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EVIDENCE FOR CIRCULATING VASOPRESSIN-LIKE PEPTIDES
IN A CASE OF POLYURIA

Simon Smitz 1*, Jean-Jacques Legros ! and Marc le Maire 2

1 Département de Médecine Interne, CHU Sart-Tilman, Liége, and Laboratoire de
Radioimmunologie, Université de Liege, Sart-Tilman, Liége, Belgium
2 Section de Biophysique des Protéines et des Membranes, Département de Biologie
Cellulaire et Moléculaire, CEA et URA CNRS 2096, Saclay, Gif-sur-Yvette, France

ABSTRACT

Plasma immunoreactive vasopressin (iAVP) was studied by RIA in a patient
suffering from polyuria during chronic treatment with lithium. The combined use
of two antisera specific for different regions of the AVP molecule allowed us to
detect circulating forms which are modified in the acyclic tripeptide portion.

In this lithinmn-treated patient, iAVP was abnormally low with respect to
plasma osmolality. However, iAVP increased during hypertonic saline infusion,
probably through an osmosensitive mechanism. A remarkable finding was that
contrary to the observations made in healthy subjects and in another patient with
diabetes insipidus, iAVP measured with the antiserum specific for the acyclic
portion of the AVP molecule was below the values measured with the antiserum
specific for the hexapeptide ring. This unusual immunoreactivity profile suggests
that the plasma of this polyuric lithium-treated patient contains vasopressin-like
peptides which differ from arginine vasopressin in the structure of the C-terminal
tripeptide tail.

(KEY WORDS : vasopressin, vasopressin-like, polyuria, diabetes insipidus,
immunoassay, lithium)

*Reprints Requests : Dr. S. Smitz, CHU Liége, B35 Sart-Tilman, B-4000 Liege,
Belgium.
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INTRODUCTION

Lithium, which is used in the treatment of manic-depressive disorders, can
influence both the secretion and action of vasopressin (1-6). Direct measurements
of plasma vasopressin by RIAs have shown that the polyuria observed in certain
patients treated with lithium was most often caused by nephrogenic diabetes
insipidus. However, a partial cranial diabetes insipidus has been identified in one
patient (4).

We have observed a patient who had polyuria during chronic treatment with
lithium. In order to determine the neuro-endocrine abnormalities responsible for
this polyuria, a quantitative and qualitative study of circulating vasopressin was
performed. The characterization of the circulating vasopressin was carried out by
RIAs using two antisera highly specific for different regions of the arginine-8-

vasopressin molecule (AVP).

MATERIALS AND METHODS

Subjects and Patients

1. Lithium-treated patient : A 55-year-old woman was referred to our
outpatient service for evaluation of polyuria. This patient had been treated with
lithium for 14 years because of depressive disorders. A hypothyroidism had been
corrected for 6 years by the administration of L-thyroxin. Polyuria had been
observed for several years (diuresis above 2.5 liters/day). This marked polyuria

had caused the cessation of lithium treatment. Urea, creatinine and serum ions
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were within the reference interval. Urine osmolality fluctuated between 153 and
250 mmol/kg.

Plasma immunoreactive vasopressin (1IAVP) and osmolality (plasma and
urine) were measured in this patient as an outpatient after the lithium had been
withheld for more than 10 days. Because of the unusual immunoreactive profile
(Table 1), a hypertonic saline infusion (HSI) was performed three weeks later.

Three years after the performance of the HSI reported in this study, the
patient was rehospitalized for treatment of depressive disorders. During this
hospitalization, since the water intake was spontaneously low, the patient

developed consciousness disorders associated with the perturbation of the water

metabolism : serum Nat = 169 mmol/L, K = 4.7 mmol/L, total serum calcium
2.35 mmol/L, urea 15 mmol/L, plasma osmolality = 348 mmolkg. Urine
osmolality fluctuated between 199 and 261 mmolkg. A tomodensitometric
examination of the encephalon showed a left posterior hemorrhagic softening and
a right thalamo-capsular zone of ischemia. A CT scan centered on the sella turcica

was normal.

During the following 4 years, hypernatremia (serum Na* 148-161 mmol/L)
was observed and three serious dehydration episodes, due to the chronic
hypodipsia, required hospitalization. Seven years after the HSI, the patient was
readmitted for severe dehydration. Three months earlier, a brain scan showed the
persistence of a small right thalamic zone of ischemia and the sella turcica was

normal. On admission the serum sodium was 161 mmol/L, potassium 4 mmol/L,
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TABLE 1

Determination of Plasma Osmolality, Plasma Immunoreactive Vasopressin
(IAVPASI and iAVPAs2) in Normal Subjects and in Patients with Diabetes Insipidus.
Calculation of the Ratio iAVPAsI/iIAVPAs2.

Plasma iAVPAsl  iAVPAs2 Ratio
osmolality (ng/L) (ng/L) iIAVPAs1
(mmol/’kg) iAVPAs2
Normal Subjects (n = 12) 284.1+2.7 2613 58+18 0.44+%0.13
Patient P1 (NEDI)
basal 287 4.7 34.0 0.14
10 min after apomorphine 0.5 mg SC 2.5 17.5 0.14
25 min after apomorphine (nausea) 115 142 0.81
Patient P2 (CDI)
before HSI 286 0.8 - -
end of HSI 306 L5 <2.0 NC(>0.75)
60 min after iDAVP (5 ug IM) 296 45 <2.0 NC(>225)
Patient P3 (CDI)
before HSI 289 1.6 - -
end of HSI 299 2.0 1.9 1.05
Patient P4 (CDI) 341 0.5 - -
Patient P5 (CDI)
before HSI 291 2.0 <4.0 NC(>0.5)
end of HSI 302 2.4 <4.0 NC(>0.6)
60 min after dDAVP (5 ug IM) 291 64 <4.0 NC(>16)
Lithium-treated Patient
basal (outpatient) 294 4.5 1.8 2.5
before HSI (- 10 min ) 308 3.1 <2.0 NC(>15)
before HSI ( 0 min ) 307 2.7 2.5 1.1
during HSI test (n=7) 2.15+0.94
end of HSI 343 74.7 420 1.8

NEDI : nephrogenic diabetes insipidus
CDI : cranial diabetes insipidus

HSI : hypertonic saline infusion

P4 : cerebral hemorrhage, comatose

P1 : Bartter’s syndrome
P2 : craniopharyngioma

P3 and P5 : head trauma (dDAVP withheld 20-24 h

before HSI)

NC : not calculated (iAVPAs2 value being below the detection limit)
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chloride 118 mmol/L, plasma osmolality 345 mmol/kg, plasma vasopressin-
neurophysin 0.3 pg/L, urea 36 mmol/L and urine osmolality 330 mmol/kg.
Eleven days later, at the time of discharge, serum sodium (144
mmol/L) and urea (6 mmol/L.) were normalized.

2. Normal subjects and other patients : The results of iAVP determinations
in 12 healthy subjects have been previously reported (7). Plasma vasopressin was
also studied in five patients (P1 to PS) with polyuria (Table 1). These patients
have never been treated with lithium. In patient P2, a craniopharyngioma had
manifested itself and was operated 6 years after the evaluation of the
hypothalamo-neurohypophyseal function. In patient P3, polyuria appeared 8 days
after cranial trauma. Treatment with dDAVP (Minrin, Ferring) one or two times 5
ng/day (intranasal) had been in place for 3 years. In patient P4, the determinations
were performed one day after a cerebro-meningeal hemorrhage. Patient P5
developed polyuria 3 days after cramial trauma and had been treated with
intranasal dDAVP for the 7 weeks preceding the HSL

All subjects and patients gave their informed consent prior to the studies.

Experiments

Unless indicated, the subjects and patients were fasting (water intake was
however authorized) and abstained from smoking, drinking alcoholic beverages
and/or taking drugs on the day of the study.
Plasma osmolality and vasopressin were measured in the lithium-treated patient

1) under basal conditions (out-patient, without water restriction)
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2) three weeks later, during a HSI. Excess fluid intake was avoided during the 10
hours preceding the HSI by mild water restriction.

In the patients as well as in one healthy subject, HSI was carried out in a
recumbent position by perfusing 5% NaCl into an antecubital vein at 0.06
mlkg/min for 120 minutes. A pump was used (constant infusion rate of
hypertonic saline) to achieve a smooth increase in plasma osmolality. In patient
P3 after 40 minutes of perfusion the feeling of thirst was intense, therefore the
flow rate was brought to 0.03 ml/kg/min and 400 ml of water were absorbed.
Two blood samples were taken before perfusion (-10 and 0 minutes), then every

20 minutes during HSL

Radioimmunoassays and Extraction

The treatment of the plasma samples and the osmolality measurements
(performed 2-3 hours after HSI) were carried out as described previously. The
plasma samples were stored at -20° C for extraction within two weeks and assay
within 3 weeks. iAVP was determined by RIA using two antisera : Asl and As2
(7,8). Briefly, antiserum Ast is highly specific for the hexapeptide ring of AVP
while antiserum As2 is specifically directed towards the antigenic determinants of
the amino acid residues at positions 8 and 9 (acyclic portion of AVP). In healthy
subjects, IAVP measured with antiserum Asl (iIAVPAsl) is lower than the
immunoreactivity measured using antiserum As2 (iAVPAs2), the ratio of

iAVPAs1/iAVPAs? being 0.44 +0.13 (Table 1).



11: 09 16 January 2011

Downl oaded At:

CIRCULATING VASOPRESSIN-LIKE PEPTIDES 233

We also observed that the immunoreactivity measured using Asl was
lower than the immunoreactivity measured using As2 when the plasma
extracted components were separated by Sephadex G25 chromatography. This
difference was due to the fact that As2, but not Asi, detected a material which
was eluted before the elution volume of AVP (Smitz, unpublished results).
These results confirm the observations made by other authors (9) and can be
explained by the fact that the antisera specific for the C-terminal tail can detect
certain interfering molecules, specially degradation products of AVP.
Measurements of plasma vasopressin-neurophysin were performed by RIA
according to the technique described (10).

The results are expressed as the mean + SD. The statistical significance of the
results was evaluated using the Student t test. The results are not corrected for

loss during the extraction procedure.

RESULTS
In a healthy subject, an increase in plasma osmolality (from 283 to 294
mmol/kg) and iAVP were observed during the HSI (Fig. 1). During this test, the
ratio iAVPAs1/iAVPAs2 was 0.56 £+ 0.10 (n=9).
In the lithium-treated patient :
1. in the basal conditions, the plasma osmolality was 294 mmol//kg, urine
osmolality 245 mmol’kg, iAVPAsl 4.5 ng/L, iAVPAs2 1.8 ng/L with an

iAVPAs1/iAVPAs?2 ratio equal to 2.5, a value significantly higher (p < 0.01)
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HSI NaCl 5 %
o

Immunoreactive vasopressin (ng/L)
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FIGURE 1. Course of the plasma immunoreactive vasopressin (iAVP)
concentrations during hypertonic saline infasion (HSI) in a normal subject.
Infusion of 5 % saline into an antecubital vein was performed at the rate of 0.06
ml/kg/min for 120 minutes. iAVP was measured by antiserum Asl (IAVPAsl
O———0) and by antiserum As2 (1IAVPAs2 ¢ 4). During this test, an

increase in plasma osmolality from 283 to 294 mmol/’kg was observed and the
ratio iAVPAs1/IAVPAs2 was 0.56 + 0.10 ( n = 9 ). Asl is specific for the
hexapeptide ring of AVP while As2 is specifically directed towards the acyclic
tripeptide portion of AVP.
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than the values obtained with the 12 healthy subjects (Table 1).

. after a moderate water restriction period (10 minutes before and just before

HSI), plasma osmolalities were 308 and 307 mmol/kg respectively, urine being
hypotonic relative to plasma (250 mmol’kg) and the sensation of
thirst was present albeit weak. iAVPAsl values were 3.1 and 2.7 ng/L
respectively. The corresponding iAVPAs2 values were lower : below the

detection limit (2.0 ng/L in this case) and 2.5 ng/L, respectively.

. during HSI plasma osmolality increased from 307 mmol’kg to 343 mmolkg,

iAVPAs1 increased from 2.7 ng/L. to 74.7 ng/L and iAVPAs2 from 2.5 ng/L
to 42 ng/L (Fig. 2). Ten minutes after the HSI, 345 mmol/kg, 79.3 ng/L. and
45.7 ng/L. were the values obtained for plasma osmolality, iAVPAs1 and
1AVPASs2 respectively. The sensation of thirst was present during HSI (and
was the most intense at 20-25 min) but with low intensity relative to the degree
of plasma hyperosmolality. During this test, the ratio iAVPAs1/iAVPAs2 was
2.15 £ 0.94 (n=7) a significantly higher value (p<0.01) than the value observed
with healthy subjects (Table 1). It should also be noted that iAVPAs2 only
went above 2 ng/L when the plasma osmolality was more than 315 mmol/kg

(Fig. 2).

DISCUSSION

The antisera Asl and As2 are specific for the cyclic and acyclic regions of

arginine vasopressin respectively (7). The simultaneous use of both these antisera



SMITZ, LEGROS, AND LE MAIRE

236

(8y/owwm) Auejowso euwseld
(=4 un o [}

m o~ o~ -—
m m m m
| | | |

—310

—307

OL As?

0 345

o
o) > -
~
/// Z
// /
o
N 3
\ o
\ o
a [¥a] — @
-— o~ S
v 7} N
< b S —
a [-% O JL..
> > S~a
< < I~ .=
- — ~. <
—
v
p o
— o
AN\
I 1 T T AN T T T I I
(= < < &S o © -] -~ o~ o
© -] ~ ~ -

(11/8u) wssaadosea aandEIoUNWIW]

1102 Alenuer 9T 60:TT @IV Papeo |uwog

Time ( minutes)



11: 09 16 January 2011

Downl oaded At:

CIRCULATING VASOPRESSIN-LIKE PEPTIDES 237

will allow the detection of circulating vasopressin forms whose acyclic portion
has been modified.

In the lithium-treated patient :

1. the plasma osmolality value before HSI was unusually high (308
mmol/kg). In four other conscious patients with diabetes insipidus, the values
were between 286 and 291 mmol’kg (Table 1). This unexpected hyperosmolar
state might have been precipitated by the lithium withdrawal since it is well
recognized that lithium can stimulate thirst in humans.

2. the large increase in plasma osmolality during HSI was also unusual (and
involuntary, osmolality not being monitored during the test) : from 308 to 343
mmol/kg (5.7 % / hour). By comparison, in the three patients with CDI, plasma
osmolality increased from 286 to 306 mmol/kg, 289 to 299 mmol’kg and from
291 to 302 mmol/kg (Table 1). Large increases in plasma osmolality have also

been observed during HSI in several polyuric patients with central diabetes

FIGURE 2. Effect of infusion of hypertonic saline (HSI) on plasma
immunoreactive vasopressin (iIAVP) and plasma osmolality ( [J------- (] ) in the
patient with polyuria during lithium treatment. Infusion of 5 % saline was
performed at the rate of 0.06 ml/kg/min for 120 minutes. iAVP was measured by
antiserum Asl (iAVPAsl O——0) and by antiserum As2 (iAVPAs2

*

0). The detection limit of the assay for plasma iIAVPAs?2 is indicated by
DLAs2. Note that in contrast to the normal subject (see Fig. 1), iIAVPAs] was
higher than iIAVPAs2. Asl is specific for the ring and As2 for the tripeptide tail

of arginine vasopressin.
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insipidus (11,12). The mild fluid restriction and a decrease in the sensation of
thirst favored this unusual increase in plasma osmolality.
3. plasma vasopressin was abnormally low relative to plasma osmolality
since iAVPAs2 only went above 2 ng/L when plasma osmolality was above 315
mmolkg. This vasopressin deficit, characteristic of a cranial diabetes insipidus,
was probably more severe since iAVPAs2 does not only detect AVP, but also the
degradation products of this hormone. Vasopressin secretion increased
nonetheless, when the plasma was highly hypertonic. Since no nonosmotic stimuli
has been observed, this increase takes place on the intervention of an
osmosensitive mechanism. Seven years later, during severe dehydration, plasma
vasopressin-neurophysin remained low despite hyperosmolality and hypovolemia.
Since vasopressin-neurophysin is released in response to stimuli known to release
vasopressin, this low neurophysin level may also reflect partial central diabetes
insipidus. These data and the natural evolution (chronic hypernatremia) suggest a
severe dysfunction of the osmoregulatory system in this lithium-treated patient.
Chronic hypernatremia due to a markedly elevated threshold for vasopressin
release and thirst has been described in a patient who had received prolonged
lithium treatment (12). The cause of the reset of osmostats which persisted in this
patient despite stopping the lithium therapy for one year remained speculative
(12).
4. A remarkable finding was the unusual immunoreactivity profile. The latter

does not seem to be related to an artifact since it is observed both on the basal
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state and when iAVP increases under the effect of the osmotic challenge. This
increase in the iIAVPAs1/iAVPAs2 ratio was not found a) in another patient
presenting with diabetes insipidus (P1, Table 1) b) in patients with different
pathological conditions (excluding a patient with SIADH and an oat cell
carcinoma, see below) even when these pathological conditions involved a
neurohypophyseal stimulation (7). Since vasopressin concentrations in some
patients with cranial diabetes insipidus were very low (below the detection limit,
see Table 1), the iAVPAs1/iAVPAs?2 ratio of these patients was not available for
comparison with that of the lithium treated patient. As we have observed after
administration of DGAVP (13) and dJdDVAP (Table 1), a higher
iAVPAs1/iAVPAs?2 ratio strongly suggest the presence of circulating vasopressin-
like peptides that are distinguished from AVP by the nature or conformation of
their acyclic portion.

In certain patients who presented with polyuria during lithium treatment, a
vasopressin deficit was suspected (1,6) and confirmed by the direct determination
of plasma vasopressin (4). To the best of our knowledge, this study is the first
attempt aiming to specify the nature of the circulating vasopressin in a case of
polyuria after prolonged lithium administration. Due to the limited amount of
serum, we have not performed any chromatography. For this reason, we know
neither the number, nor the proportion of the circulating vasopressin forms.
However, these vasopressin like-peptides, which are extracted from the plasma by

our method, in all likelihood have a molecular weight close to that of AVP since
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1) the cross-reactivity of Asl with the higher molecular weight form of
vasopressin is low (7,14)
2) the recovery of higher molecular weight forms after extraction is low.

These forms could have lost their antidiuretic activity since the residues
at positions 8 and 9 are implicated in the antidiuretic activity (15,16). The
secretion of vasopressin-like peptides could result from the synthesis of a
modified mRNA and/or perturbations in the processing of the AVP precursor.
Interestingly, circulating AVP analogues which antagonize the action of AVP
have been suspected in early diabetes insipidus after hypothalamic surgery (17).
In a previous work, the heterogeneity of circulating vasopressin was
demonstrated in a patient presenting a SIADH associated with a lung tumor (7).
The iIAVPAs1/iAVPASs?2 ratio observed in this patient also suggested the presence
of peptides similar to vasopressin but differing from the latter in the structure of
the C-terminal tail. In the lithium-treated patient, no lung tumor nor SIADH were
detected. On the contrary, the patient presented a hypernatremia syndrome with
adipsia. Even though the lesions confirmed by the brain scans were not situated
in the hypothalamo-neurohypophyseal region, the causes (dehydration) and
consequences of these lesions remain uncertain. Since lithium can interfere with
the synthesis, storage and/or central release of vasopressin (2), it is likely that this
drug has favored the neuroendocrine abnormalities and severe osmoregulation
disorders that have been observed. We cannot, however, exclude an effect due to

other drugs since many other drugs were also administered to this patient.
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Immunoassay study of circulating vasopressin forms has given a fresh
impetus to research into the mechanisms involved in the pathogenesis of familial
neurogenic diabetes insipidus. As pointed out by Robertson (18), this approach
has « ... made it possible for the first time to establish unequivocally the natural
history of the AVP deficiency in this disorder ... ». Further studies are needed to
determine the usefulness of the approach developed here and its contribution to

the understanding of certain cases of acquired diabetes insipidus.

ACKNOWLEDGMENTS

We would like to thank the physicians who allowed us to study their patients. We
are indebted to the excellent nursing staff of the Metabolic Unit of the CHU and
to Mrs L.M. Olivera, Mrs M. Fodor, Mrs M. Delbouille, Dr. V. Fraipont and Mr
M. Matthys for assistance in preparing this manuscript. The first author wishes to

thank Mr and Mrs J. Smitz-Mouchomorine (SMLab) for care of the animals.

REFERENCES

1. Singer, L, Rotenberg, D., Puschett, J.B. Lithium-induced nephrogenic
diabetes insipidus : in vivo and in vitro studies. J. Clin. Invest. 1972;51:
1081-91.

2. Cox, M., Singer I. Lithium and water metabolism. Am. J. Med. 1975;
59: 153-7.

3. Forrest, JN., Cohen, A.D., Torretti, J., Himmelhoch, J., Epstein, F. On the
mechanism of lithium-induced diabetes insipidus in man and in the rat. J. Clin.
Invest. 1974; 53: 1115-23.

4. Baylis, P.H., Heath, D.A. Water disturbances in patients treated with oral
lithium carbonate. Ann. Intern. Med. 1978; 88: 607-9.



11: 09 16 January 2011

Downl oaded At:

242

10.

1

—

12.

13.

14,

15.

SMITZ, LEGROS, AND LE MAIRE

. Gold, P.W_, Robertson, G.L., Post, RM_, et al. The effect of lithium on the

osmoregulation of arginine vasopressin secretion. J. Clin. Endocrinol. Metab.
1983; 56: 295-9.

. MacNeil, S., Jennings, P.R., Paschalis, C., Jenner, F.A. Lithium and the

antidiuretic hormone. Br.J.Clin. Pharmac. 1976; 3: 305-13.

Smitz, S., Legros, J.J., Franchimont, P., le Maire, M. Identification of
vasopressin - like peptides in the plasma of a patient with the syndrome of
inappropriate secretion of antidiuretic hormone and an oat cell carcinoma.
Acta Endocrinol. (Copenh). 1988; 119 : 567-74.

Smitz, S., Legros, J.J. Regulation of vasopressin secretion in a patient
with chronic hyperatraemia. Acta Endocrinol. (Copenh). 1985; 110: 346-51.

Thomas, T.H., Lee, M.R. The specificity of antisera for the radioimunoassay
of arginine-vasopressin in human plasma and urine during water loading and
dehydration. Clin. Sci. Mol. Med. 1976; 51: 525-36.

Legros, J.J., Ansseau, M. Increased basal plasma vasopressin-neurophysin in
mania. Horm. Res. 1989; 31: 55-8.

. Baylis, P.H., Robertson, G.L. Plasma vasopressin response to hypertonic

saline infusion to assess posterior pituitary function. J. Roy. Soc. Med. 1980;
73: 255-60.

Thompson, C.J., Freeman, J., Record, C.O., Baylis, P.H. Hypernatraemia due
to a reset osmostat for vasopressin release and thirst, complicated by
nephrogenic diabetes insipidus. Postgrad. Med. J. 1987; 63: 979-82.

Riekkinen, P., Legros, J.J., Sennef. C., Jolkoonen , J., Smitz, S., Soininen, H.
Penetration of DGAVP (Org 5667) across the blood-brain barrier in human
subjects. Peptides. 1987; 8: 261-5.

Smitz, S., Legros, 1.J., Franchimont, P., le Maire, M. High molecular
weight vasopressin : detection of a large amount in the plasma of a patient.
Clin. Endocr. (Oxf). 1985; 23: 379-84.

Walter, R., Smith, C.W., Mehta, P.K., Boonjarern, S., Arruda, JAL,,
Kurtzman, N.A. Conformational considerations of vasopressin as a guide to
development of biological probes and therapeutic agents. In : Andreoli,
T.E., Grantham, J.J., Rector, F.C. Jr., eds. Disturbances in Body Fluid
Osmolality. American Physiological Society, Baltimore, Maryland, Waverly
Press, Inc., 1977 : 1-36.



11: 09 16 January 2011

Downl oaded At:

CIRCULATING VASOPRESSIN-LIKE PEPTIDES 243

16. Manning, M., Olma, A., Klies, W., et al. Carboxy terminus of vasopressin
required for activity but not binding. Nature. 1984; 308 652-3.

17. Seckl, I. R., Dunger, D.B., Bevan, J.S., et al. Vasopressin antagonist in early
postoperative diabetes insipidus. Lancet. 1990; 355: 1353-6.

18. Robertson, G.L. The use of vasopressin assays in physiology and patho-
physiology. Semin. Nephrol. 1994; 14: 368-83.



