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In some humans, the big and big-big prolactin variants represent the majority of
circulating prolactin, considered to be without biological activity. Aims: to establish the
clinical expression of macroprolactinemia and the interference with immunodiagnostic tests
in a randomized group of 84 consecutive patients with hyperprolactinemia. IRMA and
electrochemiluminescence (Elecsys) were used for PRL assay; gel filtration
chromatography (GFC) and protein A precipitation test were used to reveal
macroprolactinemia. Results: Macroprolactinemia was found in 16 out of 84 patients (group
A), 62 patients had hyperprolactinemia of other causes (group B) and 6 had normal PRL
levels and normal GFC (group C). Of 16 patients with macroprolactinemia, 6 showed
normal PRL with IRMA and hyperprolactinemia with Elecsys. The difference between the
two methods used (∆ = PRL determined by Elecsys, -PRL determined by IRMA) correlated
with big big PRL level determined by GFC with Elecsys in all patients. The strongest
correlation was found in patients with macroprolactinemia (group A, r=0.82, p<0.01) as
compared with group B, without macroprolactinemia (r=0.39, p<0.01). Menstrual disorders
were expressed, but less frequent in group A versus B (3/15 vs. 28/56, p=0.04), and the
appearance of galactorrhea and infertility were not statistically different. Conclusions: In
these patients, macroprolactinemia had clinical expression, but weaker than in true
hyperprolactinemic patients. It determines high apparent variability of serum PRL level in
current commercial assays.
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INTRODUCTION

Prolactin is a polypeptide hormone produced mainly in anterior pituitary
lactotrophs, but also in extra pituitary tissues, as in decidua, myometrium, breast,
prostate, brain and immune cells, functioning as a hormone and a cytokine (1).
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There are three major circulating variants of prolactin, as detected by gel filtration
chromatography (GFC): monomeric form (“little prolactin”, 23 kD), which
normally is up to 85-90% of serum prolactin, big prolactin (50-60 kD, <10%) and
big-big prolactin (>100 kD, <3%) (Fig. 1). In some humans, the big-big variant
represents the majority of circulating prolactin, situation called macroprolactinemia
(2). Big prolactin is a complex of little prolactin and another serum component,
possible prolactin-binding protein, as suggested by some authors (3), or represents
a dimmer of little prolactin (4).

Big-big prolactin, also called macroprolactin, is mainly due to a complex of
peripherical origin from monomeric prolactin of any source (pituitary or extra
pituitary) and immunoglobulin G (5-7). However, there are patients with
macroprolactinemia who lack anti-PRL antibodies (8, 9). Because of its low
clearance, macroprolactinemia determines high levels of PRL with normal pituitary
function. This complex has different immunoreactivity in available commercial
assays, causing great variability in serum prolactin (10, 11).

The most frequent causes of high levels of prolactin, when pregnancy is
excluded, are pituitary tumors, drugs and primary hypothyroidism (12).
Macroprolactinemia is more common than generally believed; its prevalence has
been reported to be up to 46% of hyperprolactinemias (13-16). It is more frequent
in patients with autoimmune diseases, such as in systemic lupus erythematosus,
where it could represent a prognostic factor (17, 18).

The clinical consequences of macroprolactinemia are still a matter of debate.
First, high molecular weight variants of prolactin were found in 1981 in an
acromegalic patient with hyperprolactinemia (19). Many studies reported
predominance of big-big prolactin in patients with normal gonadic function (20-24).
However, there are patients who present some of the classical symptoms of
hyperprolactinemia (25-29).
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Figure 1. The three major circulating variants of prolactin, as detected by gel filtration
chromatography: monomeric form (23 kD), big prolactin (50-60 kD), 

and big-big prolactin (150 kD).



The aim of this study is to establish the clinical expression of
macroprolactinemia and its influence upon immunodiagnostic assays.

MATERIALS AND METHODS

Eighty-four consecutive patients were investigated for hyperprolactinemia in the
Department of Endocrinology, Timone Hospital, Marseille. All patients had a
complete clinical evaluation, laboratory tests (basal prolactin (PRL) levels and after
dynamic tests, FSH, LH and LHRH test, fT3, fT4, TSH, thyroid peroxidase and
thyroglobulin antibodies), neuroradiological examination (MRI, CT). PRL levels
were measured using an immunoradiometric method (IRMA) and by
electrochemiluminescence (Elecsys).

To establish macroprolactin percents, GFC and protein A precipitation test were
used. Chromatographic method was described elsewhere (30). Gel filtration
revealed three peaks of PRL: >100 kD (big-big prolactin), 50-60 kD (big prolactin)
and 23 kD, monomeric PRL. Patients who had >50% of prolactin in big and big-big
fractions were considered to have macroprolactinemia. Precipitation method
consisted in measuring prolactin before and in the supernatant obtained after
precipitation with a protein A- Sepharose suspension (Immunotech Beckman
Coulter); the percent of macroprolactin could be estimated using the difference
between these two values: 100 (PRL before- PRL after X 2.3) / PRL before.

Statistical analysis: data were expressed as mean + SD. Groups were compared
using t test for continuous variables and χ2 test for qualitative variables. Results
were considered significant when p<0.05. Pearson correlation test was used for r
determination.

RESULTS

Hyperprolactinemia was due to macroprolactinemia in 16 patients (19%, A
group). Other causes of hyperprolactinemia (B group) were: pituitary adenoma (33
patients; 28 with prolactinoma), iatrogenic causes (6 patients: 5 after pill and 1 after
domperidon), PCOS (n=3); pituitary abscess, hydrocephaly, astrocytoma (each one
patient). 17 cases had idiopathic hyperprolactinemia (Fig. 2). Six patients were
found normoprolactinemic (control C group).

Clinical characteristics of patients in the studied groups are illustrated in table 1.
Of 16 patients with macroprolactinemia, 6 were found to have normal PRL level
and 10 patients had PRL level>20 ng/ml, as determined by IRMA.

Sex ratio was not statistically different between groups, but patients in
macroprolactinemic group tended to be older than in B and C groups. The reasons
for prolactin determination were: menstrual disorders, including amenorrhea,
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galactorrhea, infertility, others: gynecomasty, mastodynia, headache, weakness,
assessment for pill, sexual dysfunction, hirsutism. Menstrual disorders were
statistically less frequent in macroprolactinemic women than in hyperprolactinemic
women with normal chromatographic pattern (p=0.04), not different from patients
with normal prolactin level (p=NS). Amenorrhea was found in 4 (27%)
macroprolactinemic women, but 3 were postmenopausal, with elevated serum
gonadotropins and 1 had hyperandrogenism, with normal gonadotropins level.

There were 3 patients with galactorrhea in A group, 1 with normal prolactin
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Figure 2. Etiology of hyperprolactinemia in studied groups; PCOS -polycystic ovary syndrome.

A group
(Macro PRL)

B group
(other HPRL)

C group
(normal PRL)

Number of patients 16 62 6

Sex ratio (F/M) 15/1 56/6 6/0

Age (X SD) years 40.6± 8.9 *, ** 33 ±10.2 34.5 7.2

Menstrual disorders 3(19%)* 28(45%) 2(33%)

Amenorrhea 0 8(13%) 0

Galactorrhea 3(19%) 26(42%) 3(50%)

Infertility 6(37%) 23(37%) 3(50%)

*p<0.05 A vs. B group, ** p<0.05 A vs. C group, Macro PRL -macroprolactinemia, 
Other HPRL - other causes of hyperprolactinemia.

Table 1. Clinical characteristics of the studied groups 



level. Galactorrhea was less frequent than in B group (p=0.04), but similar to
control group C (5 patients). Infertility determined PRL measuring in 6 patients
from A group, 3 with secondary infertility (they had previously given birth to 
1-2 children) and 3 nulliparous women, all over 34 years of age. 3/6 patients in
control group had infertility, and in all who had gonadotropins determination, these
were found normal. The reason of the first presentation for the male who had
macroprolactinemia was left gynecomasty, without galactorrhea (Fig. 3).

Although macroprolactinemia appears to be more frequent in immune disorders

than in systemic lupus erythematosus (17, 31), patients from A group or their
relatives had no known autoimmune disorders. ATPO and antithyroglobulin
antibodies were negative in all macroprolactinemic patients. In patients without
macroprolactinemia, ATPO were present in 9 patients.

The relative differencies (RD)= (PRL Elecsys - PRL IRMA) / PRL Elecsys is
higher in macroprolactinemic group than in true prolactinemic patients (0.53 + 0.29
vs 0.43 + 0.28, p=0.03 -Mann Whitney Test). PRL concentration in all three groups
are shown in table 2. PRL determined by Elecsys was higher than PRL determined
by IRMA, both in macroprolactinemic (A) and hyperprolactinemic (B) group. One
of the patients with macroprolactinemia had PRL level 203 ng/ml with Elecsys and
10 ng/ml with IRMA. The difference between the two methods used (∆ = PRL
determined by Elecsys - PRL determined by IRMA) correlated with big-big PRL
level determined by CFG with Elecsys in all hyperprolactinemic patients. The
strongest correlation was noticed in patients with macroprolactinemia (A group),
r=0.82, p<0.01 as compared with B group, r=0.39, p<0.01 in B group (Fig. 4). This
correlation was not seen in the control group C: r= -0.27, p>0.05.

Protein A precipitation test correlated significantly with GFC (r=0.67, p<0.01,
Sn=75%, Sp=95,5%), suggesting that it can be used in the screening of patients with
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Figure 3. Clinical symptoms of macroprolactinemic patients (n=16).
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macroprolactinemia. There were 5 false negative and 3 false positive patients with
protein A precipitation test.

Neuroradiological examination (IRM and/or CT) was performed in all patients.

There was no patient with pituitary adenoma in macroprolactinemic group; some of
the patients had heterogeneity of the pituitary and one had empty sella, similar to
the patients in control group. In the B group, there were 8 patients with pituitary
macroadenoma and 25 patients with microadenoma.
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Figure 4. The correlation between the difference between two methods used for PRL measuring
in hyperprolactinemic patients (n=78) with or without macroprolactinemia.

A group
(Macro PRL)

B group
(Other HPRL)

C group
(Normal PRL)

Number of patients 16 62 6

PRL IRMA (ng/ml)
mean +SD

29.8+20.7 39.01+41.7 11.4+2.7

min 8 3 7.9

max 82 198 15
PRL Elecsys (ng/ml)

mean+SD
84.1+68.8 72.1+63.3 13.7+4.5

min 20 15 9
max 237 132 20

Table 2. PRL concentration in all studied groups with two different assays



DISCUSSIONS

Macroprolactinemia, the predominance of high molecular weight variants of PRL,
was discovered for many years in asymptomatic patients (32-35). Its clinical
importance still remains an open problem. Although the first studies found
macroprolactinemia in patients lacking the clinical features of hyperprolactinemia
(36-40), many reported the presence of signs and symptoms (41-45), although less
frequently. This suggests that macroprolactin has some biological activity in vivo. In
vitro, macroprolactin has normal bioactivity, as it is proved by its mitogenic activity
on Nb2 rat lymphoma cells (46). The difference between in vitro and in vivo
biological activity was explained by the difficulties of high molecular prolactin to
cross the capillary endothelium and to reach the target receptors (47, 48).

Macroprolactinemia determines hyperprolactinemia because of its low clearance
(49), while in most cases pituitary lactotrophs have a normal capacity to secrete PRL.
However, macroprolactin proved to be a heterogeneous molecule, and there are cases
with macroprolactinemia and with high monomeric PRL levels of any cause.

In our study, 10 of 16 macroprolactinemic patients expressed some of the classical
symptoms of hyperprolactinemia. Galactorrhea and infertility were not different in
frequency from true hyperprolactinemic patients, and menstrual disorders were less
frequent, similarly to normal prolactin patients. There were 4 patients with
amenorrhea and macroprolactinemia, but 3 were postmenopausal, with elevated
serum gonadotropins and 1 had hyperandrogenism, with normal gonadotropins level.
So, in studied women with macroprolactinemia, amenorrhea could not be attributed
to macroprolactinemia. Macroprolactinemia has clinical expression, but reduced
compared with hyperprolactinemia with normal CFG.

Prolactin serum level in macroprolactinemia is usually less than 100 ng/ml, but
there are cases with prolactin serum level higher than 200 ng/ml, which can lead to
diagnostic errors, especially in the presence of pituitary incidentalomas (50). We had
two patients with PRL level higher than 200 ng/ml, but fortunately without MRI
evidence of pituitary adenoma. However, macroprolactinemia can be associated with
any other cause of hyperprolactinemia, including prolactinoma (51). Pituitary imaging
is necessary at least once in macroprolactinemic patients.

Macroprolactinemia determined a high variability of serum PRL. One patient with
macroprolactinemia had 10 ng/ml PRL determined by IRMA and 203 ng/ml
determined by Elecsys. This great variability has been explained by the capacity of
IgG component of macroprolactin to mask PRL epitopes recognized by commercial
assays (52, 53). In studied patients with hyperprolactinemia, the difference between
the two methods used for PRL determination (Elecsys, which is the most accurate to
macroprolactinemia and IRMA) depended on big big PRL level, as measured by CFG
with Elecsys, with the strongest correlation seen in macroprolactinemic group. So, the
level of PRL can be confusing without knowing the sensitivity to macroprolactin of
the commercial test used to determine PRL level. The hyperprolactinemic group with
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normal CFG also showed different values of PRL with both methods, so the
difference between the two methods utilized for PRL determination cannot be used
for detecting macroprolactinemia, as also shown by others (54).

CONCLUSIONS

Macroprolactinemia, the predominance of high molecular weight variant of PRL,
shows a modest clinical manifestation. In macroprolactinemia, serum PRL level
showed a great variability, which can be confusing if we do not use methods for
macroprolactin determination. For a good clinical interpretation, the practitioner should
know the sensitivity of each particular PRL assay to the presence of macroprolactin.

References

1. Ben Jonathan N, Liby K, McFarland M, Zinger M. Prolactin as an autocrine/paracrine growth factor

in human cancer. Trends Endocrinol Metab 2002; 13(6):245-250.

2. Jackson RD, Wortsman J, Malarkey WB. Characterization of a large molecular weight prolactin in

women with idiopathic hyperprolactinemia and normal menses. J Clin Endocrinol Metab 1985;

61(2):258-264.

3. Kline JB, Clevenger CV. Identification and characterization of the prolactin-binding protein in

human serum and milk. J Biol Chem 2001; 276(27):24760-24766.

4. Piketty M-L, Lancelin F, Poirier-Begue E, Coussieu C. Le dosage de la prolactine et ses pieges.

Reproduction Humaine et Hormones 2002; XV(1-2):7-16.

5. Hattori N, Ishihara T, Ikekubo K, Moridera K, Hino M, Kurahachi H. Autoantibody to human

prolactin in patients with idiopathic hyperprolactinemia. J Clin Endocrinol Metab 1992; 75(5):1226-

1229.

6. Bonhoff A, Vuille JC, Gomez F, Gellersen B. Identification of macroprolactin in a patient with

asymptomatic hyperprolactinemia as a stable PRL-IgG complex. Exp Clin Endocrinol Diabetes 1995;

103(4):252-255.

7. Cacavo B, Leite V, Santos MA, Arranhado E, Sobrinho LG. Some forms of big big prolactin behave

as a complex of monomeric prolactin with an immunoglobulin G in patients with macroprolactinemia

or prolactinoma. J Clin Endocrinol Metab 1995; 80(8):2342-2346.

8. De Schepper J, Schiettecatte J, Velkeniers B, Blumenfeld Z, Shteinberg M, Devroey P et al. Clinical

and biological characterization of macroprolactinemia with and without prolactin-IgG complexes. Eur

J Endocrinol 2003; 149(3):201-207.

9. Hattori N. The frequency of macroprolactinemia in pregnant women and the heterogeneity of its

etiologies. J Clin Endocrinol Metab 1996; 81(2):586-590.

10. Cavaco B, Prazeres S, Santos MA, Sobrinho LG, Leite V. Hyperprolactinemia due to big big

prolactin is differently detected by commercially available immunoassays. J Endocrinol Invest 1999;

22(3):203-208.

Simona Galoiu et al. 

38



11. Ahlquist JA, Fahie-Wilson MN, Cameron J. Variable detection of macroprolactin: a cause of

apparent change in serum prolactin levels. Clin Endocrinol (Oxf) 1998; 48(1):123-124.

12. Ahlquist JA, Fahie-Wilson MN, Cameron J. Variable detection of macroprolactin: a cause of

apparent change in serum prolactin levels. Clin Endocrinol (Oxf) 1998; 48(1):123-124.

13. Vallette-Kasic S, Morange-Ramos I, Selim A, Gunz G, Morange S, Enjalbert A et al.

Macroprolactinemia revisited: a study on 106 patients. J Clin Endocrinol Metab 2002; 87(2):581-588.

14. Fahie-Wilson MN, Soule SG. Macroprolactinaemia: contribution to hyperprolactinaemia in a

district general hospital and evaluation of a screening test based on precipitation with polyethylene

glycol. Ann Clin Biochem 1997; 34 ( Pt 3):252-258.

15. Garcia ML, Diez HA, Ciriza de los RC, Delgado GM, Orejas GA, Fernandez Erales AL et al.

Macroprolactin as etiology of hyperprolactinemia. Method for detection and clinical characterization

of the entity in 39 patients. Rev Clin Esp 2003; 203(10):459-464.

16. Hauache OM, Rocha AJ, Maia AC, Maciel RM, Vieira JG. Screening for macroprolactinaemia and

pituitary imaging studies. Clin Endocrinol (Oxf) 2002; 57(3):327-331.

17. Leanos A, Pascoe D, Fraga A, Blanco-Favela F. Anti-prolactin autoantibodies in systemic lupus

erythematosus patients with associated hyperprolactinemia. Lupus 1998; 7(6):398-403.

18. Pacilio M, Migliaresi S, Meli R, Ambrosone L, Bigliardo B, Di Carlo R. Elevated bioactive

prolactin levels in systemic lupus erythematosus—association with disease activity. J Rheumatol

2001; 28(10):2216-2221.

19. Rogol AD, Eastman RC, Manolio T, Rosen SW. Unusual heterogeneity of circulating prolactin in

an acromegalic. J Endocrinol Invest 1981; 4(2):221-227.

20. Andersen AN, Pedersen H, Larsen JF, Djursing H. Preserved prolactin fluctuations and response

to metoclopramide in ovulatory, infertile, hyperprolactinemic women. Acta Obstet Gynecol Scand

1984; 63(2):141-144.

21. Andino NA, Bidot C, Valdes M, Machado AJ. Chromatographic pattern of circulating prolactin in

ovulatory hyperprolactinemia. Fertil Steril 1985; 44(5):600-605.

22. Colon JM, Ginsburg F, Schmidt CL, Weiss G. Hyperprolactinemia in clinically asymptomatic,

fertile men: report of two cases. Obstet Gynecol 1989; 74(3 Pt 2):510-513.

23. Guay AT, Sabharwal P, Varma S, Malarkey WB. Delayed diagnosis of psychological erectile

dysfunction because of the presence of macroprolactinemia. J Clin Endocrinol Metab 1996;

81(7):2512-2514.

24. Guitelman M, Colombani-Vidal ME, Zylbersztein CC, Fiszlejder L, Zeller M, Levalle O et al.

Hyperprolactinemia in asymptomatic patients is related to high molecular weight posttranslational

variants or glycosylated forms. Pituitary 2002; 5(4):255-260.

25. Vallette-Kasic S, Morange-Ramos I, Selim A, Gunz G, Morange S, Enjalbert A et al.

Macroprolactinemia revisited: a study on 106 patients. J Clin Endocrinol Metab 2002; 87(2):581-588.

26. Suliman AM, Smith TP, Gibney J, McKenna TJ. Frequent misdiagnosis and mismanagement of

hyperprolactinemic patients before the introduction of macroprolactin screening: application of a new

strict laboratory definition of macroprolactinemia. Clin Chem 2003; 49(9):1504-1509.

27. Olukoga AO, Kane JW. Macroprolactinaemia: validation and application of the polyethylene

glycol precipitation test and clinical characterization of the condition. Clin Endocrinol (Oxf) 1999;

51(1):119-126.

Clinical expression of big-big prolactin

39



28. Cavaco B, Leite V, Santos MA, Arranhado E, Sobrinho LG. Some forms of big big prolactin

behave as a complex of monomeric prolactin with an immunoglobulin G in patients with

macroprolactinemia or prolactinoma. J Clin Endocrinol Metab 1995; 80(8):2342-2346.

29. Strachan MW, Teoh WL, Don-Wauchope AC, Seth J, Stoddart M, Beckett GJ. Clinical and

radiological features of patients with macroprolactinaemia. Clin Endocrinol (Oxf) 2003; 59(3):339-

346.

30. Vallette-Kasic S, Morange-Ramos I, Selim A, Gunz G, Morange S, Enjalbert A et al.

Macroprolactinemia revisited: a study on 106 patients. J Clin Endocrinol Metab 2002; 87(2):581-588.

31. Pacilio M, Migliaresi S, Meli R, Ambrosone L, Bigliardo B, Di Carlo R. Elevated bioactive

prolactin levels in systemic lupus erythematosus—association with disease activity. J Rheumatol

2001; 28(10):2216-2221.

32. Jackson RD, Wortsman J, Malarkey WB. Characterization of a large molecular weight prolactin

in women with idiopathic hyperprolactinemia and normal menses. J Clin Endocrinol Metab 1985;

61(2):258-264.

33. Andino NA, Bidot C, Valdes M, Machado AJ. Chromatographic pattern of circulating prolactin in

ovulatory hyperprolactinemia. Fertil Steril 1985; 44(5):600-605.

34. Fraser IS, Lun ZG, Zhou JP, Herington AC, McCarron G, Caterson I et al. Detailed assessment of

big big prolactin in women with hyperprolactinemia and normal ovarian function. J Clin Endocrinol

Metab 1989; 69(3):585-592.

35. Hattori N, Ikekubo K, Ishihara T, Moridera K, Hino M, Kurahachi H. A normal ovulatory woman

with hyperprolactinemia: presence of anti-prolactin autoantibody and the regulation of prolactin

secretion. Acta Endocrinol (Copenh) 1992; 126(6):497-500.

36. Andino NA, Bidot C, Valdes M, Machado AJ. Chromatographic pattern of circulating prolactin in

ovulatory hyperprolactinemia. Fertil Steril 1985; 44(5):600-605.

37. Whittaker PG, Wilcox T, Lind T. Maintained fertility in a patient with hyperprolactinemia due to

big, big prolactin. J Clin Endocrinol Metab 1981; 53(4):863-866.

38. Jackson RD, Wortsman J, Malarkey WB. Characterization of a large molecular weight prolactin

in women with idiopathic hyperprolactinemia and normal menses. J Clin Endocrinol Metab 1985;

61(2):258-264.

39. Colon JM, Ginsburg F, Schmidt CL, Weiss G. Hyperprolactinemia in clinically asymptomatic,

fertile men: report of two cases. Obstet Gynecol 1989; 74(3 Pt 2):510-513.

40. Hattori N, Ikekubo K, Ishihara T, Moridera K, Hino M, Kurahachi H. A normal ovulatory woman

with hyperprolactinemia: presence of anti-prolactin autoantibody and the regulation of prolactin

secretion. Acta Endocrinol (Copenh) 1992; 126(6):497-500.

41. Leite V, Cosby H, Sobrinho LG, Fresnoza MA, Santos MA, Friesen HG. Characterization of big,

big prolactin in patients with hyperprolactinaemia. Clin Endocrinol (Oxf) 1992; 37(4):365-372.

42. Leslie H, Courtney CH, Bell PM, Hadden DR, McCance DR, Ellis PK et al. Laboratory and

clinical experience in 55 patients with macroprolactinemia identified by a simple polyethylene glycol

precipitation method. J Clin Endocrinol Metab 2001; 86(6):2743-2746.

43. Vallette-Kasic S, Morange-Ramos I, Selim A, Gunz G, Morange S, Enjalbert A et al.

Macroprolactinemia revisited: a study on 106 patients. J Clin Endocrinol Metab 2002; 87(2):581-588.

Simona Galoiu et al. 

40



44. Suliman AM, Smith TP, Gibney J, McKenna TJ. Frequent misdiagnosis and mismanagement of

hyperprolactinemic patients before the introduction of macroprolactin screening: application of a new

strict laboratory definition of macroprolactinemia. Clin Chem 2003; 49(9):1504-1509.

45. De Schepper J, Schiettecatte J, Velkeniers B, Blumenfeld Z, Shteinberg M, Devroey P et al.

Clinical and biological characterization of macroprolactinemia with and without prolactin-IgG

complexes. Eur J Endocrinol 2003; 149(3):201-207.

46. Leite V, Cosby H, Sobrinho LG, Fresnoza MA, Santos MA, Friesen HG. Characterization of big,

big prolactin in patients with hyperprolactinaemia. Clin Endocrinol (Oxf) 1992; 37(4):365-372.

47. Leite V, Cosby H, Sobrinho LG, Fresnoza MA, Santos MA, Friesen HG. Characterization of big,

big prolactin in patients with hyperprolactinaemia. Clin Endocrinol (Oxf) 1992; 37(4):365-372.

48. Hattori N, Inagaki C. Anti-prolactin (PRL) autoantibodies cause asymptomatic

hyperprolactinemia: bioassay and clearance studies of PRL-immunoglobulin G complex. J Clin

Endocrinol Metab 1997; 82(9):3107-3110.

49. Hattori N, Inagaki C. Anti-prolactin (PRL) autoantibodies cause asymptomatic

hyperprolactinemia: bioassay and clearance studies of PRL-immunoglobulin G complex. J Clin

Endocrinol Metab 1997; 82(9):3107-3110.

50. Jackson RD, Wortsman J, Malarkey WB. Macroprolactinemia presenting like a pituitary tumor.

Am J Med 1985; 78(2):346-350.

51. Mounier C, Trouillas J, Claustrat B, Duthel R, Estour B. Macroprolactinaemia associated with

prolactin adenoma. Hum Reprod 2003; 18(4):853-857.

52. John R, McDowell IF, Scanlon MF, Ellis AR. Macroprolactin reactivities in prolactin assays: an

issue for clinical laboratories and equipment manufacturers. Clin Chem 2000; 46(6 Pt 1):884-885.

53. Gilson G, Schmit P, Thix J, Hoffman JP, Humbel RL. Prolactin results for samples containing

macroprolactin are method and sample dependent. Clin Chem 2001; 47(2):331-333.

54. Gilson G, Schmit P, Thix J, Hoffman JP, Humbel RL. Prolactin results for samples containing

macroprolactin are method and sample dependent. Clin Chem 2001; 47(2):331-333.

Clinical expression of big-big prolactin

41


