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ABSTRACT

The fatty acids pattern of the total lipid fractions of male rat serum and seminal fluids were studied under the
effect of gossypol and some of its metabolites (Apogossypol and gossypolone). The applied dose of gossypol and
its derivatives exhibits some metabolic effects such as significant decrease of the saturated fatty acids and a
significant increase of polyunsaturated fatty acids. In the serum, eicosapentaenoic acid (C20:5) in sterylester
fraction was significantly increased under the effect of apogossypol. While in the free fatty acids fraction,
palmitic acid (C16:0) content was significantly decreased, meanwhile significant increase of polyunsaturated fatty
acid (C22:5) with apogossypol and gossypolone treatment. Stearic acid (C18:0) was significantly decreased in the
total phospholipids fraction due to the treatment with gossypol acetic acid, apogossypol and gossypolone. In the
seminal fluid, also eicosapentaenoic acid (C20:5), in sterylester fraction, was significantly increased with
apogossypol treatment. In triglycerides, free fatty acids and phospholipids fractions, mono-unsaturated fatty acids
were significantly decreased after gossypol and gossypolone treatment. Also, linoleic acid was' significantly
increased in the main fractions (triglycerides) under the effect of gossypol and gossypolone. Gossypol and
gossypolone which induced sterility, may have significant effect on NAD and NADP-dependent enzymes, ATPase
and/or have local effect on the germinal cells. Therefore, apogossypol which did not cause sterility, has no effect

on the process of spermatogenesis as well as the content of seminal monounsaturated fatty acids.

INTRODUCTION

The reversible antifertility effect of gossypol in males
was reported in man and rat[7]. Since then much interest
was paid to this yellow phenolic compound extracted from
cotton seeds. Several mechanism have been proposed to
explain its action, particularly its capability to inhibit a
number of enzyme activities; the (Mg**t/Cat+)-ATPase in
sperm[2], the lactate dehydrogenase isoenzymes-X[3],
adenylate cyclase[4], the phospholipid-and Cat?2 dependent
protein kinase from testis[5] and 5-lipoxygenase from rat
basophilic leukemia cells and human neutrophils. In
addition, the 12-lipoxygenase and prostaglandines
synthethase from platelets. The effect of gossypol acetic
acid on luteinizing hormone (LH), and testosterone were
studied. Gossypol also inhibits luteinizing hormone, 8-
bromo-adenosine-3', 5'-monophate-included testosterone
formation, and the conversion of pregnenolone to
testosterone in isolated rat interestitial cells[6]. On the
otherhand, gossypol had a dose-dependent inhibitory action
on releasing of testosterone form dispersed mouse Leydig
cells[7]. Also, gossypol acetate (implanted in one testis)
lead to significantly decreased blood testosterone and LH[8].

The germinal epithelial cells showed vaculisation,
pycnosis, disconnections of junctions, cytolysis and
excavation of germ cells from the epithelium{9,10]. Also.
gossypol cause mild proximal tubule vaculisation similar to

that observed in animals on a K*-free diet and small
brownish pigment deposit in a few tubular cells[11]. The
local and biochemical changes may be attributed to the effect
of gossypol and/or its metabolites. It was suggested that
gossypol may be biotransformed to apogossypol and
gossypolone[12].

Accordingly, the present study deals with the possible
relatioships between the effect of gossypol, apogossypol and
gossypolone on the fattya acids pattern of the total lipid
fractions of male rat serum and seminal fluids.

MATERIALS AND METHODS

Preparation of gossypol, apogossypol and

gossypolone :
Gossypol acetic acid was isolated from Egyptian cotton

seeds according to the mehtod described earlyl!3],
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Apogossypol[14] and gossypolone[15] were prepared from
gossypol acetic acid according to the method of Carruth[13]
and Lyman et al[14]. The chemical purity was assessed by
infrared spectra[14;15], phloroglucinol reaction, thin-layer
chromatography and melting points.

Animals and Treatments

Adult male Sprague-Dawley male rats were used for this
study. They were housed 8 per cage and maintained on 12
hr light/dark cycle in a temperature controlled room (25 £ 5
°C) and food and water were provided ad libitum. Rats were
randomly assigned to one of four groups. Group designated
as controls, were injected with dimethyl sulphoxide
(DMSO) in a dose amount to 1 ml/Kg body weight. Group
(GA) were injected with gossypol acetic acid dissolved in
DMSO in dose amount to 5 mg/Kg body weight. Group
(AG) and group (GN) were treated with apogossypol and
gossypolone respectively using the same dose rate as group
(GA). Injections were applied intraperitoneally 5 days a
week for 5 weeks. Animals of fourth group (GN) showed
high toxic features after the second week of injection.

Four rats were sacrificed every week, 48 hours after the
last injection. Blood samples were collected by heart
puncture. The coda and vas difference from each rat were
taken minced in 1 ml Peterson and Freund[16] salt medium
filtered through doubled 200 um mesh nylon cloth to
remove large membrane fragments. The blood and the
seminal fluid were centrifuged at 3000 RPM for 15 minutes.
The total lipid of the serum and the seminal fluid were
extracted according to the method of Folch et al[17].

Fatty acids analysis was performed by coupling of thin
layer chromatography with gas chromatography and the fatty
acids were analyzed in the form of methylester(!8], The
methylesters were purified by chromatography on silica gel
G chromatoplates using petroleum ether (b.p. 60-80 °C) -
diethyl ether, 90:10, v/v), using authentic sample of fatty
acids methylesters as reference[19].

Gas chromatographic analysis was done using a Perkin-
Elmer instrument (3-SIGMA) using glass cloumn (6 ft x S
mm diameter) packed with DC-200. The detector and
injector temperatures were 250 °C and oven temperature was
190 °C. Nitrogen flow rate was 40 ml/minute. Quality of
the fatty acids were determined by triangulation[20].
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Statistical Analysis

Results are expressed as average value for each group
per week and statistically correlated with the duration of
experiment with correlation coefficient. The significant
variations for the fatty acids of total lipid fraction compared

to the control have been calculated with two way analysis
(F-test).

RESULTS

Fatty acids identified in the serum total lipid fraction
were myristic (C14:0), pentadecanoic (C15:0),

gossypolone on fatty acids

dodecylecrylate (15:1), palmitic (C16:0), palmitoleic
(Cl16:1), stearic (C18:0), linoleic (C18:2), arachidonic
(C20:4), eicosapentaenoic acid (C20:5) and docosapentaenoic
acid (C22:5). In sterylester fraction, the percent value of the
fatty acids as well as their statistical analysis (F-values)
were presented in Table 1. Only, eicosapentaenoic acid
(C20:5) was significantly increased (P < 0.05) under the
effect of apogossypol. On the other hand, mono-unsaturated
fatty acids decrease and polyunsaturated fatty acids increased
under the effect of the compounds (GA, AG and GN)
compared to control (DMSO).

Table 1
The two ways analysis (F-test) of fatty acids pattern of the sterylester class for serum of male rats
Fatty acids F-value Mean value
DMSO GA AG GN
Saturated fatty acids 0.19 29.47 29.90 29.95 25.90
C14:0 0.66 1.36 1.47 1.90 1.36
C15:0 2.13 6.11 2.07 0.50 2.90
Cl6:0 - 0.33 19.10 18.30 19.70 16.38
C18:0 2.46 2.93 8.04. ' 7.83 5.09
Mono-unsaturated fatty acids 1.52 35.50 22.30 27.40 24.40
C15:1 0.95 0.20 0.46 0.47 0.20
C16:1 1.09 3.42 2.11 3.80 2.90
C18:1 1.67 31.89 19.89 22.77 21.01
Poly-unsaturated fatty acids 1.08 35.01 47.74 42.61 49.66
Ci8:2 1.76 3.40 5.19 5.70 6.40
C20:4 0.11 16.29 13.27 14.73 15.39
C20:5 3.68* 0.00 2.10 : 4.4* 0.00
C22:5 1.02 15.33 27.18 17.74 27.80
* These values are statistically significant compared to DMSO group (p<0.05).

In triglycerides, the drugs have no significant effect on under the effect of apogossypol and gossypolone (Table 3).
the fatty acids pattern (Table 2). While in the free fraction, Stearic acid (C18:0) in phospholipid classes was
palmitic acids (C16:0) was significantly decreased and significantly decreased under the effect of the compounds
docospentaenoic acid (C22:5) was significantly increased (GA, AG and GN) compared to the control (Table 4).

Table 2
The two ways analysis (F-test) of fatty acids pattern of the triglycerides class for the serum of male rats
Fatty acids F-value Mean value
DMSO GA AG GN
Saturated fatty acids 0.77 38.54 36.26 43.07 38.30
Cl14:0 0.72 3.57 2.00 1.66 2.06
C15:0 0.83 3.73 1.44 1.10 2.93
C16:0 0.61 26.67 23.09 28.73 25.64
C18:0 1.37 4.50 9.73 11.60 6.71
Mono-unsaturated fatty
acids
Ci15:1 0.014 33.44 33.50 34.49 33.93
Cie:1 0.97 3.01 0.51 0.74 0.57
C18:1 2.164 2.20 247 4.70 2.40
0.09 28.27 30.50 28.99 31.07
Poly-unsaturated fatty
acids 0.45 28.01 30.26 22.40 27.64
C18:2 2.00 6.21 4.24 3.33 7.41
C20:4 1.05 2.40 1.40 1.60 4.10
C20:5 2.38 --- -—-- 3.60 0.66
C22:5 0.67 19.37 23.00 13.87 15.43
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Table 3
The two ways analysis (F-test) of fatty acids pattern of the free fatty acids class for the serum of male rats
Fatty acids F-value Mean value
DMSO GA AG GN
Saturated fatty acids 3.204* 47.80 46.63 37.47* 41.86
Cl14:0 0.250 1.77 2.13 1.16 2.06
C15:0 0.990 2.07 2.01 1.01 3.33
Cl16:0 4.97** 32.34 24.1* 24.1* 25.57*
Cl18:0 0.45 11.61 9.80 9.80 10.57
Mono-unsaturated fatty acids 0.93 30.90 34.87 31.84 2597
Cl15:0 1.35 0.14 0.43 0.71 0.16
Clé6:1 0.79 2.73 2.49 3.77 2.57
C18:1 1.18 28.10 31.93 27.29 23.17
Poly-unsaturated fatty acids 2.07 21.29 18.49 30.69 32.17
C18:2 0.94 8.66 5.74 5.06 6.14
C22:5 4.75* 10.10 11.25 24.77* 25.66*

*These values are statistically significant comapred to DMSO group (P < 0.05).

Table 4
The two ways analysis (F-test) of fatty acids pattern of the phospholipids class for the serum of male rats
Fatty acids F-value Mean value
DMSO GA AG GN
Saturated fatty acids 2.64 57.21 48.07 43.31 49.70
C14:0 1.90 1.09 0.57 0.81 1.27
C15:0 0.81 0.71 0.50 0.29 1.61
Cl16:0 0.27 26.76 25.26 24.30 27.07
Ci8:0 8.72** 28.65 21.74* 17.9%%* 19.23*
C20:0 3.93 0.0 0.0 0.0 5.56*
Mono-unsaturated fatty acids 0.94 2391 2291 24.23 31.90
C15:1 0.39 091 0.87 0.56 0.96
Ci6:1 1.78 0.80 0.67 0.93 1.97
Cl18:1 0.84 21.80 21.01 22.89 29.11
Poly-unsaturated fatty acids 2.57 19.26 29.77 32.39 18.43
Cl18:2 0.80 3.10 3.11 391 2.83
C20:4 0.46 8.30 7.13 8.64 6.23
C22:5 1.90 7.84 18.52 19.83 9.37

* These values are statistically significant compared to DMSO group (P < 0.05).
** These values are statistically highly significant compared to DMSO group (P < 0.01)

The fatty acids pattern for the seminal lipid fractions
were presented in Table 5. Myristic acid (C14:0)
pentadeconic acid (C15:0), dodecylacrylate (C15:1) palmitic
acid (C16:0), palmitomoleic acid (C16:1), stearic acid

(C18:0) oleic acid (CI18:1), linoleic acid (C18:2),
arachidonic acid (C20:4), eicosapentaenic acid (C20:5),
docosapentaenoic acid (C22:5) were the major fatty acids.

Table §
The two ways analysis (F-test) of fatty acids pattern of the sterylester class for seminal fluid of male rats.
Fatty acids F-value Mean value
DMSO GA AG GN
Saturated fatty acids 0.35 37.60 3597 34.16 39.20
C14:0 0.27 2.27 271 2.40 2.37
C15:0 0.85 1.71 1.47 3.30 3.76
Cl16:0 0.49 23.00 18.10 20.50 19.80
C18:0 0.67 9.90 13.80 7.50 13.30
Mono-unsaturated fatty acids 1.25 24.81 18.85 17.59 22.14
Cl5:1 0.37 0.56 0.76 0.33 0.53
Cle6:1 0.79 2.89 2.60 3.50 3.80
C18:1 1.73 21.39 15.54 13.76 17.80
Poly-unsaturated fatty acids 0.84 37.99 45.17 48.14 38.64
Cl18:2 0.95 12.60 17.20 7.50 8.90
C20:4 3.35* 0.00 1.46 6.13* 0.00
C22:5 0.40 25.20 26.50 34.04 29.20

* These values are statistically significant compared to DMSO group (P < 0.05).

In sterylester fraction, the per cent of fatty acids as well

Only, eicosopentaenoic acid was increased significantly after
as the statistical analysis (F-value) are presented in Table 5.

apogossypol treatment (P > 0.05). The fatty acids of the
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triglycerides fraction, Table 6, showed highly significant
decrease for mono-unsaturated fatty acid during the treatment
with gossypol acetic acid and gossypolone compared to
DMSO-group. Palmitoleic acid (C16:1) and oleic acid
(C18:1) were significantly decreased during both gossypol
acetic acid and gossypolone treatment. Only, oleic acid

(C18:1) was significantly decreased under the effect of
gossypol acetic acid and gossypolone in the free fatty acids
fraction Table 7. Also, mono-unsaturated fatty acids,
(C15:1) and (C18:1), were significantly decreased in
phospholipids fraction under the effect of gossypol acetic
acid treatment Table 8.

Table 6
The two ways analysis (F-test) of fatty acids pattern of the triglycerides class for seminal fluid of male rats
Fatty acids F-value Mean value
DMSO GA AG GN
Saturated fatty acids 0.34 32.87 36.17 "35.40 36.80
C14:0 2.02 2.49 1.77 2.17 2.63
C15.0 0.70 0.57 0.99 1.03 1.87
C16:0 0.11 26.09 26.41 26.87 24.94
C18:0 2.17 3.73 7.00 5.36 7.44
Mono-unsaturated fatty acids 5.48%* 51.59 32.22%* 46.81 37.03%*
C15:1 1.39 0.21 0.44 0.54 0.30
Ci6:1 6.09%* 11.47 4.43%* 7.96 T.11**
C18:1 4.05* 39.87 27.34* 38.28 29.60*
Poly-unsaturated fatty acids 2.52 15.54 31.60 17.79 26.20
Cl8:2 4.08* 291 6.14* 2.26 4.76*
C20:4 0.99 0.00 4.51 0.44 0.80
C20:5 0.99 0.66 0.00 2.96 5.05
C22:5 0.99 11.49 19.68 11.67 15.50

* These values are statistically significant compared to DMSO group (P < 0.05).

** These values are statistically highly significant compared to DMSI group (P < 0.01).

Table 7
The two ways analysis (F-test) of fatty acids pattern of the free fatty acids class for seminal fluid of male rats
Fatty acids F-value Mean value
DMSO GA AG GN
Saturated fatty acids 1.48 43.10 35.16* 34.76 45.69
C14:0 3.73* 3.37 2.20%* 2.24* 237
C15:0 041 243 2.33 1.73 3.76
Cl16:0 041 27.34 24.13 22.80 19.80
C18:0 1.38 7.84 7.00 7.90 13.30
Mono-unsaturated fatty acids 3.07 25.37 15.43 27.70 22.59
Cl15:1 0.13 1.41 0.84 1.01 1.44
Cle:1 2.17 2.76 1.94 4.86 3.27
C18:1 3.90* 21.20 12.58 21.20 17.90*
Poly-unsaturated fatty acids 2.5 31.50 48.40 37.53 38.64
Cl18:2 0.85 5.63 6.99 6.53 4.74
C20:4 0.00 1.30 497 1.03 3.97
C22:5 1.32 24.60 34.47 29.99 23.00

*These values are statistically significant compared to DMSO group (P < 0.05).

Table 8
The two ways analysis (F-test) of fatty acids pattern of the phospholipids class for seminal fluid of male rats
Fatty acids F-value Mean value
DMSO GA AG GN
Saturated fatty acids 0.89 39.60 3597 34.16 39.20
Cl14:0 1.32 1.33 271 2.40 2.37
C15:0 0.82 241 1.47 3.30 3.76
C16:0 0.37 2243 18.10 20.50 19.80
C18:0 0.77 13.49 13.80 7.50 13.30
Mono-unsaturated fatty acids 5.97*x* 17.03 18.85 17.59 22.14
Cl15:1 4.29* 0.67 0.76 0.33 0.53
Clé6:1 1.44 1.59 2.60 3.50 3.80
Cl18:1 5.20%* 14.74 15.54 13.76 17.80
“Poly-unsaturated fatty acids 2.60 43.37 55.70 42.19 49.57
C18:2 1.85 8.13 11.64 9.61 7.79
C20:4 2.30 1.80 0.00 2.07 0.40
C22:5 0.22 4.40 9.27 4.70 6.04
C22:5 0.96 29.04 34.80 25.37 35.30

* These value are statistically significant compared to DMSO group (P < 0.05).

** These values are statistically highly significant compared to DMSI group (P < 0.01).
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DISCUSSION

The intraperitoneal injection of gossypol acetic acid,
apogossypol and gossypolone (5 mg/Kg body weight) into
male rats decreased significantly saturated fatty acids,
(C16:0) and (C18:0) and a significant increase of the
polyunsaturated fatty acid (C22:5) in the serum of male rat.
An inverse relationship between the content of palmitic acid
and the content of docosapentaenoic acid was statistically
identified by apogossypol and gossypolone treatment. Also,
mono-unsaturated fatty acids showed marked decrease during
the treatment with the drugs. At the same time, stearic acid
in serum phospholipids was significantly decreased. The
possibility that these agents may decrease the de novo
synthesis of palmitic acid. This system is found in the
soluble (cytosol) fraction of many tissues and its factor
requirements include NADPH, ATP, Ma*™* and HCO3™.
Accordingly, the treatment may affect the production of
NADPH and the activity of acetyl Co-A carboxylase.
Therefore, the diffusion of citrate from mitochondria to
cytosol leading to elongation of polyenoic fatty acids
(C18:2) or (C20:4) forming polyunsaturated fatty acids
(C22:5). Gerez de Burgoe et al [21] found that gossypol
was powerful inhibitor to o-hydroxylase and malate
dehydrogenase (NAD-linked enzymes) and of glutamate,
maleic acid and glucose-6-phosphate dehydrogenases
(NADP-dependent enzymes). Also, Dou and Fu[22]
concluded that gossypol may form an active complex with
the enzyme-ATP.

Prostaglandins are hormone-like compounds derived
from C20-polyene fatty acid (C20:4) by the activation of
fatty acid cyclooxygenase. Linoleic acid (18:2) is chiefly
converted into arachidonic acid in the organism.
Prostaglandins biosynthesis involves consumption of two
molecules of oxygen and requires two molecules of reduced
glutathione. The significant increase of polyunsaturated
fatty acids in the serum may be due to inhibition of
prostaglandins biosynthesis caused by gossypol,
aposgossypol and gossypolone treatment. This conclusion
agree with the results of others, where they have showed
that gossypol inhibits prostaglandins biosynthesis[23,25].
Also, El-Habet el al. [24] found that gossypol acetic acid (5
mg/Kg body weight) decreased liver glutathione content
(34%).

In the seminal fluid, the fatty acid pattern for lipid
classes showed some changes under the effect of gossypol,
apogossypol and gossypolone treatment. In triglycerides,
free acids and phospholipids fractions; mono-unsaturated
fatty acids (C16:1 and C18:1) were significantly decreased
under the effect of gossypol acetic acid and gossypolone
(which induced sterility for male rats). The possibility that
gossypol and gossypolone may inhibit palmitate
biosynthesis in the testis as well as the significant decrease
of the saturated fatty acids (C16:0 and C18:0) in blood.
This conclusion agree with the results of others[2, 21, 22,
25] concerning the effect of gossypol on ATPase of the
testis, NAD-linked enzymes, NADP-dependent enzymes and
on enzymes-ATP complex. Linoleic acid (C18:2) was
significantly increased in the triglycerides fraction for the
seminal fluid lipid under the effect of gossypol acetic acid
and gossypolone. The results means that linoleic acid may
be acyl-transferred to glycerophosphate instead of being
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biotransformed to arachidonic acid (C20:4) which inturn is
responsible for prostaglandins biosynthesis[23].

Prostaglandins stimulate the secretion of luteinizing
hormone (LH) and Luteinizing hormone/follicle stimulating
hormone-releasing hormone[26]. On the otherhand, LH is
responsible for adenylate cyclase, cyclic-AMP and
testosterone formation[27,28]. Therefore, the possibility
that; gossypol acetic acid and gossypolone may affect the
secretion of LH in the testis leading to decreased adenylate
cyclase and testosterone. This conclusion agrees with that
of others[4,6]. It may also concluded that the anti-
spermatogenic effect of gossypol and gossypolone is
mediated within the germinal epithelium rather elsewhere.
This condition is in agreement with that reported by
others[8-10, 29-31]. The antispermatogenic effect of
gossypol acetic acid and gossypolone may be attributed to
their significant effect on the enzymes and steroidogenesis
via the local effect on the testis. However, apogossypol has
metabolic effect on the total lipid of male rat serum, but has
no antispermatogenic effect. Therefore, further studies
should be done in the future on apogossypol to investigate
its possible antispermatogenic effect.
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