, information is avail-concomitant of essential hypertension. Involvement of
able on the effects of these important drugs at the strthe efferent arteriole, however, is characteristic of diabe-
tural level in the human kidney. tes [2], probably pointing to a metabolic pathogenesis.
This 3-year follow-up study shows, in accordandglearly efferent arterioles are downstream of afferents
with earlier studies, that AER was lowered significantgnd are therefore likely to be better protected from
in both groups and that all the patients reached normadilanges in systemic blood pressure.
buminuria. HbA. tended to decrease in both groups. It might a priori be expected that blood pressure in
There were no differences in any of the other clinical paarticular would be associated with matrix accumulation
rameters in the two groups at baseline or at follow-up.nt the arterioles, but no significant correlations were
should be noted that 24-h ambulatory blood pressseen. However, the range of blood pressure was narrow
measurements were not performed [6, 7]. and correlations may still be found if groups with a wid-
In a recent study significant matrix accumulation ier range are studied or more extensive blood pressure
renal arterioles in microalbuminuric type | diabetic panonitoring is performed [6, 7].
tients compared with healthy nondiabetic controls was The lack of correlation between HpAand arteriolar
observed [14]. We applied the same methods for the dfucture may partly be due to the small groups and the
culations of matrix volume fraction of the media and threarrow ranges of Hbf#,; our data do not exclude the
arbitrary matrix thickness. Thus, the results, with a slighossibility of a correlation.
error margin due to inter-personal variation in identifica- Coefficients of variation were fairly high, both within
tion of structures, are applicable to this study and shgwups and within biopsies, indicating the focal nature of
that at baseline, the subjects in this series had sigrifie lesions. Unbiased sampling, as is achieved with the
cantly increased matrix accumulation in both the afferesgctioning protocol, was mandatory. Serial sectioning
and the efferent arterioles compared with healthy nondéso allowed identification of arteriolar profiles indepen-
betic controls [14]. dent of orientation, which was required for the estimates
This study shows that in the afferent arterioles botfi matrix thickness and luminal radius [5]. The focal na-
groups demonstrated a slight increase in matrix accurture of the lesions and the problem of orientation neces-
lation, although statistical significance was seen only sitated extensive sampling in the biopsies.
V,, (matrix/media) in group Il. In the efferent arterioles There was no difference in the luminal radius of the
nonsignificant increases were noted iy {matrix/me- arterioles between or within the groups. One effect of
dia) and no increase in matrix-T, indicating that perhap€E inhibitors, as seen in animal experiments, is dilata-
a discrete atrophy of smooth muscle cells, rather thaticm of the efferent arteriole. However, an increase in the
further matrix accumulation, had occurred in the efferegfferent luminal radius was not seen in group | at follow-
arterioles. The results on arteriolar parameters are paugl- Fixation artefacts inducing changes compared with
leled by the observation on glomerulopathy where ndie in vivo situation cannot be excluded. Also, a type 2
ther group showed significant increase in glomeruloparor may be present.
thy during the study period (unpublished data). In conclusion, this study has shown a slight increase
Owing to a decision by the ethical committee, theme matrix accumulation in the afferent arterioles of mi-
was no comparable untreated group in this study, amdalbuminuric type | diabetes patients during 3 years’
there are no studies indicating the rate of progressiortreatment with antihypertensive drugs, a protocol that led
arteriolar lesions in such a group. The natural coursetofa significant decrease in AER. At baseline the arteri-
arteriolar lesions must be progressive over time, simges showed pathologic amounts of matrix and treatment
gross arteriolar hyalinosis is usually present at the statig not completely stop or revert this progression. The
of overt nephropathy [2, 15]. However, whether an ugentinued matrix accumulation may be important for the
treated group would have presented a more extendtmeg-term prevention of progression from incipient to
matrix accumulation cannot be substantiated. overt diabetic nephropathy and suggest the need for
An ACE inhibitor is usually the first drug of choice irmore long-term studies of antihypertensive treatment in
incipient diabetic nephropathy. However, this study dosscroalbuminuric type | diabetic patients.
not show a superior effect of this drug over a beta block-
er on the progression of renal arteriolar lesions. Howeatknowledgements Ms. L. Lysgaard, Ms. B. Iversen and Ms. B.
er, owing to the small number of patients in each groBpugbjerg are thanked for their technical assistance. Ms. A. Dalm-
the negative results may be due to a type Il error. LarGé¢ is thanked for the illustrations. The study was supported by
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