The Sources of Carnitine in Human Semen
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A study was initiated to determine the sources
of carnitine in the male reproductive system.
Free and total carnitine was measured in a
group of healthy men before and after vasec-
tomy. Each individual served as his own con-
trol. The results show that postvasectomy
semen contains about 52% as much total car-
nitine and 40% as much free carnitine as pre-
vasectomy samples. The data indicate that, in
addition to the epididymis, the seminal vesicles
and/or vas deferens are major contributors of
carnitine in human semen.
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Approximately 40% of infertility problems in
humans can be attributed to a male factor. To date
there are many unanswered questions concerning
the role of carnitine in male reproductive physiol-
ogy and pathophysiology.

There are indications of a role for carnitine in
sperm metabolism (Casillas and Erickson, 1975),
sperm maturation, fertilization capability (Casillas
and Chaipayungpan, 1979), and motility (Tan-
phaichitr, 1977). Identification of the source of
carnitine in human semen could help to define its
physiologic role.

There are conflicting reports in the literature re-
garding the source of free carnitine in seminal
plasma. Frankel et al (1974) compared levels of free
carnitine in semen in normal donors with the
levels in patients 30 days after vasectomy. They
concluded that about 58% of free carnitine in
human semen originates from the epididymis.
Wetterauer and Heite (1978 and 1980) compared
the mean free carnitine concentrations after vas-
ectomy with those in normal ejaculates and re-
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ported that 94% of the free carnitine originates
from the epididymis. Lewin et al (1979) compared
the free carnitine levels in fertile semen (artificial
insemination donors) with levels in postvasec-
tomy semen and found one-third as much free
carnitine in postvasectomy semen as in normal
semen.

This study was initiated to: 1) determine the
proportion of free carnitine originating from the
epididymis; 2) determine whether free carnitine
measurements can be used to evaluate epididymal
function; and 3) to determine whether carnitine
measurements can be helpful in detecting the lo-
cation of obstruction in the male reproductive
system in the treatment of obstructive azoospermia.

Materials and Methods

This study was conducted in a group of married men,
between the ages of 27 and 37, who were determined to
be healthy and were on no medication. Prior to elective
vasectomy, ejaculated semen samples were collected
and held frozen from the time they were received in the
laboratory until used. Additional specimens were ob-
tained five to six weeks after the vasectomies were per-
formed, as suggested by Chun et al (1980). Each patient
served as his own control.

The semen samples were deproteinized with per-
chloric acid (5%) and neutralized with potassium hy-
droxide. Aliquots of the supernatant fluid were
analyzed for free carnitine by the radioenzyme method
of Cederblad and Lindstedt (1972). Total carnitine was
measured from an aliquot of the deproteinized super-
natant fluid after adjusting the pH to >12 by the addi-
tion of potassium hydroxide (10 M) before incubation at
37 C for 1 hour. The resulting hydrolyzate was neu-
tralized and assayed by the method of Cederblad and
Lindstedt (1972).
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TABLE I. Pre- and Postvasectomy Levels of Carnitine in Human Semen
Total Carnitine Free Carnitine
(nmol/ml) (nmol/ml)
Patient No.
(Initials) Prevasectomy Postvasectomy Prevasectomy Postvasectomy
1. J.B. 916 372 842 269
2. D.B. 562 316 546 241
3. S.\M. 633 21 464 87
4. HR. 1348 786 1154 538
5. B.W. 712 266 529 214
6. J.W. 414 403 354 352
7. F.M. 816 170 699 79
8. E.R. 300 258 245 143
9. D.R. 452 214 408 159
10. R.R. 394 354 293 298
11. M.F. 410 221 325 59
Mean + SEM 625 + 92 324 + 51+ 532 + 82 221 + 42+
*P < 0.005.

The data were analyzed statistically using a t test for
paired data to determine the significance of the differ-
ences between the means of pre- and postvasectomy
concentrations of free and total carnitine. The 95% con-
fidence interval of the mean was calculated for total and
free carnitine in pre- and postvasectomy samples.

Results

The amounts of total carnitine and free carnitine
in seminal plasma from pre- and postvasectomy
specimens are shown in Table 1. The range of total
carnitine in the prevasectomy specimens was
between 300 and 1348 nmol/ml. The range in post-
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vasectomy specimens was between 170 and 786
nmol/ml. The mean (x) and standard error of the
mean (SEM) for total carnitine were 625 * 92
nmol/ml for prevasectomy specimens and 324 + 51
nmol/ml for postvasectomy specimens (Fig. 1). The
difference between pre- and postvasectomy pro-
duction of total carnitine is statistically significant
(P = 0.005). The 95% confidence interval of the
mean for total carnitine in the prevasectomy group
was between 419 and 831 nmol/ml and for the

postvasectomy group was between 210 and 439
nmol/ml (Fig. 1).

Prevasectomy D

Postvasectomy [/
y Fig. 1. Comparison of total

and free carnitine levels in pre-
and postvasectomy semen sam-
ples. A. Mean of total carnitine in
pre- and postvasectomy human
semen. B. Mean of free carnitine
in pre- and postvasectomy
human semen. (The standard er-
rors of the mean are indicated by
the vertical lines.) C. Ninety-five
percent confidence interval of the
mean for total carnitine in
human semen. D. Ninety-five
percent confidence interval of the
mean for free carnitine in human
semen. (The horizontal line in
the middle of each bar represents
the mean.)
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The range of free carnitine for prevasectomy
specimens was between 245 and 1154 nmol/ml and
for postvasectomy specimens, between 59 and 538
nmol/ml. The mean and standard error of the mean
for free carnitine were 532 + 82 nmol/ml in the
prevasectomy group and 221 * 42 nmol/ml in the
postvasectomy group (Fig. 1). This difference
between pre- and postvasectomy levels of free
carnitine is statistically significant (P < 0.005). The
95% confidence interval of the mean for free car-
nitine in the prevasectomy group was between 349
and 716 nmol/ml and for the postvasectomy group
was between 126 and 316 nmol/ml (Fig. 1). There
was no overlap of the free carnitine level in the
pre- and postvasectomy samples. The total car-
nitine level, however, shows a slight overlap be-
tween pre- and postvasectomy specimens.

The results indicate that postvasectomy semen
contains about 40% as much free carnitine and
52% as much total carnitine as prevasectomy
semen (Fig. 1). These data show that, in addition
to the epididymis, the accessory sex organs con-
tribute free carnitine to seminal plasma.

Discussion

The semen ejaculated after vasectomy does not
contain secretions from the testis or the epididy-
mis but consists mainly of secretions from the
seminal vesicles and the prostate gland and a small
contribution from the vasa deferentia. Since
bioautography of prostatic fluid (obtained by
prostatic massage) shows only traces of carnitine
and its acyl derivates, some of the carnitine in
postvasectomy semen must be contributed by the
seminal vesicles (Lewin et al, 1979). The results in
Table 1 show that free carnitine in seminal plasma
is derived from both the epididymis and accessory
reproductive organs. This is in contrast to the lack
of carnitine in semen of vasectomized rams
(Brooks, 1979) and to the results obtained in the
rat. In the rat, the epididymis appears to be the
major source of carnitine (Brooks et al, 1974).

Measurements of carnitine levels in human
semen have been suggested by Wetterauer and
Heite (1978) to be useful as a “representative bio-
chemical parameter” of epididymal function. In a
subsequent publication, these authors (Wet-
terauer and Heite, 1980) have suggested that the
estimation of carnitine plus fructose and citrate is
useful for locating the site of obstructive azo-
ospermia. The fructose level would be an indicator
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of seminal vesicle function; citrate or acid phos-
phatase and, to a lesser degree, gamma-GT would
be indicators of prostate function; and the car-
nitine level would be an indicator of epididymal
function. However, our study strongly indicates
that carnitine in seminal plasma is derived from
both the epididymis and the seminal vesicles
and/or vas deferens and thus supports the work of
Lewin et al (1976) on the usefulness of measuring
carnitine and fructose levels for assessment of
both epididymal and seminal vesicle functions.
The data reported here indicate that there is no
overlap in the 95% confidence interval of the mean
for free carnitine levels in pre- and postvasectomy
specimens and that the overlap is minimal when
total carnitine levels are considered (Fig. 1).

There were no differences in the levels of free
carnitine before and after vasectomy in two of the
cases studied (#6 and #10) (Table I). Since the
samples were collected, stored, and measured
under similar conditions, it seems likely that free
carnitine in the prevasectomy samples was con-
tributed mainly by the seminal vesicle and/or vas
deferens, probably due to epididymal dysfunc-
tion. The amounts of total and free carnitine in
these two samples were lower than the average,
also indicating an impaired output of carnitine
and a possibility of epididymal dysfunction.

In summary, carnitine levels have been mea-
sured in human semen before and after vasec-
tomy. The results indicate that postvasectomy
specimens contain 40% as much free carnitine and
52% as much total carnitine as prevasectomy
semen. Therefore, in addition to the epididymis,
the seminal vesicle and/or vas deferens contribute
to the carnitine level in human semen.
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