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The process of spermatogenesis liberates

significant heat and the scrotum has a role in body
thermoregulation
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Summary The temperature in human testis is 2—3 °C less than that of body providing a suitable environment for
sperm production. Pampiniform plexus play a major role in this. Authors question the full function of Pampiniform
plexus; if it is sufficiently efficient to maintain the optimal temperature, why testes are not retained in abdomen. The
present hypothesis states that during the process of spermatogenesis a large amount of heat is liberated as a bye
product of energy utilization. Testes are purposefully kept away in the dangling scrotum to exclude the damage
otherwise it would have caused to visceral organs from the heat it produced. The heat from testes is carefully liberated
by scrotum. The thin skin with no subcutaneous fat, scanty hair distribution and presence of more sweat glands on it
permits easy escape of heat. On exposure to cold, the scrotal surface area is minimized by rugosities for heat

conservation and cremaster muscles lift testes closer to abdomen to provide heat to body.
© 2006 Elsevier Ltd. All rights reserved.

Introduction

The human body temperature is regulated by a
number of mechanisms maintaining balance be-
tween heat production and its loss. The visceral or-
gans, liver and intestines play a major role in heat
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generation. This leads to increase in intraabdomi-
nal temperature. Testes are protected from this
hyperthermic environment for continuous sperm
production, as follows. During the second half of
seventh month of fetal life, testes developed on
the dorsum of the abdominal wall descend through
inguinal canal to house in scrotum. Suspension of
testes outside abdomen is a characteristic feature
of homeothermic animals, though exceptions are
present. The testes in scrotum facilitates the pro-
duction of viable and mature spermatozoa in a
comparatively cool environment [1--5] where tem-
perature is usually 3 °C below body temperature
[6]. Mieusset et al. [7] reported that an increase
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in 1.5-2°C of scrotal temperature inhibited sper-
matogenesis. This was supported by our earlier re-
port. Wearing tight undergarments, scrotum
pooled in hot water while bathing and certain occu-
pations where constant sitting was essential,
caused temporary infertility due to increased scro-
tal temperature [8].

The fertility potentiality of a male depends on
the number and quality of motility of his spermato-
zoa [9]. Spermatogenesis, which takes place in
seminiferous tubules during active sexual life, is
controlled mainly by hormones from anterior pitu-
itary and testes. Spermatogenesis includes both
mitotic and meiotic division ending to release mil-
lions of spermatozoa per day.

Hypothesis

The present hypothesis states that testes generate
large amount of heat, as a bye product of energy
used in the process of spermatogenesis. Protection
from this heat is assured to testes as well as other
organs in abdomen, by keeping testes away in scro-
tum. Temperature of testis is unknown [6]. It keeps
testes away from body when surrounding tempera-
ture is high. During exposure to cold, cremaster
and dartos muscles lift testes up nearer to abdo-
men to maintain body temperature by giving heat.
Skin of scrotum is well organized for the liberation
of heat like wise.

Supporting the hypothesis the following points
are placed.

1. The chemical work enables cells and organisms
to grow, maintain a suitable environment and
store information needed for reproduction and
normal activities [14]. Jacobs [16], MNorbury
and Nurse [17] and Taiz and Zeiger [18] while
reviewing the cell cycle in animals and plants
pointed out the utilization of energy at several
levels. Approximately 40% of utilized chemical
energy in a cell is converted into the form of
heat energy [19,20].Follicle stimulating hor-
mone (FSH) and testosterone, are major hor-
monal factors responsible for the production of
spermatozoa. Hormone receptor complex takes
part at different destined levels during sperm
production. FSH initiates spermatogenesis.
Stimulus on germinal cells leads to a number of
activities like movement of ions across cell
membrane, spreading of impulse followed by
several physical, mechanical and chemical
changes [15], leading to the formation of mil-
lions of spermatozoa in a day. Different authors
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reported this value as 120 miltion [10], 300 mil-
lion [11], and 500 million [12]. Approximately
50% of produced spermatozoa perish in the epi-
didymis [13]. This shows the sperm production
as 2401000 million per day.The above factors
when considered, from the formation of FSH
receptor complex till spermiogenesis where
spermatozoa are released to tubular lumen, a
large amount of chemical energy must have
been used ending in liberation of profuse
amount of heat. This must have been sufficient
to damage testicles themselves and other
organs, had they remained in abdomen. By shift-
ing testes from abdomen to scrotum other
organs in abdomen are protected. Imagine, if
intestine where epithelium is renewed every
2--5 days [21], generating heat was to be shifted
instead of testes?

. Waites and Moule [22] measured the tempera-
ture of different blood vessels and tissues in
ram testes. They observed a decrease in tem-
perature from 39 to 34 °C as blood reached from
internal spermatic to testicular artery. On the
other hand an increase was noted from 33 to
38.6 °C as blood moved from testicular to inter-
nal spermatic vein. This has been explained in
terms of counter current heat exchange mecha-
nism in pampiniform plexus [23]. Such an elabo-
rate study was not reported in man. A conclusion
in man could not be drawn as it happens in ram
or other animals. Such a proposal was accepted
by medical fraternity in case of epididymis [24].

. Function of pampiniform plexus is questionable.
Had it been such an excellent mechanism to pro-
vide a cooler environment for testes, testes
could have been very well detained inside abdo-
men. If pampiniform plexus is efficient enough
to maintain the optimum temperature, why tes-
tes are lifted nearer to abdomen when exposed
to cold? Or kept away in warm surrounding?
Interestingly this system does not exist in some
mammals including elephant [12].

. In man, dangling scrotum helps in body thermo-
regulation. The large amount of heat produced
during spermatogenesis is liberated through
scrotum. A number of supporting mechanisms
like thin skin with high vascularisation, scanty
hair, abundant sweat glands, and absence of
subcutaneous fat in scrotum facilitate easy lib-
eration of heat. Whenever heat is mare in testes
or exposed to warm ambient temperature, the
scrotal skin becomes lose, increasing its surface
area and scrotal muscles relax to bring testes
away from body to exclude damage.On the other
hand exposure to cold permits the scrotum to
form rugose reducing the surface area and a
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minimal release of heat. The heat generated by
testes may be easily conveyed to the body by the
proximity the sac has due to contraction of dar-
tos and cremaster muscle. The efficient mecha-
nism of heat liberation and conservation of
scrotal skin question the authority of pampini-
form plexus.

5. In cold-blooded animals, pisces, amphibia and
reptiles, intraabdominal testes help them to keep
body warm. Among mammals, in rodents, bats
and insectivorous the testes are scrotal during
breeding and inguinal or abdominal at other times
[6,12,25]. This adaptation during breeding time
may be because heat generation from sperm pro-
duction is more and this could be liberated prop-
erly without injuring any visceral organ.

6. In hibernating mammals testes remain intraab-
dominal during the process of hibernation and
intrascrotal otherwise [12]. This may be consid-
ered as supportive mechanism to provide heat
for body, though sperm production is likely to
be minimal during hibernation. Even bit of heat
available is conserved.

7. Testes are intraabdominal in mammals like ele-
phant, whale, and dolphin and inguinal in seal
(6]. In elephant the large intraabdominal volume
and surface area may help in dissipating the heat
generated by testes. Similar may be the mecha-
nism in whale, dolphin and seal along with ani-
mal’s constant contact with water to liberate
heat profusely.

8. Van Denmark and Free [40] reported decreased
sperm output in ram, bull and boar in warm
months and also_after transferring animals to
continents with excessively hot climates. This
explains for reducing of total heat in the body
protection. Likewise the increased sperm pro-
duction in cold season is a measure to provide
heat to the body. Scanty report, on increased
human spermatogenesis during winter may be
noted [20].

9. It has been proved that loss of temperature dif-
ferential is associated with idiopathic infertility
[26]. The absence of spermatogenesis in crypt-
orchidism is attributed to high intraabdominal
temperature [27]. Varicocele, a tortuous dila-
tion of testicular veins resulting in stagnation
of venous blood in the pampiniform plexus is
one of the causes of male infertility [28,29].
Several hypotheses have been put forward to
explain the adverse influence of varicocele on
spermatogenesis. The major ones include hyper-
thermia theory [30,31], altered testicular steroi-
dogenesis [32] and mechanical compression
[30,31]. But none of these have been proved
beyond reasonable doubt [30]. The experimen-

tal and clinical evidence showed the pathologi-
cal changes that occur in the affected testes
are seen in the contralateral testes [33-35].
Nagler and Zippe [36] explained that the internal
communication of the left right pampiniform
plexus contribute to this phenomenon.However
varicocele remains a controversial subject. All
infertility cases are not due to varicocele and
all varicocele patients do not show infertility,
Moreover there is no direct correlation between
degree of subfertility and grade of varicocele.
The pathological degenerative changes of the
uninvolved testes are in need of better explana-
tions [37,38]. We propose that it is the increased
heat due to defective counter current and heat
generated by the testes that causes degenera-
tive changes in ipsilateral as well as contralat-
eral testis leading to subfertility. Zorgniotti
and colleagues [42] measured the temperature
of scrotal skin overlying the most prominent
anterior portion of the testis of varicocele
patients and compared to that of tympanic
membrane. Results were compared to that of
normal subjects. They observed difference in
both temperatures. The significant increase in
the temperature of tympanic membrane of
patients seen may be due to increased core body
temperature contributed by testes where the
cooling mechanism turned defective.In summary
all arguments above are in support of the
hypothesis.

Evaluation of hypothesis

We propose to measure scrotal skin temperature by
employing infrared thermometry as suggested by
Zorgniotti and Mac Leod [35] and Zorgniotti et al.
[42] or by thermocouple. The tests are to be con-
ducted in air-conditioned room with out usage of
fan. Subjects or patients are kept in supine posi-
tion. Bare below waist in standing position the tem-
perature lowers down by 0.6 °C [35].

Waist, groin, scrotum and armpit on both sides
are cleaned with distilled water having room tem-
perature and dried. After 5 min, the temperature
is measured in groin of both sides by holding the skin
into folds at different levels, The chosen places on
scrotum are upper and lower poles and mid level of
both testes as well as anterior and posterior median
raphe (of scrotum). The values from scrotum are
compared to that of at the level of groin and axilla.
Study cenducted by a group of workers on scrotal
temperature in other perspective did not find much
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difference, though significant difference was seen
among infertile patients [42].

We are of the opinion that the release of heat by
scrotal skin is a quick process. One may not be able
to get correct temperature by measuring it from
skin. We further propose to measure the tempera-
ture in immediate surrounding of scrotum by a very
sensitive instrument, thermister (thermal resistor)
with an accuracy of £0.001 °C.

Considering the above,

1. In a group of normal healthy adults (18—40 yr)
showing normal semenogram scrotal skin as well
as its surrounding temperature is studied.

2. In a group of prepubertal boys (812 yr) similar
study is conducted and the values are compared
with that of normal adults. As per the present
hypothesis, scrotal temperature will be lower
before the commencement of sperm
production.

3. A group of normozoospermic (average count of
three samples) subjects (18—40 yr) are divided
into subgroups as per their sperm count (20—
40; >40 up to 60; >60 up to 80; >80 up to
—100; >100 up to 120; and >120 million per mil-
liliter) and their scrotal skin and its surrounding
temperature are compared among subgroups.
According to the present hypothesis, there
should be an increase in temperature as sperm
production (in terms of its count) increases.

4. Similar study is conducted in a group of patients
where testicular biopsy shows no initiation of
sperm production. According to the present
hypothesis, temperature in these patients will
be lower than the normal group.

5. In a group of healthy volunteers scrotal skin and
its surrounding area temperatures are to be
recorded in all seasons. These should be corre-
lated with sperm counts in respective seasons.
According to the hypothesis the sperm count
and the temperature in scrotal skin and sur-
rounding area will be more during winter to give
enough temperature to the body.

In experimental animals, the following are to be
conducted.

1. The report shows that sperm production is more
during winter than summer in some animals like
ram, bull and boar [40]. Study the temperature
(scrotal and surrounding area) during different
seasons, in these animals and correlate with
sperm count.

2. During hibernation, activities are minimal for
conservation of energy. Testicles are withdrawn
to abdomen during hibernation. This may be to

utilize the heat available from limited sperm
production. If it remained in scrotum it could
be dissipated easily. In a group of hibernating
animals the scrotal skin and its surrounding tem-
peratures are measured before, during and after
the hibernation period. The results of three
periods are compared.

3. In animals where intraabdominal testes are pres-
ent, the testicular and abdominal temperature
is measured (a) before and (b) after transplant-
ing testis outside the abdominal cavity.The dif-
ference in intraabdominal as well as core body
temperature can easily be explained in terms
of the hypothesis.

Conclusion

As a conclusion the hypothesis states that a large
amount of heat is liberated during sperm produc-
tion. The heat is liberated well by scrotal skin. This
is a part of body thermo regulation. Whenever body
is exposed to cold environment testicles are
brought close to the body for giving heat. Like wise
scrotal muscles are relaxed permitting release of
large amount of heat from the body, during expo-
sure to warm climate. Scrotal skin is organized
for the same.

References

[1]1 Copper ER. The histology of the retained testes in the
human subject at different ages and its comparison with
the testes. J Anat 1929;64:5-27.

[2) Bronca FG. Sur le testicule an
1902;38:329-37.

[3] Moore CR, Quick MJ. Scrotum as a temperature regulator
for the testis. Am J Physiol 1924;68:70-2.

[4] Pace JM, Cabot M. A histological survey in 24 cases of
retained testes in the adult. Surg Gynecol Obstet
1936;63:6—18.

[5] Wangemsteen OH. The undescended testes. Ann Surg
1935;102:875-82.

[6] Late Williams PL, Bannister LH, Berry MM, Collins D, Dyson
M, Dussek JE, Ferguson MW, et al., editors. Gray’'s anat-
omy. London: ELBS-Churchil Living Stone; 1995.

[7] Meiusset R, Fouda PJ, Vaysse P. Increase in testicular
temperature in case of cryptorchidism in boys. Fertil Steril
1933;59:1319-23.

[8] Skandhan KP. Pseudo male infertility: traditionary, cus-
tomary and occupational hazards. Urologia 1999;66:202—4.

[9] Skandhan KP, Mazumdar BN. Le zinc dans le plasma
serninal. Rev Fr Obstet Gynecol 1985;80:891-8.

[10] Guyton AC, Hall JE. Text bock of medical physiclogy. 10th
ed. Philadelphia: W.B. Saunders Company; 2000,

[11] Tortora GJ, Grabowski Sr. Principles of anatomy and
physiology. Hoboken: John Wiley and Sons Inc.; 2003.

[12] Mann T, Mann CL. Male reproductive function and semen
Berlin: Springer Verlag; 1981.

ectopic. J  Anat



The process of spermatogenesis liberates significant heat and the scrotum  ° 307

[13] Hafez ESE, Prasad MRN. Functional aspects of epididymis.
In: Hafez ESE, editor. Human semen and fertility regulation
in men. Saint Louis: The CV Mosby Company; 1976,

[14] Silverthorn DU. Human physiology: an integrated approach.
Mew Jersey: Prentice Hall; 1993.

[15] Bullock J, Boyle J, Wang MB. NMS physiology. 3rd ed. New
Delhi: Bl Waverly Pvt. Ltd.; 1995.

[16] Jacobs TW. Cell cycle control. Annu Rev Plant Physiol Plant
Mol Biol 1995;46:317-39.

[17] Norbury C, Nurse P. Amimal cell cycles and their control.
Annu Rev Biochem 1992;61:441—70.

[18] Taiz L, Zeiger E. Plant and cell architecture. In: Taiz L,
Zeiger E, editors. Plant physiology. Massachussets: Sinauer
Associates Inc. Publishers; 2002.

[19] Mayer PA. Bioenergetics and the metabolism of carbohy-
drates and lipids. Bioenergetics, the role of ATP. In: Murray
RK, Granner DK, Mayer PA, Rodwell YW, editors. Harper’s
biochemistry. Connecticut: Appleton and Lange; 1996,

[20] Ganong WF. Review of medical physiology. 21st ed.
Philadelphia: Lang Publications; 2003.

[21] Cormack DH. Ham’s histology. Philadelphia: JB Lippincott
Company; 1987.

[22] Waites GMH, Moule GR. Relation of vascular heat exchange
to temperature regulation in the testes of the ram. J
Reprod Fertil 1961;2:214-24.

[23] Patrick CW, editor. Campbell’s urology. Philadelphia: W.B.
Saunders Company; 1998.

[24] Skandhan KP. Hypothesis: epididymis inhibits sperm motil-
ity inside male reproductive tract. Med Hypotheses
2004;62:146—50.

[25] Gustafson AW, Shemesh M. Changes in plasma testosterone
levels during the annual reproductive cycle of the hiber-

nating rat, myotis lucifugus lucifugus with a survey of ~

plasma testosterone levels in adult male vertebrates. Biol
Repord 1976;15:9-15.

[26] Mieusset R, Bujan L, Mondinat C. Association of scrotal
hypothermia with impaired spermatogenesis in infertile
men. Fertil Steril 1987;48:1006—11.

[27] Marshal FF, Elder JS. Cryptorchidism and related anoma-
lies. New York: Praeger publishers; 1982.

[28] Dubin L, Amelar RD. Etiologic factors in 1294 consecutive
cases of male infertility. Fertil Steril 1971;22:469.

[29] Greenberg SH, Lipshultz LI, Wein AJ. Experience with 425
subfertile male patients. J Urol 1978;119:507.

[30] van Damjanov. Pathology of infertility. St. Louis: Mosby;
1993.

[31] Zorgniotti AW, Sealfon Al, Attila T. Chronic scrotal hypo-
thermia as a treatment for poor semen quality. Lancet
1980:904-7.

[32] Kass EJ, Freitas JE, Bour JB. Adolescent varicocele:
objective indications for treatment. J Urol 1989;142:579.

[33] Fussel EN, Lawis RW, Roberts JH, Harrison RM. Early ultra
structural findings in experimentally produced varicocele in
the monkey testes. J Androl 1981;2:111-6.

[34] Saypol DC, Turner TT, Howards 55, Miller ED. Influence of
surgically induced varicocele on testicular blood flow;
temperature and histology in adult rats and dogs. J Clin
Invest 1981:68:39—43.

[35] Zorgniotti AW, Mac Leod J. Studies in temperature, human
semen guality and varicocele. Fertil Steril 1973;24:845-60.

[36] Magler HM, Zippe CD. Varicocele: current concepts and
treatment. In: Lipschultz Li, Howard 5§, editors. Infertility
in the male. Saint Louis: Mosby Year Book; 1991.

[37] Editorial. Pathogenesis and treatment of varicoceles. Con-
troversy still surrounds surgical treatment. Br Med J
2004;328:967—68.

[38] Cayan S, Kadiogly A, Orhan |, Kandirali E, Tefekli A,
Tellaloglu 5, et al. The effect of microsurgical varicoce-
lectomy on serum follicle stimulating hormone, testoster-
one and free testosterone levels in infertile men with
varicocele. Br J Urol Int 1999;84:1046-9.

[40] Van Denmark NL. Free factors affecting testicular metab-
olism and function. J Reprod Fertil 1963;6:1-8.

[42] Zorgniotti AW, Toth A, Macleod J. Infrared thermometry for
testicular temperature determinations. Fertil Steril
1979;32:347-8.

Available online at www.sciencedirect.com

"~ ScienceDirect



