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Abstract

The motility of live spermatozoa indicating
energy requirement and thus presence of intrin-
sic metabolic pathways in the cell has led
researchers to speculate relationship of sperm
metabolism with semen quality parameters.
Over the period, many assays, some quantita-
tive and some qualitative, to estimate metabolic
aspects of sperm life have been developed.
Investigators have reported significant relation-
ship of metabolic assays with that of sperm
concentrations and motility. Moreover, a sig-
nificant relationship of resazurin reduction
assay with that of oxidative stress of spermato-
zoa has also been reported recently. This
chapter outlines principle and procedures
involved in various assays employed for esti-
mating metabolic rates of bovine spermatozoa.
Modification of resazurin assay to objectively
measure colour changes using spectrophotom-
eter and, in fructose estimation, protocols to
evaluate metabolic rates in sperm suspension
and frozen-thawed samples have been included.
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10.1 Introduction

Although the specific biochemical pathways of
spermatozoa metabolism is too involved and
detailed to discuss at length in this chapter, we
have attempted to cover basic understanding of
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spermatozoa metabolism, its importance in
modulated semen and substrates for energy pro-
duction in relation with various protocols to
determine metabolic activity of spermatozoa.
This chapter sets forth the broad outlines of major
concepts of spermatozoa metabolic pathways.
The motile characteristic of unicellular spermato-
zoon is a direct indication of metabolic processes
within. Spermatozoa contain numerous mito-
chondria located strategically in the midpiece
where they can efficiently power the flagellum.
The sperm axoneme engine requires a continuous
supply of adenosine triphosphate (ATP) to main-
tain motility first in the distal part of the male
(MRT) and subsequently in the female reproduc-
tive tract. The axial filament derives the direct
energy for sperm cell motility from the break-
down of ATP contained in the helical strands that
band the fibrils. Apparently, ATP stored within
the cells provides energy for motility, to maintain
active transport process of membrane and for fer-
tilization process itself. The production of energy
by sperm cells is regulated by cAMP (cyclic ade-
nosine monophosphate) which therefore has a
direct control on sperm activity. The nucleotide,
ATP, is composed of the base, adenosine, a five-
carbon ribose ring and three phosphate bonds, the
last two of which are energy rich (p ~ p) and can
be built into the compound only by addition of
large quantities of energy. In the presence of the
specific enzyme, the first energy-rich phosphate
bond is broken, liberating energy, leaving ADP
(adenosine  diphosphate) and  inorganic
phosphate:

ATP / ADP phovhaase ADP / AMP + HPO; +energy

The second energy-rich bond can then be bro-
ken from ADP, liberating energy for fibril con-
traction, leaving AMP. The released energy can
then be used for motility or biosynthesis (mem-
brane transport) or may simply escape as heat.
Obviously, when supply of p ~ p in ATP and ADP
is exhausted, the contraction of the sperm fibrils
stops, and consequently motility ceases. This is
precisely for this reason that exogenous source of
energy in the form of various substrates is
required in the extender to rebuild the ADP and

ATP. In the presence of oxygen, the rebuilding of
ADP and ATP may occur by respiration and gly-
colysis whereas in its absence by glycolysis only.
Fortunately, the reactions are reversible making
semen processing much easier.

Despite absence of many of the organelles
associated with normal metabolic process, sperm
cell contains all necessary enzymes required for
biochemical reactions, viz. glycolysis, (Embden-
Meyerhof pathway), fatty acid oxidation, elec-
tron transport, the tricarboxylic acid cycle (TCA)
and possibly hexose monophosphate shunt.
Mostly, mammalian sperm can produce energy
by anaerobic glycolysis, by oxidation of the met-
abolic products of glycolysis or by oxidation of
endogenous substrates [1, 2]. During most of the
extra-gonadal life of sperm cells, spermatozoa
break down fructose (a principal sugar present in
bovine and ram seminal plasma), glucose or
mannose under anaerobic conditions to lactic
acids (fructolysis). This important attribute helps
spermatozoon to survive under modulated con-
ditions of sperm storage. However, sperm pro-
duce energy more efficiently under aerobic
conditions by oxidation pathway carried out in
the mitochondria. By this means, spermatozoa
utilizes a variety of substrates (lactate or pyru-
vate resulting from breakdown of fructose) to
produce energy (most converted into ATP), car-
bon dioxide and water. Though spermatozoa
depend on seminal plasma for their requirement
of substrates for energy production, in the
absence of exogenous source of such substrates,
spermatozoa use their intracellular depot of plas-
malogen to provide energy on a short-term basis.
Anaerobic metabolism (fructolysis) is essential
in animals with internal fertilization under con-
ditions of O, scarcity (presumably in highly con-
centrated semen). However, by the time sperm
dilution, dispersal and ascent in the female
reproductive tract begin, availability of even
scarce O, (sperm can maintain respiration at
very low level, 1% of O,) is utilized by the cells
to oxidize the lactic acids (exogenous respira-
tion) and their own intracellular lipid reserve
(endogenous respiration) [3].

On a more practical way, provision of energy
is relatively less important where sperm are to be
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frozen, for they will remain active only for a few
hours at most before ultra-low temperature
suspends all metabolic activity. However, if
semen is to be used chilled, when sperm metabo-
lism is to be sustained for several days, provision
of exogenous source of energy is important. For
this reason, most diluents make some provision
of energy substrates for sperm. In general, simple
sugars such as glucose, fructose, mannose and
arabinose are suitable substrates, although the
rate at which these sugars are metabolized varies
substantially between species [4]. Lactose, which
is present in the milk-based extenders, is not
metabolized to any appreciable extent, whereas
egg yolk, a component of many diluents, pro-
vides many substrates for sperm metabolism [5].
With above information in hand, we can surmise
that a semen sample containing a greater number
of live and actively motile spermatozoa will have
comparatively higher metabolic activity.

To study metabolic activity of spermatozoa,
three basic types of cell suspensions have been
used: fresh semen (with seminal plasma), washed
spermatozoa (without seminal plasma) and epi-
didymal spermatozoa (no exposure to seminal
plasma). While using the washed sperm cells, the
investigator may keep in mind that dry weight of
100 million sperm cells is equal to about 2.5 mg
[5], and hence calculations are to be adjusted
accordingly while measuring oxygen uptake of
spermatozoa. In addition, while using washed
sperm cells, it must be understood that seminal
plasma contains many substances, some stimula-
tors and some inhibitors of metabolism of sper-
matozoa. Any interpretation of the result thus
obtained must undoubtedly provide for direct or
indirect influence of such factors. Nevertheless,
investigator must consider a number of factors
known to be more or less important in the control
of metabolic rate. These are temperature, pH,
concentration, inorganic phosphate, -cations,
anions, osmotic pressure, hormones, antibacterial
agents (e.g. sulphanilamide is a depressant of
metabolic rate) and several other factors [6, 7].
Moreover, there is an inverse relationship
between the concentration of spermatozoa in
semen and the resulting rate of metabolic activity

per sperm cell. With above considerations in
mind, an investigator may choose any of the sev-
eral assays currently used in semen biology
measuring metabolic activity of spermatozoa. To
facilitate selection of an appropriate assay best
suiting to his investigation, this chapter lays out
procedures, principles, materials required as well
as comparative merits of assays employed. These
assays are:

e By change in pH

e Methylene blue reduction test
e Resazurin reduction test

* Fructose content of semen

e Colorimetric assays

* Enzymatic assay

e Chromatographic assay

* Oxygen utilization test

* By pyruvate reduction

10.2 Comparing Assays
Estimating Metabolic
Activity of Spermatozoa

The values obtained by various reduction assays,
fructose estimation and other assays are not
absolute and are affected by other substances
such as citrate, lactate and glucose, and condi-
tions such as cell concentration, agglutination,
viability and motility can affect the reduction
rate [8-10]. Similarly, a linear temperature
increase caused a similar response in the sperm
reduction rate of methylene blue to leuco-meth-
ylene blue [8]. Therefore, all assays employed
to assess metabolic rate of spermatozoa have
their own intrinsic advantages, at the same time
lacking in controlling the experimental condi-
tions in other aspects. Therefore, despite luxury
of having several assays and parameters to
determine the metabolic rate of the spermatozoa,
an investigator is advised to bear all factors in
totality before arriving at a conclusion. Though
spermatogenesis and fructose production are
two independent events, it is not surprising to
find that in spontaneous or experimentally
induced oligospermia or aspermia [11], fructose
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levels are often above the normal average. Since
the level of fructose in seminal plasma bears no
relationship to sperm concentration, the ‘fruc-
tolysis index’ (FI) often fails to accurately
express the metabolic activity of sperm. For
example, oligospermic bulls often deliver ejacu-
lates high in initial fructose, which is out of pro-
portion to the low sperm count. Thus, very high
FI of this bull will overevaluate the metabolic
potency of the sperm population. In contrast, in
samples with high sperm concentration with
low initial fructose levels, the sugar may be
exhausted within an hour. This sample will yield
a low FI and therefore under-evaluate sperm
metabolism. Moreover, FI poses another prob-
lem. This occurs when quantitative relationship
of sperm to seminal fluid fructose is calculated
on an individual sperm basis. The results show
that the turnover of fructose is progressively

lowered with increase in sperm concentration
[12]. These two examples amply clarify that the
problems arising during application of the FI
might be due to natural variation in concentra-
tion of sperm and initial fructose content, degree
of dilution and type of buffer used, all of which
may affect the metabolic behaviour of sperm.
Still, seminal fructose estimation is a valuable
assay to assess male reproductive system.
Reduction assays using methylene blue and
resazurin have been developed to incorporate
spectrophotometric evaluations making them
quantitative. Similarly, chromatographic and
enzymatic estimation of metabolic rates have
their own merits. Under such circumstances,
researcher will be well placed to evaluate vari-
ous assays before embarking on any one to
determine metabolic rate of spermatozoa in his
experiment (Table 10.1).

Table 10.1 Comparative merit and demerit of sperm metabolic assays

Assay Principle Merit(s) Demerit(s)
Methylene blue Change in pH; H* Simplest, good indicator of sperm | Qualitative, subjective
(MB) reduction ions liberated by motility [13] and mitochondrial Several uncontrollable factors
sperm cells and function [14] affect reduction rate [13]
accepted by MB; Simple and easy to carry out Shows unexplained variation in
resultant colour — - reduction time [9]
change indicates Slgmﬁcantly correlated with U
metabolic activity several seminal parameters
Spectrophotometric assay yields
quantitative results [14]
Resazurin Metabolically active A reliable assay to assess number Qualitative, subjective
reduction spermatozoa reduce of motile sperm and viability Slightest contamination affects

resazurin indicated by
colour change

potential [15]

result [18]

May be employed to reveal
oxidative stress of sperm cells [16]

Spectrophotometric assay only
yields quantitative results [17]

Influenced by the oxidative
stress and prostatic
function [16]

Fructose content

Important constituent
of semen, variation
shows change in
semen quality

Quantitative

Useful in clinically evaluating male
reproductive system [19]

Provides information on several
parameters

Useful for research and clinical
purposes

Correlation with clinical
condition required (see above)

(continued)
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Table 10.1 (continued)

Assay

Principle

Merit(s)

Demerit(s)

Colorimetric

Using ammonium

Highly sensitive

Ascorbic acid and proteins

reactions of molybdate Accurate interfere with the results [20]
fructose Simple [20]
Using resorcinol Simple Instability of fructose,
time-consuming, requires
advance planning [19]
Specific Variation in pH of
deproteinizing solution affects
results [21]
Cost-effective Ketoses and various
Does not require any special phosphorylated fructoses are
instrument [19] not measured [22]
Using indole Easy to carry out Harmful if chemicals used are
handled carelessly [23]
Enzymatic Oxidation of NADH Rapid, simple, specific and -
in presence of enzyme | quantitative [22]
is proportional to Useful for both research and
seminal fructose clinical use
content High concentration of seminal
fructose can be measured without
diluting sample [22]
Chromatography | Based on relative Paper chromatography is useful Paper chromatography is
movement of solvent | only in abnormally high seminal semi-quantitative [24]
and solute fructose content [24]
Gas chromatography is Gas chromatography is
quantitative [25] time-consuming and requires
sophisticated equipment [25]
Oxygen Measures aerobic Recent assays to evaluate O, Cumbersome, requires costly
utilization respiration of utilization are accurate [26] equipment, variable results
spermatozoa
Pyruvate Complete oxidation of | Can differentiate between good Cumbersome; time-consuming;
reduction pyruvate by and moderate fertility bull, can be | alternate assays are available;

2,4-dinitrophenol
(DNP)

used to check semen of bulls
donating fluctuating-quality
ejaculate [27]

not useful in differentiating
low-fertility bulls due to
pathological or genetic
causes [27]

10.3 Protocols

10.3.1 Estimation of Metabolic
Activity by Measuring Change
in pH

The products of the metabolic activity of sperma-
tozoa are lactic acid and pyruvate. Therefore, for
quantitative analysis, it is wise and easy to use
seminal pH as an indicator of metabolic activity
of spermatozoa of a given sample. With progres-
sion of standing time, more and more of lactic

acid is produced by sperm metabolism. This
effectively brings down the pH, which is then
measured to compare metabolic activity of sper-
matozoa in a given sample.

It is also well known that most enzyme sys-
tems require a particular pH range for optimum
response. Thus, with decreasing pH of the sam-
ple, metabolic activity of the sperm cells also
decreases. It has been shown that pH exerts pri-
mary influence on the fructolysis rate of sperma-
tozoa [5]. Inhibition of metabolic activity (as
reflected in reduced motility) by acidic pH and
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stimulation of metabolic activity (as reflected by
increased motility) by alkaline pH of the medium
have long been recognized.

10.3.2 Methylene Blue Reduction
Test (MBRT)

Principle

This test is based on the principle that live sper-
matozoon, by the action of intracellular enzyme
(dehydrogenase) on the substrate provided in the
test media, liberates hydrogen ions. The methy-
lene blue (MB), a hydrogen acceptor, receives the
liberated hydrogen ions. When MB is reduced by
addition of two hydrogen ions, it loses its deep
blue colour and turns into leuco-methylene, a
white substance. The reaction must take place in
the absence of air for the oxygen in the air rapidly
oxidizes leuco-methylene to MB.

Because of metabolic activity of spermatozoa,
hydrogen ions are liberated continuously. Greater
the release of hydrogen ions per unit time lesser
will be the time taken by MB to change its colour.
Thus, a semen sample that has greater concentra-
tion of active spermatozoa will reduce MB in less
time. A strong negative correlation has been
established between MBRT and fertilizing ability
of spermatozoa [13]. Reduction timing of MB
can also be utilized to evaluate mitochondrial
function of spermatozoa [14].

Materials

Fresh semen, egg yolk-Tris-glycerol (EYTG)
extender, methylene blue dye
(3,7-bis(dimethylamino)phenazathionium chlo-

ride), 2.9% sodium citrate dihydrate, DW, mineral
oil (liquid paraffin), water bath with thermometer

Methylene Blue Solution
5 mg methylene blue.

Dilute to 10 mL using 2.9% sodium citrate
dihydrate.

Procedure

(a) Dilute 0.2 mL of neat semen with 0.8 mL of
EYTG extender in a 10 mL tube.

Table 10.2 Grading of a semen sample based on MBRT
value

Species/grading | Time taken for colour change
Cattle 3-5 min 6—8 min >9 min
Buffalo 6-8 min 9 min 9 min
Grading Good Average Poor

(b) To this, add 0.1 mL of MB solution, and mix
well.

(c) Seal the test tube using paraffin oil of 1 cm
thickness.

(d) Incubate this test tube in a covered water bath
at 46.5 °C.

(e) Note the time required to reduce the colour
of MB to white.

Observations
Note that change in colour of MB is less evident
at the top that has less perfect anaerobic condi-
tion (Table 10.2).

Discard the semen sample, which retains the
colour for 9 min or more (Fig. 10.1).

Points to Ponder

(a) Many factors affect MBRT and therefore the
steps of operation should be uniform.

(b) False results may be due to contamination by
bacteria, epithelial cells or leucocytes.

(c) MB may be used for undiluted semen but
result needs adjustments.

(d) Always use sterilized glassware and solu-
tions as presence of microorganism might
influence the result.

(e) Presence of sugars and lipids in extender
affects MBRT values.

(f) Contact of the test solution with atmospheric
O, will interfere with the result.

(g) Light hastens reduction and therefore the
tests should be kept covered.

10.3.3 Resazurin Reduction Test

(RRT): Qualitative
Principle
Resazurin  (7-hydroxy-3H-phenoxazin-3-one-

10-oxide) is a metabolic dye used in assessing
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Control

Fig.10.1 Microphotograph
showing sequential colour
changes in semen sample
subjected to methylene blue
reduction assay. In the image
above, ‘Control’ contains no
semen sample, whereas others
show reduction of methylene
blue by spermatozoa after 1, 4,
7 and 11 min time intervals

fertility potential of bull semen [28, 18].
Resazurin reduction test (RRT) depends upon the
ability of metabolically active spermatozoa to
reduce the resazurin dye to hydroresorufin. The
reaction is manifested by a series of gradual
colour changes from blue (resazurin) to purple
(resorufin, irreversible) followed by pink and
finally white/colourless (dihydroresorufin). This
test provides important information not only
about concentration of metabolically active (live)
spermatozoa but also about enzymatic function
of prostate gland.

Materials

Resazurin dye, 3% sodium citrate dihydrate,
DW, mineral oil (paraffin), water bath with
thermometer

Resazurin Dye Solution
5.5 g resazurin dye.
Dilute to 100 mL DW.

Procedure

(a) Take 1 mL of neat semen in a 10 mL tube.

(b) To this, add 0.1 mL of resazurin dye solution,
and mix well.

(c) Seal the test tube using paraffin oil of 1 cm
thickness.

(d) Incubate this test tube in a water bath at 45 °C.

(e) Note the time required to reduce the colour
of resazurin dye to pink and then white.

1 Min 4 Min 7 Min 11 Min

——> Dihydroresurufin

Colour chart

—> Resurufin

> Resazurin

Fig. 10.2 Microphotograph shows colour chart for resa-
zurin reduction assay. Microphotograph shown can be
used in reading the results of the RR assay. Resazurin
reduction assay depends upon the ability of metabolically
active spermatozoa to reduce the resazurin dye to hydro-
resorufin. The reaction is manifested by a series of gradual
colour changes from blue (resazurin) to purple (resorufin,
irreversible) followed by pink and finally white/colourless
(dihydroresorufin)

Observation

(a) Note that change in colour of resazurin dye is
less evident at the top where the anaerobic
condition is less perfect (Fig. 10.2).

(b) In samples with higher concentration of live
spermatozoa, the pink colour develops within
1 min, while it takes 3—4 min to develop the
white colour.
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(c) The shorter is the reduction time, the higher
are the concentration and motility and the
better are the semen samples.

Points to Ponder

(a) False results may be due to contamination by
bacteria, epithelial cells or leucocytes.

(b) Always wuse sterilized glassware
solutions.

(c) Colour change is also influenced by presence
of sugars and lipids in extender.

(d) The resazurin test may be a valuable
time-saving tool if properly conducted and
intelligently interpreted, but should be sup-
plemented by microscopic examination.

and

10.3.4 Resazurin Reduction Test:
Quantitative

Although determination of resazurin reduction in
the semen provides useful means of assessing
semen quality and is simple and easy to perform,
this assay being subjective has possibilities of
human error in interpretation of results.
Therefore, an objective assay modified for bovine
semen involving similar principle of extent of
resazurin reduction but measured using spectro-
photometer [17] is described here.

Materials
Resazurin dye (sodium salt), normal saline solu-
tion (NSS), spectrophotometer

Resazurin Solution
50 mg resazurin.
Dilute to 100 mL NSS.

Procedure

(a) Take 1 mL of paired test semen in two glass
test tubes.

(b) To the above, add 50 pL of resazurin
solution.

(c) The tube is placed in a switched-off water
bath at 48 °C in an upright manner.

(d) Monitor the temperature of water bath using
thermometer for 1 h.

(e) After 1 h, the temperature of water bath is
reduced to 34 °C.

(f) The developed colour in the test tube is
matched with chart of 11 colours ranging
from pink (grade 11, strongest reduction of
resazurin) to dark purple (grade 1, weakest
reduction). This is visual observation.

(g) In the second step, the extent of resazurin
reduction to resorufin is further subjected to
spectrophotometric analysis.

(h) After incubation of the sample as above
(a—g), centrifuge the sample at 3000 g for
10 min.

(i) Pipette the supernatant on another test tube
and dilute with NSS at 1:5 ratio.

(j) The wavelengths for measuring the optical
density (OD) for resazurin (blue) and resoru-
fin (pink) are 600 nm and 572 nm.

(k) Read the OD of the sample at these two
wavelengths simultaneously.

(1) Use the ratio thus obtained as a probe to dis-
tinguish grades of test semen.

Observations

It is better to prepare a chart depicting relation-
ship of various grades (good or poor) of quality
semen with OD ratio. Compare test sample
results with prepared chart.

Interpretations

(a) True positive could be calculated as percent-
age of samples with 10 x 10° sperm, motility
>70% (resazurin grades 5-11) and absor-
bance ratio of >2.25 that produced positive
colour in the RRT.

(b) The sensitivity (Se) of the test is defined as
its ability to detect the reduction of resazurin
from blue to pink and hence calculated as

TP + TN

where TP are true positives and TN are true
negatives.



10 Estimating Metabolic Activity

131

(c) Similarly, specificity (Sp) is defined as the
capacity of the test to avoid false positive and
hence calculated as

e=— 4100
TP+ TN

Points to Ponder
Always use sterilized glassware for the test.

10.3.5 Fructose Content of Semen
The principle sugar present in the semen is fruc-

tose, secreted mainly by seminal vesicle (bull and
ram). Testosterone is the hormone controlling

production of fructose from glucose, sorbitol
being intermediate compound. One of the most
important markers for the seminal vesicular func-
tion is the concentration of fructose in seminal
plasma. A normally functioning seminal vesicle
is essential for maintain appreciable level of fer-
tility. It has been shown that with decreasing
function of seminal vesicle, semen coagulation,
sperm motility, stability of sperm chromatin and
semen immune protection are affected [29].

It is an important and preferential nutrient for
the sperm cells; therefore, fructolysis has direct
correlation with the metabolic activity of sperma-
tozoa. Production of energy, fructolysis, is the
main metabolic activity performed anaerobically
by the bull and ram spermatozoa under anaerobic
conditions to produce metabolic energy:

Fructose auerobic Lactic acid +energy (2ATP )wrtic CO, + H,0 + energy (38 ATP)

There are several assays by which fructose
utilization of spermatozoa is evaluated. For
example, rate of lactic acid accumulation (change
in the pH over period) gives qualitative indication
about fructolysis. Several other protocols mea-
sure actual utilization of fructose (rate of fructose
disappearance) by a given number of spermato-
zoa over a fixed period (before and after). The
rate of fructolysis of bull sperm is about 2 mg
fructose per h for 10° sperm, equivalent to
1.8 x 10° molecules of fructose per second per
sperm [30] (Table 10.3).

The parameters by which fructose content of a
semen sample is used to estimate the metabolic
activity of spermatozoa are:

Parameters

e Fructose concentration

* Fructose disappearance (FD) rate
e Fructolysis index (FI)

The assays that are employed to determine
fructose content are:

Assays

(a) Colorimetric protocols
Based on ammonium molybdate reaction
Based on resorcinol reaction
Base on indole reaction

(b) Enzymatic assay for determining seminal
fructose

Table 10.3 Fructose content, fructose index and pH of cattle and buffalo bulls

pH Fructose content (mg/100 mL) Fructose index
Parameters Range Average Range Average Average
Cattle 6.2-7.5 6.6 150-900 530 1.99 +0.15
Buffalo 6.6-7.0 6.8 300-900 450 1.44 +0.11

Bhosrekar [31]
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Table 10.4 Relationship of seminal fructose content with clinical findings

Fructose parameters

Relationships/clinical findings

References

Fructolysis

+ve relationship with fertility

Gassner and Hill [32]

sperm

+ve relationship with concentration of live

Abdou et al. [33]

Fructolysis low

Lowest during summer than spring season

Abdou et al. [33]

Low fructose content Androgen deficiency

Mann [30]
Moon and Bunge [34]

Fructose content nil
developmental defect

Congenital vas deferens-seminal vesicle

(Kise et al. [35], Kumar et al. [36]

Fructose content nil/very low

Obstructive azoospermia

Manivannan et al. [37]

Fructose content low

Inflammation of male accessory glands

Manivannan et al. [37], Carpino
et al. [38]

Fructose content high

Nonobstructive azoospermia

Buckett and Lewis-Jones [39]

Fructose content low

In buffalo than cattle bull

Abdou et al. [33]

Fructose in urine

Retrograde ejaculation

(c) Chromatographic assay
By thin-layer (paper) chromatography
By gas chromatography

For fructose estimation, various protocols
employing principles of spectrophotometry
remain the assay of choice.

Interpretation

In addition to providing information about meta-
bolic activity of spermatozoa in a given semen
sample, estimation of fructose content relays a lot
of other useful clinical information about the ani-
mal from which the sample was taken. Though
these references are from human andrology, they
hold good for assessing reproductive health of
bull and ram as well (Table 10.4).

10.3.5.1 Colorimetric Methods
Preparation of Standard Fructose Solution*
In all of the assays employing colorimetric deter-
mination of fructose concentration, ‘standard
fructose solution’ (SFS) is required. This can be
prepared either in distilled water or in saturated
benzoic acid, depending on the assay employed.
When SFES is prepared in DW, it should be pre-
pared at least 2 weeks beforehand and stored at
4 °C for future assays. Storing helps the solution
to stabilize and ensure accurate results. However,
when preparing SFS in saturated benzoic acid,
storage period is not mandatory.

Investigation on stability of SFS [19] showed
that there was a large variance of OD values
within the first 2 weeks and that OD values
remained relatively stable within the subsequent
2 weeks, falling quickly from 0.30 to 0.19 within
the last 10 days. Fructose, a six-carbon polyhy-
droxyketone (C¢H,Oy), has dissymmetry carbon
atoms with optical activity, which is mutarotation
in water [40]. However, about 2 weeks later, five
possible isomers, including types o (levo- and
dextrorotation), f (levo- and dextrorotation) and
straight chain, achieved a balance, in accordance
with specific rotation achieving a balance with
relative stability. This was the reason that OD
values of standard fructose solution were
relatively stable, with a slight variance 2 weeks
after preparation. Further, about 4 weeks later,
with the weak nucleophilic reagent of water,
ketose was transformed into aldose and achieved
a balance within a period. In colorimetric assays
involving resorcinol, as resorcinol and concen-
trated hydrochloric acid react with ketose to form
more reddish compound than with aldose, OD
value would decrease rapidly within the last
10 days.

For these reasons, in order to gain accurate
and reliable seminal fructose concentration, SFS
prepared in water should be stabilized by storing
it for 2 weeks before use. It can then be used for
10 days and subsequently discarded when the
decrease in OD value is evident.
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10.3.5.1.1 Ammonium Molybdate

Reaction
Principle
This is based on the biochemical reaction in
which blue colour develops when ammonium
molybdate is added in the semen sample contain-
ing fructose and heated. The intensity of this
colour development depends upon fructose con-
centration in the sample. Barakat and El-Sawaf
first described the assay in 1964 [20]. This proto-
col is very sensitive and can be used to determine
accurate concentrations of fructose as low as
20 pg/dL. Moreover, the experimental error does
not exceed +2%. This method is recommended
for the estimation of seminal fructose for its
accuracy and simplicity. However, presence of
citric or ascorbic acid in the seminal plasma can
react with the reagent, resulting in development
of false blue colour. The neutralization of citric or
ascorbic acid is achieved by adding manganese
dioxide. The presence of seminal proteins also
interferes with the OD values. Hence, at the
beginning of this procedure, trichloroacetic acid
is added to precipitate the proteins.

Materials

Sodium citrate 2.9%, trichloroacetic acid (TCA)
solution 10%, manganese dioxide, ammonium
molybdate reagent, SFS

Ammonium Molybdate Reagent
70 mL ammonium molybdate (8%)
60 mL H,SO, (10%)

70 mL HCI (5%)

Standard Fructose Solution (0.4% Stock)
40 mg fructose.
Dilute to 10 mL DW.

Procedure

(a) Determine sperm cell concentration and
motility in the given semen sample.

(b) Dilute the sample 1:1 with sodium citrate
(2.9%, 0.4 mL each).

(c) Take 0.1 mL from the above mixture in a test
tube (marked 1), and incubate the rest in
water bath at 37 °C under anaerobic condi-
tions (CO, incubator).

(d) Add 3.9 mL TCA (10%) to 0.1 mL of the
semen (marked 1) to precipitate the protein.

(e) Add 0.2 g of manganese dioxide to get rid of
citric acid.

(f) Filter the mixture and take 2 mL of filtrate.

(g) Add 8 mL of the freshly prepared ammo-
nium molybdate reagent.

(h) Keep the tube in the water bath at 85 °C for
10 min and allow to cool.

(i) Estimate the OD of the developed colour
using spectrophotometer (540 nm filter).

(j) Plot the measured OD of sample against the
standard curve and determine the concentra-
tion of fructose.

(k) To obtain total fructose amounts, multiply
the result with the total volume of the semen
sample or seminal plasma.

Preparation of Standard Fructose* Curve

(a) Prepare standard fructose solution at least
2 weeks in advance.

(b) Take a set of nine tubes and mark them serially
1-9 (8 + 1, for SFS and blank, respectively).

(¢) Add 0.25, 0.5, 0.75, 1.0, 1.25, 1.5...2.0 mL
of SFS to tubes marked 1-8.

(d) Using DW, make up the volume to 2 mL.

(e) In the tube marked 9, add 2 mL of DW.

(f) Add 8 mL of ammonium molybdate reagent
to tubes 1-9.

(g) Now tubes 1-8 contain 1, 2, 3,4, 5, 6, 7 and
8 mg of fructose/10 mL of solution, respec-
tively, whereas the ninth tube is blank.

(h) Keep all nine tubes in the water bath at 85 °C
for 10 min and allow to cool.

(i) Using blank, set the spectrophotometer read-
ing to zero at 540 nM.

(j) Now take OD of all eight tubes, and draw a
standard calibration curve.

Fructose Concentration

Estimation of fructose concentration in a given
sample is arrived at by deriving value from stan-
dard fructose curve as given before.

TCA solution is toxic and may cause severe
burns. Always wear protective clothing when
handling this reagent (gloves, lab vest, eye/face
protection).
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Fructose Disappearance (FD) Rate

To determine fructose disappearance, take 0.1 mL
of semen from the sample in the beginning of the
above protocol and store under anaerobic condition
at 37 °C for 1 h. Thereafter, repeat the experiment
as the above. The value thus obtained is expressed
as fructose concentration (mg/dL) after 1 h. In FD
assay, the amount of fructose disappeared is the
quantity consumed by the motile sperm present in
decilitres (dL) of the semen sample:

FD =IFC-FC1h
where
FD = ...mg/number of motile sperm in dL

IFC = initial fructose concentration (mg/dL)
FC 1H = fructose concentration (mg/dL) after 1 h

Fructolysis Index (FI)

It is determined by measuring the disappear-
ance of sugars and accumulation of lactic acid
by a defined number of spermatozoa in a spe-
cific conditions and time. The fructolysis index
determines mg of fructose utilized, or lactic
acid produced, by 10° motile spermatozoa in
1 h, at 37 °C. The rate of fructose disappear-
ance forms a convenient measure of sperm
fructolysis. The normal rate of fructolysis in
bull semen is 1.4-2 mg fructose per 10° sperm
cellsin 1 hat 37 °C. At this high level, it can be
maintained until almost the whole reserve of
fructose has been exhausted. A reduced rate of
fructolysis is found in low-quality semen of
subfertile and infertile animals (e.g. azoosper-
mic bulls). FI is calculated by the following
formula:

FI = Rate of fructose utilized (mg) x10° / No.of motile sperm / dL

where
FI = .../10° motile sperm kept at 37 °C for 1 h

FI is a slow test and is not frequently used in
semen laboratories. Mann [41] for the first time
proposed fructolysis as an index for evaluating
the activity of semen.

Interpretation

The fructose concentration of a sample is
expressed as mg/dL. In this assay, the fructose
concentration is determined in 2 mL filtrate by
multiplying with 4.0. The initial fructose con-
centration in the semen sample provides good
indication about the activity of the vesicular
gland and/or androgenic activity of the testis.
The initial fructose concentration in the bull
semen is about 500-800 mg/dL. The average
FI calculated for ram and bull ejaculate is
1.2:2 mg/10° motile sperm kept at 37 °C for 1 h.
The FI can be calculated at a regular interval of
0, 1, 2 and 3 h also. The results would provide
comprehensive information of fructose metabo-
lism for a given sample [42].

Points to Ponder

(a) The standard fructose* curve may be pre-
pared using further diluted SFS depending
upon the predicted value of fructose in any
given sample.

(b) Always standardize the standing time of semen.
With the longer standing time, consumption of
fructose from the sample will be more.

Resorcinol Reaction: 1
The protocol developed by [21] for fructose esti-
mation in semen sample is as follows:

Principle

This assay is based on the reaction of seminal
fructose with resorcinol in concentrated HCI
solution to form a red compound under heating.
The method is the assay of choice for its simplic-
ity, high specificity and cost-effectiveness [19].

Materials

0.15 M barium hydroxide solution, 0.175 M zinc
sulphate solution, 8.74 mM resorcinol solution,
10 M hydrochloric acid.
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Barium Hydroxide Solution (0.15 M)
257 mg barium hydroxide (Ba(OH),).
Dilute to 10 mL DW.

Zinc Sulphate Solution (0.175 M)
283 mg zinc sulphate (ZnSO4).
Dilute to 10 mL DW.

Resorcinol Solution (8.74 mM)
9.333 mg resorcinol (colourless crystalline solid).
Dilute to 10 mL DW.

Hydrochloric Acid (10 M)
10 mL HCI (32%) solution

SES (0.4% Stock)
40 mg fructose.
Make up the volume to 10 mL DW.

Procedure

(a) Determine sperm cell concentration and
motility in the given semen sample.

(b) Dilute 0.1 mL of semen sample with 2.9 mL.
of DW in tube marked ‘T’.

(c) Add to it 0.5 mL each of barium hydroxide
and zinc sulphate solutions.

(d) Mix thoroughly, and allow it to stand for
5 min to remove seminal proteins.

(e) Centrifuge the content at 3000 g for 15 min.

(f) Take 1 mL of the supernatant for fructose
estimation.

(g) Take 1 mL of SFS (tube S, standard).

(h) For blank, take 1 mL of DW in another test
tube (tube B).

(i) Add 1 mL of resorcinol solution and 3 mL of
HCl to all the three tubes.

(j) Maintain at 90 °C for 10 min.

(k) Read OD value at 490 nm against blank.

Determination of Fructose Concentration in
Sperm Suspension

Sometimes investigations require determination
of fructose concentration in sperm suspension or
in seminal plasma after freezing-thawing. The fol-
lowing procedures described by [19] can be fol-
lowed in such cases. However, it should be noted
that sperm cells per se do not contain fructose:

(a) Take fresh semen sample.

(b) Wash the sample twice using NSS.

(c) Prepare sperm suspension of various
concentrations.

(d) Follow the procedure given above to deter-
mine fructose concentration.

Determination of Fructose Concentration in
Seminal Plasma After Freezing-Thawing

This assay is employed to determine effects of
cryopreservation on the fructose concentration in
a given semen sample. Investigations have
revealed that freezing-thawing had no influence
on seminal fructose concentration. However,
determination of fructose concentration in semi-
nal plasma post-thaw could serve as a quality
control product for determination of seminal
fructose concentrations in different samples:

(a) Take 2.5 mL of fresh semen sample.

(b) Centrifuge it at 3000 g for 15 min to remove
sperm cells.

(c) Confirm by CASA/microscope that no sperm
remains in the supernatant.

(d) Freeze the supernatant at —20 °C for 20 days.

(e) Every 48 h, take out 0.1 mL of sample, thaw,
and estimate fructose concentration.

(f) Re-thaw the remaining sample and repeat
process as per need of the investigation.

(g) Follow the procedure given above to deter-
mine fructose concentration.

Monitoring Stability of Standard Fructose
Solution

(a) Prepare 100 mL of stock fructose solution of
known concentration.

(b) From this, prepare 35 paired fructose solu-
tions of 1 mL each and store at 4 °C.

(¢) Number them as (1,1), (2,2), (3,3) and so on.

(d) Monitor the stability of SFS continuously for
35 days.

(e) Eachday, transfer 1 mL of standard fructose
solution, 1 mL of resorcinol solution
(8.47 mmol/L) and 3 mL of HCL (10 mol/L)
in another glass tube and mix well.

(f) Repeat the process for paired fructose
solution.
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(g) Maintain the paired prepared solution at
90 °C for 10 min.

(h) For blank, replace standard fructose solution
with DW and repeat as the above.

(i) Read the OD values at 490 nm against blank.

(j) Repeat the process for 35 days continuously.

Fructose concentration in seminal plasma(mM / L) =

Observations
Development of brown colour indicates produc-
tion of lactic acid.

Calculation

Absorbance value of test tube(T)

x11.12
Absorbance value of standard tube (S)

Fructose concentration in seminal plasma
= Absorbance value of tt A / Absorbance value of standard tube (B) x11.12

Points to Ponder

(a) Assays for fructose estimation to evaluate
function of seminal vesicles should be per-
formed within 3 h after ejaculation [43].

(b) Alternately, remove spermatozoa cells from
the semen sample to ensure accuracy of sem-
inal fructose determination.

Resorcinol Reaction: 2
The protocol for determination of seminal
fructose suggested by Mann [30] is given below.

Materials

Phosphate buffer saline (0.25 M, pH 7.4), zinc
sulphate solution (2%), NaOH solution (N/10),
resorcinol (0.1% in ethanol), hydrochloric acid
(30%), Dbenzoic acid (saturated), electric
colorimeter

Phosphate Buffer Saline (PBS, 0.25 M,
pH7.4)

Standard Fructose Solution (0.4% Stock)
400 mg fructose.
Dilute to 100 mL saturated benzoic acid.

Procedure
(a) Make semen-buffer mixture by diluting

0.4 mL of neat semen with 0.6 mL PBS in a
test tube.

(b) From the above tube, take 0.5 mL of diluted
semen and mix with 1.5 mL of DW.

(c) To the above mixture, add 1 mL of 2%
zinc sulphate solution and 1 mL of N/10
NaOH solution for deproteinization (0-h
sample, A).

(d) Incubate semen-buffer mixture (‘as
described in step a’, 0.5 mL) at 37 °C for 1 h
and then add 1.5 mL of DW.

(e) After incubation, deproteinize it as in ‘step
¢’ (1-h sample, B).

(f) Heat the deproteinized samples A and B in
boiling water bath for 1 min.

(g) Cool and filter both the samples.

(h) Take 0.5 mL of above filtrate in two sepa-
rate tubes, marked again as A and B,
respectively, and make the volume to 2 mL
with DW.

(i) Add 2 mL of 0.1% resorcinol in
ethanol and add 6 mL of 30% HCI to each
tube.

(j) Mix the content properly and keep
the samples in water bath at 80 °C for
10 min.

(k) Immediately cool the contents to room tem-
perature in running water.

(1) After cooling, a reddish brown colour devel-
ops in the solutions.

(m) Compare the intensity of colour with the
help of colorimeter at 540 nm with a stan-
dard fructose solution of equal volumes
plotted on a graph.
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Preparation of Blank Solution

(a) For blank, take 2 mL of DW in a tube marked
blank (C).

(b) Now repeat the steps c—k, even though there
is no sample containing fructose. This is
done to achieve highest degree of
accuracy.

(c) Using blank (C), set the spectrophotometer
reading to zero.

Preparation of Fructose Solution for
‘Standard Curve’

(a) Mark ten glass tubes from 1 to 10.

(b) In the first tube, take 5 mL each of ‘standard
fructose solution’ and saturated benzoic
acid

(c) Make a serial dilution up to ten tubes, that is,
transfer 5 mL of solution from tube 1 to tube
2 and make up the volume to 10 mL using
saturated benzoic acid.

(d) Repeat the process for the next eight tubes.

(e) Set the spectrophotometer reading to zero
using blank ‘C’.

(f) Take OD of all ten tubes at 540 nm. Plot a
‘standard curve’.

Preparation of Standard Fructose Solution

(a) The fructose solution of 0.1 and 0.2% is pre-
pared for comparison with 0 and 1 h samples,
respectively.

(b) For this, take two marked tubes (D and E).

(¢) Add 2.5 and 5.0 mL of ‘standard fructose
solution’ in two tubes, and volume is made
up to 10 mL using saturated benzoic acid.

(d) Take the OD reading at 540 nm as the above.

Observations

Development of brown colour in the solution
indicates production of lactic acid. The amount
of fructose present in semen immediately after
collection and 1-h incubation is worked out. The
difference between the two concentrations of
fructose is because of fructolysis in 1 h. This
method is useful and provides a true comparison
of metabolic activities of semen samples.

Calculations
By Formula

The following formula is applied to calculate
concentration of unknown sample:

Reading of Standard x Concentration of standard

Concentration of unknown sample =

Reading of unknown

where

Unknown sample = A or B
Standard sample =D or E

Using ‘Standard Curve’

Prepare a standard curve as given above.

Take unknown sample and subject it to proce-
dures a—k above.

Take OD of the test sample and calculate fructose
concentration by plotting in the ‘standard
curve’.

Points to Ponder

This assay gives satisfactory results if the
proportions of the solutions used for deprotein-
izing, i.e. zinc sulphate and sodium hydroxide,
are carefully adjusted to yield mixtures of
pH 7.4-7.5.

10.3.5.1.2 Indole Reaction

This assay is commonly employed for fructose
estimation in human semen [23] but is equally
good for bovine semen as well.
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Principle

When fructose is mixed with indole and heated, a
complex is produced which absorbs light at 470—
490 nm wavelength.

Materials

Tricarboxylic acid (TCA), concentrated HCI
(32%), indole, sodium hydroxide (0.5 M), fruc-
tose standard, photometer, pipette, tips, centri-
fuge and tubes, Eppendorf tubes, water bath

Sodium Hydroxide (0.5 M)
2 g sodium hydroxide crystals.
Dilute to 100 mL DW.

Standard Fructose Solution*
3 mg fructose.
Dilute to 3 mL DW.

Preparation of Fructose Solution for Curve

(a) Take six tubes marked A to F serially

(b) Add 10, 20, 30, 40, 50 and 60 pL of SFS to
each of the tubes

(c) Make up the volume to 100 pL using DW

Procedure

(a) Prepare SFS 2 weeks in advance as described
earlier.

(b) Estimate the number of live sperm cells in
the test semen sample.

(c) Take 100 pL each of test sample (G) in a
tube.

(d) Add 0.5 mL of TCA to tubes A-G and mix
well.

(e) Centrifuge at 1000 g for 10 min

(f) Pipette 20 pL of supernatant from the above
tubes in the next set of tubes also marked
A-G.

(g) For blank, take 20 pLL of DW in another tube
marked H.

(h) Add 200 pL of concentrated HCI (32%) and
20 pL of indole to each of the tubes.

(1) Seal the tubes and incubate at 37 °C for
30 min in a water bath.

(j) Add 200 pL of sodium hydroxide solution to
stop colour reaction.

(k) Take spectrophotometer reading or pipette
200 pL into an empty well of plate reader
and take OD value at 470-490 nm.

(1) Set the spectrophotometer reading to O using
blank.

(m) Using OD value of tubes A-F, plot a graph
against known fructose concentrations.

(n) Standard curve is plotted by taking OD
value on y-axis and respective fructose con-
centration on X-axis.

(o) Fructose concentration of test sample G is
determined from this graph.

Points to Ponder

(a) TCA and HCI solutions cause severe burn.
(b) Never add water to concentrated HCI.
(c) Indole is highly inflammable.

10.3.5.2 Enzymatic Assay
for Determining Seminal
Fructose
A modified rapid and quantitative enzymatic
assay to determine seminal fructose concentration
described by Anderson et al. [22] is given below.

Principle

The protocol is based on reduction of fructose by
an enzyme sorbitol dehydrogenase with the con-
comitant oxidation of NADH. The reduced form
of nicotinamide adenine dinucleotide (NAD) is
termed as NADH, whereas oxidized form is
NAD*. The initial rate of NADH (a flavoprotein
containing iron-sulphur centre) oxidation, which
is proportional to the fructose content of seminal
plasma, can be measured either with a recording
spectrophotometer or by conventional two-point
kinetic assay. The assay is reported to be more
precise, sensitive and rapid than resorcinol
method [22]. The procedure is recommended for
both research and clinical use.

Materials
Sorbitol dehydrogenase,
monobasic, NADH

sodium phosphate

Sorbitol Dehydrogenase Preparation (pH 6.8)
10 pg of sorbitol dehydrogenase.
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12 mg sodium phosphate monobasic (NaH,PO,,
0.1 M).
Dilute to 1 mL of DW.

Reaction Mixture

1.06 mg NADH (reduced sodium salt, 1.5 mM).

Dilute to 1 mL of sorbitol dehydrogenase
preparation.

Procedure

(a) Prepare SFS 2 weeks in advance as described
before.

(b) Take semen sample in a cryovial and centri-
fuge (5000 g) at 5 °C for 10 min.

(c) Carefully pipette 100 pL of supernatant to
another test tube and make up the volume to
0.5 mL using DW.

(d) Place the tube in a boiling water bath for
7 min.

(e) Centrifuge the above sample (2500 g) for
10 min to remove the precipitated material.

(f) Take 100 pL of supernatant to another test
tube and make up the volume to 1 mL using
reaction mixture.

(g) Repeat the procedure for SFS.

(h) Determine the concentration of fructose by
comparing the initial rate of decrease in
absorbance of test and standard at 340 nm
(25 °C).

(i) Alternate quantitative seminal fructose by
two-point kinetic assay.

() In this protocol, OD values are taken at O (as
above), 3 and 23 min.

(k) Compare the total change in absorbance at
340 nm with that for fructose standard.

Calculation
By this protocol, the concentration of seminal
fructose in bull was found as 30 = 1 mmol/L.

10.3.5.3 Chromatographic Assay:
By Thin-Layer (Paper) or Gas
Chromatography
Most frequently used chromatographic tech-
niques for separation of sugar mixtures are
paper chromatography and thin-layer chroma-
tography (TLC).

Thin-layer chromatography consists of the
absorbant spread over an inert flat support usu-
ally glass or rigid plastic film. The layer is usu-
ally stabilized by incorporating a binding agent
such as plaster of Paris (10%), and plates may be
prepared by shaking mixtures of the absorbent
and the binding agent with an appropriate volume
of water. A uniform layer of the mixture (slurry)
is spread over a clean plate and allowed to dry in
an oven and stored in a desiccator. Nowadays,
prepared plates coated with adsorbent are com-
mercially available. There are many different
ways in which chromatograms are run: ascend-
ing, descending, one dimensional, circular or
horizontal and two dimensional.

The principle and procedures of paper chro-
matography for fructose identification are
described below.

Principle

Chromatography (a word originally coined by
Tswett in 1906) is a technique based on separa-
tion of the components of an unknown mixture
by partitioning between two phases, one of which
is stationary and the other is mobile, and the mix-
ture to be separated is partially soluble in one
phase whereas fully soluble in the other phase
[44]. The British workers Consden, Gordon and
Martin [45] carried out the early work on paper
chromatography. Partridge [46] demonstrated
that chromatography could be successfully
applied to the separation and identification of
carbohydrate mixtures.

The commercially available chromatography
papers have variable speed of slow, medium or
fast in their running characteristics. The mixture,
in this case semen sample, suitably diluted, to be
analysed is spotted on the paper. Dried and suit-
able solvent is allowed to flow along the sheet in
ascending, descending or radial direction depend-
ing upon the available chamber and the sample to
be analysed. The solvent front is marked and the
paper is subjected to suitable reaction to develop
chromatograph. The Rf value, i.e. ratio of the dis-
tance travelled by the dissolved solute over the
solvent front, is more or less constant for a
specific set of experiment and condition for a
specific compound.
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Rf = distance travelled by solute/distance trav-
elled by solvent front

A modified paper chromatographic protocol
to identify the presence of fructose [44] is given
below.

Materials

Ethyl acetate, pyridine, fructose, aniline, acetone,
phosphoric acid, glacial acetic acid, chromato-
graphic chamber

Standard Fructose Solution
100 mg fructose.
Dilute to 1 mL DW.

Pre-saturation of Chromatographic Chamber

In chromatographic chamber, fill the boats with
ethyl acetate/pyridine/water (12:5:4 by vol-
ume) solvent system.

Take a 300 mL of solvent in a beaker and place in
the chamber overnight to pre-saturate it.

Solution A
13 mL aniline
800 mL acetone

Solution B
18 mL phosphoric acid
200 mL glacial acetic acid

Locating Agent (Alkaline Phosphoric Acid)
10 mL solution B
40 mL solution A

Procedure

(a) Cut the chromatography paper (Whatman
no. 1) according to the size of the chromato-
graphic chamber.

(b) Draw a base line with pencil parallel to the
bottom edge of the paper about 5 cm distance
from the top edge of the paper.

(c) On the paper, mark two small circles evenly
spaced with outer most mark at least 3 cm away
from the edge of the paper on either sides.

(d) Number the marks as SF (standard fructose)
and T (test). The test sample can be many.

(e) With the help of a pipette, place by capillary
action 10 pL of ST on the designated mark.

(f) Repeat the process for test sample(s). Allow
the marks to dry.

(g) Mount the chromatography paper in the
chromatographic chamber saturated with
solvent.

(h) Allow the solvent to run up to 8—10 h or till
the solvent front reaches the bottom end.

(i) Mark the solvent front, and keep it from dry-
ing at room temperature by hanging.

Identification of Fructose in Test Sample

(a) Take a fume cupboard, fill a plastic tray with
locating solution, and pass each chromato-
gram once through the tray.

(b) Hang the wet paper in fume cupboard and
allow it to air dry.

(c) Now keep the dried paper in hot air oven at
100-110 °C for 5 min.

(d) Circle the spots carefully.

Observations

(a) The sugar spot (ST) appears brown on a
nearly colourless background.

(b) The test spots (T) will also brown if fructose
is present.

(c) Other sugars such as glucose, maltose,
sucrose and galactose will also produce
brown spots if present in sample.

Calculation

Calculate Rf value by measuring the distance
travelled by individual sugars divided by the
distance travelled by solvent front. In the
chromatogram, on the basis of distance travelled
by each sugar in (in this case ST), the individual
sugar present in the sample (T) can be
identified.

Points to Ponder
(a) Do not use ball/ink pen in place of pencil.

(b) Wipe the capillary tube with tissue paper
before applying on paper.
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(c) The spot of ST and T should be around 5 cm
in diameter.

(d) Always prepare locating agent in a dry bea-
ker, and pour solution B first.

(e) If a precipitate is formed while preparing
locating agent, mix thoroughly to dissolve.

(f) While dipping the chromatogram in the
locating solution, just allow minimum time
for wetting only.

(g) Oven should be preheated to achieve a tem-
perature of 100-110 °C.

(h) Immediately circle the spots; otherwise, they
may disappear.

10.3.6 Oxygen Uptake
by Spermatozoa

Oxygen uptake by sperm is a measure of meta-
bolic activity of live cells. In this assay, ‘respira-
tory quotient’ (RQ) of spermatozoa is calculated
based on the fact that live and active spermatozoa
take up higher volume of oxygen per unit of time.
The volume of carbon dioxide produced by the
volume of oxygen consumed in the given unit of
time is measured, and the quotient obtained is
called ‘respiratory quotient’ expressed as ZO, of
spermatozoa. Oxygen uptake by known concen-
tration of spermatozoa in a test sample is mea-
sured with the help of Warburg respirometer. The
average ZO, value of bull semen is 21. This test
indicates activity and live percentage of sperma-
tozoa. The RQ is affected by composition, tem-
perature and pH of the diluent used.

Oxygen uptake can be measured polarograph-
ically by using a modified Clark-type oxygen
electrode and an oxygraph from Instech
Laboratories (Philadelphia, PA, USA). This mea-
sures rapid changes in the rate of oxygen con-
sumption by the cell [26]. Many measurements
of the rate of respiration of bull sperm have been
made, resulting in an average value of 21 pL O,
per h consumed by 100 million sperm [30]. This
is equivalent to 1.7 x 10° molecules of O,/h/
sperm.

10.3.7 Pyruvate Utilization Test

The pyruvate occupies pivotal position during the
metabolic breakdown of the hexoses and other
carbohydrates. The rapid oxidation of the pyruvic
acid in semen and its preferential utilization as
compared to other carbohydrates [47] attest to the
importance of pyruvate in sperm metabolism.
This assay is based on the observation that in an
actively synthesizing tissue, such as the lactating
mammary gland, pyruvate is completely oxidized
and that its complete oxidation is brought about
by 2,4-dinitrophenol (DNP) [48]. Since the DNP
is known to inhibit synthetic reactions [49], it
was believed that the magnitude of the effect of
DNP on the respiration of spermatozoa metabo-
lizing pyruvate might provide a measure of their
metabolic vigour based on their synthetic activ-
ity. This led Melrose and Terner [27] to suggest
that the quality of semen samples could be graded
according to the oxygen consumption after the
addition of pyruvate and pyruvate + DNP. Fluoride
is added to the sample to reduce the exogenous
metabolism to a low level. Following addition of
pyruvate, the oxygen consumption increases in
both high-fertility and low-fertility bull semen,
whereas on addition of DNP, the oxygen uptake
increases twofold in high-fertility but not in low-
fertility bulls. The oxygen uptake is measured
with the help of monometric equipment.

Interpretation

Melrose and Terner [27] suggested that pyruvate

reduction assay can be used to:

(a) Differentiate bulls producing semen of
exceptionally high-quality form that of bulls
producing semen of poor fertilizing capacity,
which, because of its good appearance and
motility, might otherwise be considered
satisfactory.

(b) Periodically check on the quality of semen
produced by bulls of fluctuating fertility.

(c) This assay may not be applicable in cases of
pathological or genetic causes of infertility.
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10.4 Background Information

Investigations on the metabolic activity of sper-
matozoa have always evoked great interest in the
minds of many scientists the world over. Despite
great interest in this field, a lot is yet to be eluci-
dated concerning physiological process of sperm
metabolism as it happens in the male gonads to
their concluding point, i.e. at fertilization. Sperm
cell metabolism must be studied under experi-
mental conditions that permit accurate measure-
ments to be made of small changes in amount of
metabolic fluids (seminal plasma), of exchange
between metabolic donators and acceptors and
interactions among varying concentration of
metabolites and spermatozoa and of minute gas-
eous exchange between sperm cell and immedi-
ate environment. While performing experiments,
such measurements often require separation of
spermatozoa from their normal physiological
environment to an artificially produced condition
that can easily be controlled and at the same time
mimics normal physiological conditions.
However, this need for technical simplicity intro-
duces other complications. For example, many of
the substances available in the seminal plasma
are either stimulatory or inhibitory of cell metab-
olism; their interactions are yet to be explored
completely. Under such circumstances, investi-
gators are advised to provide enough leverage for
either singly or cumulative effect of these factors
before arriving at a conclusion.

While investigating metabolic activity of sper-
matozoa, Nakano [50] was the first scientist to
use methylene blue. Resazurin was discovered by
Weselsky in 1871 and at first utilized to assess the
bacterial content of milk by Pesch in 1929
[Twigg, 51]. Since then, this dye has been used
successfully in assessing fertility potential in
humans [52], bulls [28], boars [53] and stallions
[54]. Using the potential value of the resazurin
reduction assay, home kits for the estimation of
sperm quality have also been developed
(FertilitySCORE, Belgium; Androscore, USA).
Considering the disadvantage of using methylene
blue and resazurin as a subjective test, several
workers have modified the protocol to evaluate
colour change using spectrophotometer [17, 55,

56]. This conferred advantage of objective evalu-
ation of results. This chapter includes one such
assay. Other workers [16] have reported a strong
inverse correlation between the reducing capacity
of semen and reactive oxygen species produc-
tion, therefore suggesting that the resazurin test
could possibly reveal the presence of excessive
oxidative stress of spermatozoa.

In methylene blue reduction assay, one cannot
be sure of the source of hydrogen atom trans-
ferred to MB neither be certain that these atoms
would have been accepted by oxygen in the nor-
mal metabolic pattern. Because of the uncertain-
ties mentioned above, the uptake of oxygen by
the spermatozoa in the micro-respirometers may
provide information on respiratory activity of
spermatozoa. The most commonly used instru-
ments for such purpose is manometers of Warburg
or Barcroft type. Recently, O, electrodes have
been used to estimate metabolic activity of sper-
matozoa [57]. However, as these procedures
require sophisticated equipment and other alter-
nate protocols are available, only principal and
salient points of protocol for determining oxygen
uptake are discussed in this chapter.
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