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Hormonal profile in chronic renal failure before and
after renal transplantation
A. V. POTNIS, L. D. JOSHI, R. J. DALAL, V. N. ACHARYA

ABSTRACT
Hormonal changes were studied before renal transplanta-
tion and in the following twelve months in 39 patients with
end-stage renal disease. The results were compared with
those in 45 control subjects. The hormones assayed were
plasma renin activity, angiotensin II, aldosterone, C-
parathyroid hormone and calcitonin.

Before transplantation, a significant (p<O.OOl) eleva-
tion was observed in patients as compared to controls:
Plasma renin activity (9.68±0.14 vs. 1.89±0.04 ng/ml/
hour), angiotensin II (181.41±4.48 vs. 34.47±0.86 pglml)
and aldosterone (649.97±6.35 vs. 116.29±3.86 pglml).
Twelve months after transplantation these values had
declined significantly though they remained higher than
those in the controls. During episodes of acute rejection
the levels rose considerably and returned to basal levels
after successful therapy.

Prior to transplant the patients also had significantly
elevated levels of C-parathyroid hormone (6.07±0.11 vs.
0.61±0.02 ng/ml) and calcitonin (687.05±1.02 vs.
45.67±1.76 pg/ml). These elevated levels were probably
related to secondary hyperparathyroidism that occurs in
patients with chronic renal failure. Again, one year after
transplantation these levels had declined significantly but
not to their normal levels.

INTRODUCTION
A number of clearly recognizable endocrine disorders
occur in patients with uraemia. Disturbances of electro-
lyte balance and of aldosterone (ALD) levels related to
the use of diuretics and dialysis in chronic renal failure
have been well elucidated.v?

Eighty per cent of patients with end-stage renal disease
(ESRD) develop hypertension following the failure of the
extra-renal function of the kidney. This has been related
to the renin-angiotensin system particularly to the action

. of angiotensin II (ANG 11).4 The action of ANG II
depends on the effective production of plasma renin and
the blocking of the converting enzyme, so the kind of
hypertension that occurs in patients with ESRD may
partly be attributed to damaged kidney tissue.
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Secondary hyperparathyroidism and osteodystrophic
changes are also common features of chronic renal failure.
Another complication of the failure of extra-renal function
is the development of anaemia because of insufficient
synthesis of erythropoietin. 5-8 These factors provide the
basis for studying hormonal changes in patients with end-
stage renal disease undergoing renal transplantation.

PATIENTS AND METHODS
Thirty-nine patients with chronic renal failure (CRF) who
received live-related renal transplants at the King Edward
Memorial Hospital (Bombay, India) between May 1984
and December 1986 were included in this study. There
were 5 females and 34 males between 14 and 50 years of
age (mean 27.7 years). Aetiopathogenetic factors causing
ESRD in these subjects included chronic glomerulone-
phritis in 11, tubulointerstitial disease in 6, Alport's disease
in 1, diabetic nephropathy in 1, malignant hypertension
in 2, hypoplastic kidneys in 1, whereas 17had renal failure
of uncertain aetiology.

The patients were dialysed regularly on a hollow fibre
dialyser for 10to 12hours every week prior to transplanta-
tion. They received an average of 49 sessions of haemo-
dialysis (range 7 to 111). They also received 3 to 15 units
of third party blood transfusions. Twenty-three of these

. patients were followed up for twelve months, 13 patients
for six months, 1 for one month and the remaining 2
patients were included only for pre- and post-transplant
studies. Four patients died during the study period.

Four patients had undergone unilateral nephrourete-
rectomy at the time of transplant for vesicoureteric reflux
and 1 patient had pre-transplant bilateral nephrectomy
done in two stages for calculous pyonephrosis. In this par-
ticular patient pre-dialysis and post-dialysis blood samples
were collected in the supine and upright positions during
the anephric phase. The period of dialysis was 10 hours
and there was a loss of 2 kg in body weight.

A detailed history was recorded and physical examina-
tion carried out in all patients at a special renal transplant
clinic. Complete urine analysis, serum creatinine, blood
urea nitrogen (BUN), serum electrolytes (Na" and K+),
serum calcium, phosphorus and alkaline phosphatase,
liver function tests and ultrasonography were done to con-
firm ESRD. Patients with blood pressure values more
than 140/90 mm Hg were considered to be hypertensive.
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Controls
Forty-five healthy blood donors and kidney donors
matched for age and sex who did not have any cardiovas-
cular, hepatic, renal or gastrointestinal disorders were
selected as controls. These subjects had not suffered from
any infectious disease during the previous two years nor
did they show any evidence of hormone deficiency.

Methods
A fasting venous blood sample of 25 ml was collected and
distributed for investigations: 6 ml for haemogram and
estimation of ANG II, ALD and C-parathyroid hormone
(C-PTH) in a pre-chilled EDTA bulb; 3 ml for plasma
renin activity (PRA) in a pre-chilled bulb containing diso-
dium salt of EDT A; 14 ml for renal chemistry, liver function
tests, calcium, phosphorus and alkaline phosphatase in
heparin and 2 ml for calcitonin in a pre-chilled plain tube.
The first blood sample before renal transplantation was
designated to be the random sample and was collected, on
an average, 45 days before the scheduled transplantation.
The pre-transplant sample was collected 24 hours before
surgery and the post-transplant samples were collected 24
hours and one week after surgery. Further samples were
collected every month for twelve consecutive months.

Complete renal chemistry and estimation of total serum
calcium were carried out on an auto-analyser, while phos-
phorus and alkaline phosphatase were measured using
Gomori's? and Bodansky's'? methods respectively. Hor-
monal assays were carried out using radioimmunoassay
kits (RIA). PRA was analysed by using an RIA kit
manufactured and supplied by the Bhabha Atomic
Research Centre (Bombay, India). The RIA kit, manu-
factured by Biotex (Texas, USA), was used for the
measurement of ALD and the kit manufactured by the
Immuno Nuclear Corporation (USA) was used for the
measurement of C-PTH and calcitonin. ANG II was
analysed by using a kit manufactured by Euro Diagnostic
(Holland). Immediately after collection, all blood samples
were subjected to refrigerated centrifugation to separate
the plasma. Prior to assaying, the samples were stored at
-15 to -20°C.

Diet
At the time of the institution of chronic dialysis, the
patients were advised dietary sodium and fluid restrictions
depending on their weight and blood pressure. They were
also advised to restrict potassium and phosphate intake.
Their dietary protein was restricted to 0.4 g/kg body
weight, supplemented by a high intake of oral calcium,
iron and folic acid.

Drugs
The patients were given aluminium hydroxide as a phos-
phate binder, oral calcium if necessary and antihyperten-
sive drugs like methyldopa, apresoline, nifedipine or
diuretics such as frusemide.

Immunosuppressive therapy in 32 patients consisted of
prednisolone 2 mg/kg body weight and azathioprine 5 mg/
kg body weight started 48 hours before transplantation.
The dose of prednisolone was reduced from the fourth
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post-transplant day by 5 mg/day till it reached 20 mg/day
at the end of the second week. Thereafter, it was reduced
till it reached 10 mg/day at the end of the sixth post-trans-
plant month. The dose of azathioprine was reduced to 3
mg/kg on the fourth post-transplant day and gradually
tapered down till it reached 1.5 mg/kg body weight at the
end of the sixth post-transplant month. Seven patients
were treated with cyclosporine A and prednisolone as
immunosuppressives. Cyclosporine A was started in a
dose of 12 to 14 mg/kg body weight, 48 hours before trans-
plantation and gradually reduced and stopped in 5
patients by the sixth post-transplant month. In these
patients, azathioprine was introduced after 3 months of
transplantation. The remaining two patients were on the
immunosuppressive agents---cyclosporine A, azathioprine
and corticosteroids.

Rejection Episodes
During acute rejection episodes all patients were given
methyl prednisolone intravenously (1 g/day) for 3 days or,
alternatively, oral prednisolone 300 mg daily for 3 days.
The same treatment was given for 3 rejection episodes.
Cyclosporine A was introduced for the treatment of rejec-
tion in one patient who is at present on triple immunosup-
pressive regimen. Three patients required plasmapheresis
on three occasions and two of these also received 7 and 16
haemodialysis sessions in the post-transplant period.

RESULTS
Table I shows the mean PRA, ANG II and ALD levels in
45 control subjects and in 31 hypertensive CRF patients in
the pre- and post-transplant stages. The difference bet-
ween the mean levels in controls and in CRF patients in
pre- and all post-transplant stages were significant
(p<O.OOl). Even at the end of the 12 month follow up
period all the three levels remained significantly elevated
(p<O.OOl).

Table II shows the C-PTH and calcitonin levels in 45
control subjects and in 39 patients after transplantation.
There is an initial fall immediately following transplanta-
tion but after 12 months the levels are still significantly
higher (p<O.OOl) than those in control subjects.

Table III shows the changes in the hormonal profile of
11 transplant patients in whom rejection episodes were
studied. Differences in the hormonal levels (PRA, ANG
II, ALD, C-PTH and calcitonin) recorded at the time of
rejection and before rejection were calculated. Similarly,
differences in the values recorded after treatment of rejec-
tion and at the time of rejection were calculated, and also
the means of these differences.

Out of 31 hypertensive ESRD patients 28 remained
hypertensive after transplant, while 5 of 8 normotensive
ESRD subjects became hypertensive. Figure 1 compares
aspects of the hypertensive profile-PRA, ANG II and
ALD levels-in the pre-transplant stage and 48 hours, 2
months and 6 months after transplantation. It is clear
from the mean values of all the three parameters that in
pre- and post-transplant stages, particularly after the first
24 hours and the first month, there were significant differ-
ences in PRA and ANG II levels.



226

TABLE1. Plasma renin activity (PRA), angiotensin II (ANG II)
and aldosterone (ALD) levels in control subjects and
patients with chronic renal failure before and after renal
transplantation (Mean ± S.E.)

PRA
n nglml/hour

ANGII
pg/ml

ALD
pg/ml

Controls 45 1.89 ± 0.04 34.47 ± 0.86 116.29 ± 3.86

Patients
Pre-transplant 31 9.68 ± 0.14 181.41 ± 4.48 649.97 ± 6.35
Post-transplant 28 8.40 ± 0.09 166.59 ± 1.22 640.40 ± 1.58
Week 1 28 7.35 ± 0.12 161.91 ± 1.28 636.96 ± 1.74
Month 1 27 7.52 ± 0.07 145.08 ± 2.06 588.50 ± 1.85

2 25 6.71 ± 0.08 149.80 ± 1.52 595.08 ± 3.57
3 25 5.81 ± 0.08 139.13 ± 1.75 557.94 ± 2.85
4 25 5.41 ± 0.05 130.36 ± 1.42 527.76 ± 1.98
5 25 5.08 ± 0.05 119.80 ± 0.98 521.64 ± 2.05
6 25 4.97 ± 0.09 115.82 ± 1.18 516.68 ± 1.82
7 17 3.98 ± 0.07 120.35 ± 2.25 331.82 ± 4.73
8 17 4.17±0.09 119.18±1.42 334.81±1.82
9 17 4.24 ± 0.07 122.47 ± 1.69 328.59 ± 2.06
10 17 4.15±0.09 126.82±1.40 327.71±3.30
11 17 4.13 ± 0.06 127.29 ± 1.35 331.18 ± 1.78
12 17 4.38 ± 0.08 125.12 ± 1.52 333.71 ± 1.94

Mean differences between patients and control subjects are all
significant (p < 0.001)

Figure 2 shows different aspects of the hypertensive
profile (PRA, ANG II and ALD) in 28 hypertensive
patients and in 3 normotensive patients before and after
transplant. The differences between the mean values of
all three parameters reduced gradually during the six
months following transplant, although they remained
higher than those in the controls (Table I).

DISCUSSION
Of the 39 ESRD patients 31 were suffering from hyper-
tension. They had raised PRA, ANG II and ALD levels.
Of these, 28 remained hypertensive (90.7%) while 3
became normotensive (9.7%). Even in normotensive
ESRD patients, these levels were four or five times
higher than those in controls. Of the 8 normotensive
patients 5 became hypertensive and 3 remained normo-
tensive. It is evident that increased activity of plasma
renin, angiotensin and aldosterone is related to the pre-
sence of damaged parent kidneys. II

The effect of ANG II has been well elaborated. 12 Our
ESRD patients were initially treated with diuretics and
antihypertensives. However, when urine output is consid-
erably reduced and if voided urine is hypotonic, these
patients are put on regular dialysis. While haemodialysis
is beneficial to the patients, constant fluctuations in
plasma volume and sodium produce increased peripheral
resistance through the angiotensin-aldosterone system.
This increased peripheral resistance is perhaps a long-
term effect and may be one of the aetiological factors of
the sustained hypertension after transplantation.e-P The
deranged sodium homeostasis that occurs in patients with
chronic renal insufficiency appears to play an important
role in the genesis of hypertension. 1-3 In the pre-transplant
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TABLEII. Serum C-parathyroid hormone (C-PTH) and calcitonin
levels in control subjects and patients with chronic renal
failure before and after renal transplantation
(Mean ± S.E.)

C-PTH Calcitonin
n ng/ml pg/ml

Controls 45 0.61 ± 0.02 45.67 ± 1.76

Patients
Pre-transplant 39 6.07 ± 0.11 687.05 ± 1.02
Post-transplant 38 4.73 ± 0.07 441.08 ± 3.88
WeekI 38 3.90± 0.05 396.55 ± 2.70
Month 1 37 3.60± 0.05 382.05 ± 2.85

2 36 3.33 ± 0.05 340.75 ± 1.12
3 36 3.19 ± 0.06 304.56 ± 2.02
4 36 2.82± 0.04 229.19±2.31
5 36 1.89 ± 0.04 177.73±2.16
6 35 1.45 ± 0.05 140.03 ± 1.95
7 23 1.27 ± 0.04 125.74 ± 1.70
8 22 1.15 ± 0.03 119.18 ± 2.50
9 22 1.16 ± 0.03 117.50 ± 1.40
10 22 1.11 ± 0.03 118.32 ± 1.71
11 22 1.09 ± 0.03 113.50 ± 1.13
12 21 1.11 ± 0.05 109.85 ± 1.57

Mean differences between patients and control subjects are all
significant (p < 0.001)

stage, hypertension may be attributed to ionic imbalance,
particularly of sodium, potassium and calcium at the
intracellular level. This results from the inability of the
kidney to respond normally to changes in the electrolyte
levels and the action of diuretics given in the early stages
of the disease. After transplantation it is caused by
repeated haemodialysis. The metabolic imbalance might
be further attributed to excessive production of renin by
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TABLE III. Hormone levels in 11 patients before, during and
after a rejection episode

Hormone
Increase in hormone
levels during a rejection
episode
(Mean ± S.E.)

Decrease in hormone
levels after a rejection
episode
(Mean ± S.E.)

PRA (ng/ml/hour)

ANG II (pg/ml)
ALD(pg/ml)
C-PTH (ng/ml)

Calcitonin (pg/ml)

Serum creatinine
(mg/100ml)

2.05 ± 0.14'*'

34.34 ± 4.79'**
193.09 ± 61.87***

1.21 ± 0.28'**

116.45 ± 34.18'*
1.86 ± 0.20*'*

1.50 ± 0.18***

22.98 ± 2.43**'

116.70 ± 48.79*
0.93 ± 0.29*'

89.36 ± 36.53*
1.80± 0.17**'

*** p < 0.001 ** p < 0.01
* P < 0.05

the diseased kidney and stimulation of the adrenals
through the ANG II mechanism.

Of a total of 39 cases, 17had rejection episodes. Studies
conducted in 11 of them showed significant (p<O.001)
changes in PRA, ANG II and serum creatinine levels
(Tables III and IV), suggesting that both the extra-renal
and renal aspects of kidney function are responsible.

The levels of PRA, ANG II and ALD remained elevated
in hypertensive patients after a new kidney was
implanted. Since in all these cases nephrectomy was not
done, the effect of the host kidney possibly prevailed.v-"
Stimulation of the renin-angiotensin-aldosterone system
could be one of the important factors responsible for the
elevation of blood pressure because of excessive renin
production in relation to the degree of the damaged host
kidney. The effect of Saralasin (an ANG II blocker) and

PRA- PLASMA RENIN ACTIVITY HYPERTENSIVE SUBJECTS BEFORE AND AFTER
ANG 11- ANGIOTENSIN II ( pg/ ml ) TRANSPLANT
AW- ALDOSTERONE ( pgl ml )
( MEAN ± S. E ) [=::J NORMOTENSIVE SUBJECTS BEFORE AND AFTER

TRANSPLANT

640.40
±

1.58

PRA ANG II ALD PRA ANG II ALD PRA ANG II ALD PRA ANG II ALD
POST· TRANSPLANT 151MONTH 3rd MONTH 61hMONTH

n=28 0 n=3 IliiIn=27 0 n=3 IIiiIn=25 0 n=3 ~n=25 On= 3

FIG. 2
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TABLE IV. Serum creatinine levels in 11 patients before, during
and after a rejection episode

Patient Before During After
(mg%) (mg%) (mg%)

1. 1.33 3.2 1.4
2. 1.2 3.4 1.2
3. 1.3 2.56 1.06
4. 1.0 2.0 1.2
5. 1.26 2.53 1.2
6. 1.2 3.2 1.1
7. 1.2 3.9 1.2
8. 1.3 3.8 1.3
9. 1.2 3.2 1.1

10. 1.1 2.7 1.2
11. 1.16 2.26 1.2

Mean±S.E. 1.18 ± 0.03 2.98±0.19 1.16 ± 0.Q2

Captopril (a converting enzyme blocker) was not studied.
In all subjects corticosteroids were administered

together with other immunosuppressive drugs. The result-
ing sodium retention and potassium depletion leading to
imbalance of these electrolytes may be attributed to
steroid therapy which may also have played an important
role in the pathogenesis of hypertension.

Elevation of C-PTH and calcitonin in patients with
ESRD before transplantation was probably caused by
hyperparathyroidism secondary to renal failure.
Although we expected improvement in the secondary
hyperparathyroidism after renal transplantation, this was
not realized possibly because the patients were studied
only up to 12months following transplantation. Hypercal-
caemia may also have induced hypertension by stimulating
the release of renin and catecholamines.t-Pv''

We have not studied ionized calcium levels. Changes in
these have been important for the understanding of
hyperparathyroidism. Total calcium levels were not
affected but calcitonin levels were increased markedly.
This is perhaps explained by the increased production of
calcitonin to counteract elevated levels of C-PTH in an
attempt to preserve calcium homeostasis. Phosphate
retention with diminished activity of vitamin D3 (1 : 25
dihydroxy cholecalciferol) because of the failure of extra-
renal function also leads to secondaryhyperparathyroidism
in ESRD. 5,17,18

CONCLUSION
Kidney dysfunction leads to a severe disturbance of
sodium and potassium concentration at the intracellular
level in patients with ESRD and this probably causes
hypertension. Diuretic treatment and regular haemo-
dialysis playa major role in the disturbance of sodium and
potassium levels. These in turn lead to stimulation of the
renin-angiotensin-aldosterone system as this study has
shown. Following renal transplantation, even when the
function of the transplanted kidney iswell established, the
presence of the ischaemically damaged native kidney may
be responsible for the hyperactivity of the renin-
angiotensin-aldosterone system in these subjects.
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Moreover, these levels rise further during episodes of
acute rejection when the function of the transplanted kid-
ney is temporarily impaired. Corticosteroid administra-
tion adds to the problem of hypertension through the
stimulation of the renin-angiotensin-aldosterone system
following an ionic imbalance of sodium and potassium.
The action of immunosuppressive drugs, namely cyclo-
sporine A and imuran, in contributing to hypertension is
uncertain.!?
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