
Available online at www.scholarsresearchlibrary.com 

 

 

 

 
 

 
Scholars Research Library 

 

Der Pharmacia Lettre, 2019, 11[4] : 40-58 

(http://scholarsresearchlibrary.com/archive.html) 

 

 
 ISSN 0975-5071 

USA CODEN: DPLEB4 

 

40 

Scholar Research Library 

Potential Mechanisms of Action of Gossypol, an Anti-spermatogenic Male 

Contraceptive Agent: A Review 

Mutabazi Francois
1,2

, Mubano O. Clement
1
, Tang Luhong

1*
, Wang Honghua

3* 

1
Laboratory of Natural Pharmaceuticals, School of Pharmaceutical Sciences, Jiangnan University, P.R China 

2
School of Medicine and Health Sciences, University of Rwanda, Kigali-Rwanda 

3
Center of Reproductive Medicine, Wuxi Maternity and Child Care Hospital, Wuxi, P.R. China 

*
Corresponding author: Tang Luhong, Laboratory of Natural Pharmaceuticals, School of Pharmaceutical Sciences, 

Jiangnan University, P.R. China, E-mail: tangluhong@msn.com 

Wang Honghua, Center of Reproductive Medicine, Wuxi Maternity and Child Care Hospital, Wuxi, PR China, E-

mail: wxwhh72@163.com 

ABSTRACT 

Gossypol, a herbal polyphenolic compound was reported to exhibit antioxidant, anti-parasitic, lowering plasma 

cholesterol agent, anticancer, anti-microbial, antiviral and antifertility agent but clinical uses of gossypol and its 

derivatives is still attracting more attentions and the complexity of its mechanisms of action are still questionable. 

This review summarizes most of all results of comprehensive studies conducted on anti-spermatogenic activity of 

gossypol obtained from all commonly known and published scientific research websites, journals and books. The 

present research review discussed and re-evaluated critically the published data concerning anti-spermatogenic 

mechanisms of action of gossypol as promising male contraceptive agent highly in need to control male fertility, 

especially trusted based on its biological potentials of therapy and prevention of some human chronic and resistant 

diseases like cancers, and some sexually transmitted infections including Human Immunodeficiency Virus. This 

review is expecting to provide a new and deep understanding on pharmacological and toxicological effects of 

gossypol based on its mechanisms of action supporting the highest emergency need of innovative development of 

gossypol-based multipurpose contraceptives. 
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INTRODUCTION 

Gossypol is a polyphenolic dialdehyde extract isolated from different parts of cotton plants specifically Gossypium sp. 

of the family of Malvaceae, it was lately synthesized as 1,1’; 6,6’; 7,7’-hexahydroxy; 5,5’-disopropyl; 3,3-dimethyl; 2,2’-

binaphtalenyl; 8,8’-dialdehyde (Figure 1) [1,2]. Gossypol showed two isomers and the (-)-gossypol was reported to be more 

biologically active than (+)-gossypol [3] but the limited use of cottonseed oil and meal known to contain some traces of gossypol 

as a dietary source of protein were reported to be toxic to both non-ruminant and monogastric animals [4] particularly, its 

increasing pregnancy loss, decreasing pregnancy rate in females and causing males infertility effects by negatively interfering 

with spermatogenesis in some families using cottonseed oil for cooking have been reported to be related to high free gossypol-

containing diets [5]. 

 

 

Figure 1: Chemical structure of gossypol. 

 

The chemical properties of gossypol showed its high reactivity with either other plant compounds or any functional 

groups to form a complexed or bound gossypol which is actively different from free gossypol known as the most toxic form. The 

phenol groups of gossypol form ethers and esters; whereas the aldehyde groups are highly susceptible either to react with amine 

groups of amino acids, proteins by forming Schiff’s bases or with organic acids compounds to form unstable heat labile products 

[6]. More interestingly, the multiple reactivity of gossypol is sustained by its ability of interchanging its functional groups into 

gossypol tautomeric forms (Figure 2) dependently to the nature of solvents; by reacting as either an aldehyde, ketonoid or 

hemiacetal compound [1,6]. 

 

Furthermore; many research studies related to contraception have showed pharmacological uses of gossypol, especially 

as an oral male contraceptive and vaginal spermicide for fertility regulation from many decades [7]. There has also been reported 

versatile clinical applications of gossypol and its derivatives including anticancer such as breast, prostatic cancer and 

endometriosis [7], antiviral including HIV [8,9] and herpes simplex [10], antimalarial effects [11,12] antioxidant [13,14], 

insecticidal [15] and antimicrobial agent [16] but therapeutic establishment of effective dose levels with guaranteed safety is still 

challenging and limiting clinical uses of gossypol. 
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Figure 2: Tautomeric forms of gossypol. 

 

In fact, cytotoxicity of gossypol showed to be strictly selective to certain animal cells but no genotoxic interactions 

were reported, and recent researches revealed antimetastatic and antiproliferative activities of gossypol and its derivatives in 

various human tumor cells [17] such as prostatic, colon carcinoma and leukemia cells [18], and these could be appreciably useful 

as multipurpose drug as male contraceptive agent with antitumor activities especially when used as anti-spermatogenic agent may 

reduce or prevent risks of prostatic cancers for males as it was reported to inhibit PC-3 human cancer cell lines [19]. However, 

toxicity of gossypol was reported to be mainly based to its high reactive ability of binding macromolecules either before or after 

its absorption in the body through different modes of interfering with enzymes either by binding and/or changing the ionic or 

enzymatic character of its reactive action sites or through reacting with the substrates and blocking the enzymatic activity. 

 

LITERATURE REVIEW 

Toxicity of Gossypol 

Gossypol as a liposoluble compound is readily absorbed from the gastro-intestinal tract [20,21], due to its high affinity 

of binding to amine groups of amino acids or proteins, and readily to iron-containing products [20,22,23] even though the clear 

mechanism of action is not well known, but gossypol renders many amino acids unavailable by the formation of Schiff’s base-

type derivatives as well as additional protein/gossypol interactions [20,23]. It also importantly meddle in enzymatic reactions 

required for many biologic processes such as interfering with the cellular ability to respond to oxidative stress and inhibition of 

oxygen release from hemoglobin [17,21] through which make its conjugation, metabolism, and urinary excretion somehow 

limited, and consequently; gossypol is mostly conjugated in bile and eliminated in the feces [21,24,25]. 

 

The toxic manifestations of gossypol may affect the renal, reproductive, hepatic, cardiac and other organs [25] where 

cardiac necrosis is resulted from acute heart failure caused by prolonged exposure [26], and hyperkalemia associated with heart 

failure resulting from cardiac conduction failure can result in quick death [27]. Gossypol damages the liver cells [28], disturbs 

blood cells and molecules functions leading to hematologic effects 8 like stimulating the apoptosis-like erythrocyte death 

“eryptosis” by increasing intracellular calcium (Ca2+) inducing the activation of Ca2+-sensitive potassium (K+) channels, 

hyperpolarization leading intracellular osmotic pressure and K+ loss (Figure 3) [29] causing to cell shrinkage while increase in 
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Ca2+ concentrations leading to cellular membrane scrambling after exposure and modification of the cellular membrane 

phosphatidylserine [30] possibly contributing to anemia [31]; while reproductive effects affecting spermatogenesis, sperm counts 

and spermatozoal motility through various mechanisms [21,22,32,33] in male animals while in females it showed promoting 

irregular menstruations, pregnancy or embryonic disruption through probable mechanisms including endocrine effects on the 

ovary as well as a direct cytotoxic effect on the uterus during embryonic implantation and development [25]. 

 

 

 

Figure 3: Mechanism of gossypol-induced suicidal erythrocyte death. 

 

In fact, some studies reported the animals exposed to prolonged or excessive ingestion of free gossypol are 

characterized by increasing sensibility to stress, reduced growth and weight gain [34]. However, gastro-intestinal, pulmonary and 

heart failure symptoms have been frequently observed in different animals [22,25,27] but, most of toxic effects of gossypol were 

generally dose and species-dependent. Consequently; gossypol was reported to act as prostaglandins E (PGE) biosynthesis 

stimulating agent [35,36] and Na-K-ATPase inhibitor [37] leading to renal potassium loss thereby causing hypokalemic paralysis 

in some subjects [38,39]; as the mechanistic hypothesis of gossypol-induced hypokalemia cycle is illustrated in Figure 4 which 

was established after some scientific evidences [40,41] in which some studies revealed the short-term supplementation of 

prostaglandins synthetase inhibitors like aspirin or indomethacin to effectively normalize serum potassium and urinary PGE 

levels [35,37]. A very few number of cases of gossypol-induced sterility was reported to be due to a strange interruption of 

spermatogenesis cycle even after a period of gossypol withdrawal [41-44] but he recent clinical studies on human males with low 

dose gossypol concentrations did not display any life-threatening adverse drug effects [45] as the highest dosage that patients 

tolerated after oral ingestion has been proven to be 0.8 mg/kg of body weight/day for 6 weeks [9]. 
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Figure 4: Mechanistic cycle of development of gossypol-induced hypokalemia. 

 

In conclusion, gossypol was only toxic once its high concentrations get into contact with the blood in circulatory 

system; some studies tried to counteract this toxicity either by mixing it with Selenium and Ferrous to alleviate the harmful 

hematological effects [46] or suppressing its aldehyde groups which stimulated much interest in its derivatives resulting from 

changing these groups [21,47]. Recently, some studies showed some interesting synergistic contraceptive effects when gossypol 

is combined with other steroidal hormones [48,49], and topical formulations have also been developed in purpose of avoiding any 

contact of gossypol with circulatory system for a safer use in topical drugs formulations [50,51], and concluded that gossypol 

incorporated into l-ascorbyl palmitate coagel does not penetrate deeper through the skin [52]. On the other hand; gossypol 

revealed to be neither irritant, sensitizing nor presenting any other toxicity once used topically to the monkey and humans for 

contraceptive purpose [21,22]. 

 

Pharmacokinetics and metabolization of gossypol 

The toxicological studies in different laboratory animals [2,53] found out that systemic toxicity of gossypol is dose and 

species-dependent even though the ingested amount and period of exposure mostly increase its toxic effects. It was reported that 

the half-life (T1/2) of a single dose of racemic gossypol in male human is about 10-11 days and (+)-gossypol takes 29 times longer 

than (-)-gossypol [54] whereas dogs received intravenous single injections showed elimination T1/2 and volume of distribution of 

(+)-gossypol to be significantly 5-6 times more than that of (-)-gossypol [55]. After gossypol administration in rats, it was found 

in most major visceral organs and in the brain [56] and some studies concluded that gossypol is metabolized by various 

microsomal enzymes into several metabolites mainly quinones [2]; a great difference in species sensitivity to different effects in 

animals were assumed to be possibly due to differences in metabolism. Many animal studies reported cardiac irregularity leading 

to death either due to slow liberation or weak fixation of oxygen in the blood [57], and the toxicity index could not be specifically 

determined as it highly depends on each animal model [2]. 

 

In fact; metabolism and excretion of gossypol is complex to determine as the parameters are highly species-dependent, 

and its absorption starts in gastro-intestinal tract [2]. By this fact, the assessment of gastric side effects of gossypol was conducted 

during clinical study with gossypol-coated enteric tablets; a great difference in systemic side effects and antifertility effects were 

found out with non-coated tablets, the most important difference in response was apparently due to reduced gastric absorption of 
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the enteric-coated forms [58]. After oral or parenteral administration of gossypol or its analogues, the absorption to the systemic 

circulation was found to be time and species-dependent; the high molecular weight, anionic polar behavior with aromatic rings of 

gossypol make it soluble in biliary secretions, absorbed in intestines mainly excreted via fecal route [55]. 

 

Gossypol containing radioactive carbon-labeled atoms allowed deeper study of excretion through recovery and it has 

interestingly been showed that a large amount of gossypol recovery was obtained from expiration as CO2 [58], and this allowed 

the researchers to conclude that the decarbonylation is a major route of gossypol biodegradation in rats, and estimated that the 

biological half-life of oral radioactive C14 of gossypol in their body was 48 hours but, it was noticed the binaphtalene nuclei of 

gossypol molecule were not degraded and only the formic carbon was metabolized to CO2 [59]. In pigs, the metabolism of C14 

gossypol was approximately the same as the one obtained in rats [60] but the decarboxylation was not the main degradation route 

of gossypol in pigs as indicated that the tissues deposit of gossypol was more than 15 times greater that its expiration recovery 

rate, and the researchers also reported that the higher gossypol toxicity in pigs than in rats might be related to the difference in 

tissues deposition and decarbonylation of gossypol in these species [59]. More interestingly, approximate results were obtained 

by Xue et al., but, it showed that after a single oral administration of radioactive C14-labeled gossypol in rats, the biological half-

life in the body was high in different organs and the maximum peak of radioactivity occurred in 4-9 days of post-administration 

[61,62]. 

 

It has been pointed out that the distribution and excretion of gossypol in rats and monkeys were quite similar, and that 

in rats the half-life of gossypol in the GIT was 9.6 hours, indicating lower rate of absorption [63]. Tang et al., compared the 

metabolism of C14 gossypol in mouse, rats, dogs, and monkeys and found that the pattern of distribution of activity in various 

tissues following a single dose of gossypol was much alike in the four species. Among them, the specific activity of the heart was 

the highest in dogs, whereas in testis was the highest in the rats; the circulatory half-life was the longest in dogs, and the fecal 

excretion was higher in monkeys and rats than in the other two species [55]. Other researchers indicated the greater excretion and 

lesser absorption of gossypol in monkeys than in dogs. The two groups of authors concluded that the discrepancies of the 

metabolism in different species might have important bearing on their differential responses to the antifertility and toxic effects of 

gossypol [64]. 

 

Effects of diets on antifertility and toxic activity of gossypol 

It was surprisingly found out that contraceptive doses of gossypol selectively damaged the spermatogenic cells first and 

left other vital organs even containing the highest concentrations of gossypol comparably to the one obtained in testis; an 

unaffected peaks strongly in favor of a specific vulnerability of the testicular cells to the action of gossypol [63], and co-

administration of ferrous supplements with gossypol reduced tissue deposition, increased fecal excretion, and shortened the half-

life in the body by accelerating the respiratory elimination of gossypol [37]; these might be explained by the postulation that iron 

catalyzes the decarbonylation process of gossypol [58] as iron and proteins form non-absorbable and stable complexes [6]. 

 

It may be worth to mention that magnesium-gossypol complex has been shown to be anti-spermatogenic in rats with 

relatively low toxicity compared with the one played by gossypol alone [65,66]. In addition, selenium [46,67] or external 

potassium [68] supplements showed to counteract hematological effects of gossypol while some vitamins like B6 or E may 

reduce gossypol-induced GIT drug adverse effects [69,70] while promoted binding of free gossypol by promoting microbial 

fermentation with some yeasts or fungi are also promising to reduce its toxic effects [71-74]. Even though, it is not yet well 
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known either if the bound gossypol can be absorbed through the intestines or can be freely released back by the microorganisms 

[75,76] for late biliary glucuronides and sulfates conjugation [77]. 

 

Unfortunately, it is not yet well known if consumption of cottonseed oil can provide any rate of anticancer activities of 

gossypol based on its cytotoxicity and antiproliferative effects as reported in some recent in vivo studies questioning its 

effectiveness against some human prostatic, breast and ovarian cancer cells [66], inhibition of apoptosis and growth of human 

carcinoma cells [78] through different mechanisms including oxidative stress [79] and some others which are still not clearly 

known but systemic toxic effects depending on ingested amount and time of exposure [80-82]. 

 

Toxicokinetics and poisoning of gossypol 

The poisoning effects resulting from animal feeding with high concentration of gossypol were observed in different 

animals such as dogs [83,84], goats [85], chicks [86], sheep [87] and pigs [88], mostly appearing not later than 3 months of 

ingestion [89-93]. The animal studies showed that young animals are more susceptible to gossypol toxic effects than adults [89], 

and monogastric animals like rodents, pigs and birds are very sensitive to gossypol poisoning compared to ruminants animals 

[90,94-96]. The absorption of hazardous concentrations of gossypol showed similar general signs of acute toxicity in all animal 

species mostly such as respiratory distress, weakness, anorexia, reduced body weight gain, kidney and liver damage [89,92,95], 

death which may occur after long-term intoxication [87,97,98]; heart failure was mostly reported in lambs [87], dogs [92] and 

calves [98]; anemia and pneumonia were also observed in some animals. 

 

Moreover, gossypol and its derivatives were reported to be highly hepatotoxic in different animals at different doses 

(Table 1) by causing liver cells degeneration and ascites [99-104]. In some cases, small concentrations of free gossypol promoted 

hepatic lipidosis and increase in gamma glutamyltransferase enzymatic activity [100]; other hepatic ultrastructural changes were 

clearly observed through microscopic studies [88,99,104]. Gossypol easily binds amino acids and minerals such as iron by which 

gossypol-iron complex may inhibit absorption of this ion and some other metal compounds; the iron deficiency may 

consequently stimulate erythropoiesis and erythrocytes fragility [75,105-107] contributing to anemia [108], tissues antioxidant 

effect [109-112] and decreasing cardiac muscles contractions [113]. 

 

Table 1: Some reported gossypol-induced hepatotoxicity in laboratory animals. 

 

Tested animal  Free gossypol dose Administration route  Treatment duration  Reference 

Rats 5-10 mg/kg/BW Intraperitoneal 10 days [103] 

Rats 20 mg/kg/BW Intraperitoneal 10 days [60,103] 

Rats 25 mg/kg/BW Intraperitoneal Single dose [101] 

Rats 25 mg/kg/BW Intraperitoneal Single dose [102] 

Chickens 0.1% in feedstuff oral 21 days [100] 

Broilers 0.4% in feedstuff oral 21 days [99] 

Dogs 4 mg/kg/BW oral ˂10 days [64] 

Monkeys 4 mg/kg/BW oral 24 months [64,114] 

 



Francois et al.,  Der Pharmacia Lettre, 2019, 11 (4): 40-58 

______________________________________________________________________________ 

47 

Scholar Research Library 

Consequently; through studies with different human males [115] and other animal species showed great differences in 

their sensitivity to the antifertility effects of gossypol, and it decreases in order starting from hamsters, rats, pigs, monkeys to 

dogs while rabbits and mice seems to be insensitive [56,64,116-119]. The effective dose for hamsters was about 5-10 mg/kg per 

day for 6-12 weeks, fertility recovery occurred 4-14 weeks after drug withdrawal [117-119] while the effective dose for rats was 

10-30 mg/kg per day for 3-10 weeks, infertility onset and fertility recovery have showed to be dose-dependently ranging between 

3 to 12 weeks [56,116,120,121]. In rats, 5 mg/kg per day for 6 weeks [116] led to infertility but 6 mg/kg per day for 5 weeks 

mostly showed to be ineffective with some individual variations where long-term treatment might cause complete atrophy of the 

testicles seminiferous tissues leading to sterility [122,123] whereas in dogs antifertility doses caused direct death [64,124]. 

 

The rabbits are hardly affected by antifertility effects of gossypol up to 10 mg/kg of body weight per day for 14 weeks 

and even when the same dose prolonged treatment up to 77-250 days did not induce any antifertility effect, neither sperms 

concentration, motility for males nor the pregnancy rate, implantation site for female rabbits were affected but severe toxicity 

resulting in eventual death occurred [119]; the same case, an oral dose of 15-30 mg/kg of body weight per day did not play anti-

spermatogenic effects in male mice but it inhibited pregnancy within 15 days of gestation in female mice and rats [116,118]. 

Monkeys are moderately sensitive to the anti-spermatogenic effects of gossypol, where only a dose of 4 mg/kg per day for 24 

months or 10 mg/kg per day for 6 months completely inhibited spermatogenesis through decreasing the sperms count and 

motility but in reversible way dependently to dose and duration of exposure [54,125] (Table 2). 

 

Table 2: Reported gossypol-induced toxic effects from different animal studies. 

 

Tested animal 

Dose 

(mg/kg/d) 

Treatment 

duration Toxic effects References 

Rats  10-20 6-14 weeks 

-Liver cells damage & necrosis 

[116,118,126] -Digestive troubles 

Rats 25 26 weeks 

-Liver damage  

[127] -Body weight loss  

Rabbits  10-16 14-41 days 

-Deep weight loss 

[128] -Weight loss and death 

Rabbits 20-80 8-84 days 

-Pulmonary and hepatic congestion 

[119] -Limbs paralysis & Death 

Dogs  1.5-5 50-140 days 

-Hepatic and renal congestion 

[124] 

-Pulmonary edema and dyspnea 

-Heart failure causing death 

Dogs 30 18-28 days 

-Severe anorexia and vomiting 

[124] -Cachexia and anemia causing death 

Monkeys 4-12 4-14 months 

-Weight loss 

[129] -Liver swelling 

Monkeys 05-Oct 4 months -No clinico-pathological side effects [64] 

Humans 15-50 ≥ 6 months -Hypokalemia around 0.75%  [56] 

 

In fact; among laboratory animals tested, dogs and rabbits showed to be the least tolerant to gossypol toxicity while the 

monkeys and rats are the most tolerant even though deep studies reported the hamsters to be less tolerant than rats but female 
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hamsters are eventually less tolerant to gossypol compared to males; monkeys tolerate toxicity of gossypol but they are generally 

sensitive to its anti-spermatogenic effects [117,130]. Rats are normally sensitive to anti-spermatogenic activity of gossypol and 

the ordinary antifertility dose of 7.5 mg/kg/day for 12 weeks is non-toxic to rats up to its 5-9 times around 30 mg/kg per day for 

16 weeks reported to cause some hepatic lesions leading to minor cardiac and renal toxic manifestations in few subjects [117]. 

More interestingly; rabbits and dogs are very sensitive to toxic effects of gossypol but not to its anti-spermatogenic dose, most of 

rabbits are still fertile up to their death while for dogs even the small doses induced serious renal, cardiac and hepatic failures 

causing fatal cachexia leading to direct death [64,118,124,128]. 

 

Anti-spermatogenic mechanisms and site of action of gossypol 

It was firstly in 1978, the Chinese researchers investigated effects of gossypol on spermatogenesis and clinical trials of 

its effectiveness as first oral male contraceptive were undertaken [56]. Some emerging investigations on pharmacological 

effective doses were competitively conducted in different parts of the world mainly in china [131-134], Japan [135], and Brazil 

[136,137] as oral male contraceptive agent and intensively studied in vivo as vaginal spermicide in Finland [16]. Through 

highlighting the possible interactions of gossypol with sperms or spermatozoal genetic material as potential direct or indirect 

genotoxic effects involving in male germ cells to clearly understand the mechanistic hypotheses of antifertility effects on males 

[131] without interference with hormonal mechanisms but through direct interactions with sperm cells maturation and production 

[138] especially decreasing sperms motility, counts, and spermatids maturation rather than damaging Sertoli and leyding cells 

[100,138], following by increase in number of abnormal sperms head and morphologies without causing significant hormonal 

disturbances as reported in animal studies and clinical trials [129,137-139]. 

 

The ultrastructure studies have shown that spermatozoa mid-piece is one of the important targets of gossypol as it is 

one of the cellular part rich in mitochondria [9,96,140,141], and this also supported the fact that potential mechanism of gossypol 

is strongly based on mitochondrial uncoupled oxidative phosphorylation by altering sperm cells’ ATP generation cycle and 

inhibiting enzymes involving in acrosomal reaction during spermatozoa maturation [142-144]. More interestingly; in vitro studies 

with low concentrations of gossypol inhibited sperm cells specific enzymes involved not only in oxidative respiratory 

metabolism, glycolysis and spermatozoal capacitation [145] but also binding to tubulin; damaging spermatozoal flagella 

inhibiting its anti-motility [146]. 

 

Furthermore, during the uncoupled oxidative phosphorylation caused by gossypol through spermatozoal respiratory 

inhibition by reducing ATP production [145], the mitochondria was showed to be the most damaged as target cellular organelle 

[37,141,147-152]. Lately, different studies postulated the hypothetic facts of anti-spermatogenic mechanism of gossypol were 

interestingly developed based on the facts that gossypol inhibits Na-K-ATPase activity and lactate dehydrogenase-X (LDH-X) 

which are suggested to be the main molecular and enzymatic sites of gossypol-induced hypokalemia [153] and low incidence of 

irreversible infertility [154] as both of these enzymes exist in mitochondria [152] the same as pyruvate dehydrogenase which is 

also susceptible to inhibition of gossypol and its derivatives [155], and it was also reported to interfere with the synthesis of 

nuclear histones from lysine to arginine-rich transition mechanism during the maturation of late spermatids into spermatozoa as 

an indispensable last step of spermatogenesis [156]. 

 

Some important evidence-based factors contributing to mechanism of action of gossypol were defined by the facts that 

gossypol lowers K+ content of the spermatozoal membrane resulting from inhibition of Na-K-ATPase [37,157], testicular 

ATPase and spermatozoal acrosin [158] and testis-specific LDH-X [149-151], succinyl-CoA synthetase and NAD-isocitrate 
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dehydrogenase [159,160] activities, strong inhibition of utilization of spermatozoal fructose [161] and its cytotoxicity in vitro 

[162] were convincing and allowed to confirm the proposition of Qian et al., by which prostaglandins might be one of the 

strongest substances participating in the anti-spermatogenic mechanism of gossypol [37] and its effects of inducing hypokalemia 

in some subjects after it has been demonstrated that prostaglandin synthetase inhibitors such as aspirin or indomethacin showed a 

strong reversing power of interfering with either anti-spermatogenic, toxic effects or K deficiency caused by gossypol 

administration in few subjects [36,37] which is considered as an individual or species sensitivity (Table 3). 

 

Table 3: Some mechanisms of action on anti-spermatogenic effects of gossypol. 

 

Mechanism of action References 

1. Uncoupling mitochondrial oxidative phosphorylation leading to 

reduced spermatozoal ATP production cycle. 

[49,52,77,84] 

2. Inhibition of testicular and spermatozoal specific LDH-X, 

pyruvate DH, succinyl-CoA synthetase and NAD-isocitrate DH 

enzymes. 

[156,155,159,163] 

3. Impairing spermatozoal and testicular ATPases activity. [160] 

4. Inhibition of spermatozoal acrosin and acrosomal proteinases. [143,158] 

5. Inhibition of nuclear histones synthesis during transition 

mechanism for spermatids maturation and capacitation 

[78,156] 

6. Inhibition of spermatozoal fructose utilization and modifying 

spermatozoal membrane permeability. 

[39,161,164] 

7. Inhibition of spermatozoal metabolism and respiration through 

increasing cAMP/cGMP ratio. 

[164] 

8. Promoting Sertoli cells damages by decreasing formation of 

androgen-binding proteins. 

[165] 

9. Inhibiting spermatozoal motility and damaging cellular flagella by 

binding tubulin. 

[146,161,166] 

10. Increasing renal, plasma and testicular prostaglandins levels. [35,167] 

 

Moreover, the spectrophotometric analysis of DNA of sperm cells from men treated with gossypol revealed no 

detectable genetic changes in overall DNA content [168]; but some highly sensitive techniques have showed that gossypol 

inhibits synthesis of some nuclear proteins and histones which are involved in maintaining the three-dimensional structure of 

sperm-cell DNA and genetic stability [169], also the suspicious possibility of sperm cells’ DNA damages resulting from 

unbalance of ratio between nuclear proteins and DNA was raised even though the influences of these effects are not yet clearly 

understood in human sperm cells [27]; some other mechanisms which may involve in indirect interactions of gossypol with DNA 

such as the ability of gossypol to interfere with cell division by causing alterations of either sperm cells nucleic acids [161] or 

microtubules function [157], and some others processes which may be suspected to alter sperm function and structure have not 

yet been studied for clinical implications. 

 

Difficulties and perspectives of using gossypol as potential male contraceptive agent 

The different studies reported a considerable contraceptive efficacy of gossypol to be higher than 99% even though 

some subjects experienced some adverse drug effects such as hypokalemia, transient muscle fatigue, slight disturbance of FSH, 
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liver and renal impairments but few users claimed permanent infertility which may occur after long-term or high doses use of 

gossypol [139,170]; and the development studies of a non-steroidal male contraceptive agent with lower side effects based on 

gossypol and its derivatives is still going on mostly focusing on low dosage formulations to minimize its toxicity [138,171]. 

 

The general antifertility dose of gossypol has been estimated to be 20 mg daily for more than 2 months [56] but the 

significant variations in lag-times for gossypol to achieve a significant and stable antifertility effect of maintaining human males’ 

semen parameters below the infertility levels. More interestingly; this deep analysis was reported after some studies on Chinese 

men where 30 days was the shortest lag-time [172] and 1.5-4 months [173], and then around 4 months were enough to produce 

the same effects in non-Chinese users [137] while globally, a strange range of 2-9 months was required using low doses of 

gossypol formulations [45]. However, many factors may be contributed to the differences in lag-time, by taking into 

considerations that even though the same doses of gossypol were used but mostly either the body weight of the users or the used 

forms of gossypol which could supply to the body unequal amounts of pure gossypol based on their different molecular weights.  

 

Furthermore, late studies showed that dietary oil enhance gossypol effects as gossypol is liposoluble may be easily 

absorbed by the target tissues while the both forms of chelated gossypol to ferrous cations and bound to proteins counteract the 

antifertility of gossypol [45,174]. Therefore, some difficulties of using gossypol as a male contraceptive in effective and safe way 

lies on the facts that it would be required to determine an appropriate dose of gossypol to be administered to each individual and 

to be thoroughly adjusted according to individual proteins intake as same dose and form of gossypol may produce safe 

antifertility effects to one person taking high proteins and may cause harmful effects once given to another one under low protein 

diet. Consequently, individual dose adjustment and high monitoring of sperms’ fertility parameters such as sperm counts and 

motility, and simultaneous follow up of other vital parameters after each gossypol administration must be closely regulated for 

each user. 

CONCLUSION AND FUTURE RESEARCH DIRECTIONS 

The numerous studies outlined above show that gossypol has preventive and therapeutic potentialities as multipurpose 

contraceptive without hormonal perturbation effects but by mainly by acting on spermatogenic cells, and more interestingly 

acting on various human cancers as a global health threat even though much more further studies focusing on development of its 

appropriate and efficient dosage forms for a trustworthy advanced clinical uses are still in needed. Moreover, more clinical trials 

which involve combinations of gossypol with other hormonal contraceptives or chemotherapeutic agents for synergistic activities 

are encouraged; the application of nanotechnology for gossypol-based drug dosage formulations such as advanced encapsulated 

forms using nano-carriers like nano-liposomes or nano-micelles would be of great significance to improve its potential activities 

better than it was reported before from in vitro to in vivo studies. In fact, even though the male reproductive toxicity is well 

known, there is a huge need of more studies to understand more of its effects on females, and extensive researches are still 

required to develop more efficient and inexpensive technologies to reduce gossypol toxicity for clinical human use. 

 

DISCLOSURE OF INTEREST 

The authors report no conflict of interest. 

 

 

 

 



Francois et al.,  Der Pharmacia Lettre, 2019, 11 (4): 40-58 

______________________________________________________________________________ 

51 

Scholar Research Library 

ACKNOWLEDGMENT 

All acknowledgements go to the School of Pharmaceutical Sciences, Jiangnan University/China, and the Center of 

Reproductive Medicine, Wuxi Maternity and Child Care Hospital (P.R China) for materials provision and research cooperation 

for the accomplishment of this work. 

REFERENCES 

[1]. Edwards JD, Total synthesis of gossypol. J. Am. Chem. Soc. 1958. 80: 3798-3799. 

[2]. Abou, DMB. Physiological effects and metabolism of gossypol. Residue. Rev. 1976. 61: 125-160. 

[3]. Calhoun, MC, Kuhlmann, SW, Baldwin, BC. Assessing the gossypol status of cattle fed cotton feed products. Northwest 

Animal Nutr. Conf. Washington State Univ Pullman WA 1995. 95-101. 

[4]. Randel, RD, Chase, CC, Wyse, SJ. Effects of gossypol and cottonseed products on reproduction of mammals. J. Anim. Sci. 

1992. 70: 1628-1638. 

[5]. Santos, JE, et al., Type of cottonseed and level of gossypol in diets of lactating dairy cows: plasma gossypol, health, and 

reproductive performance. J. Dairy. Sci. 2003. 86: 892-905. 

[6]. Geissman, TA, Adams, R. Structure of gossypol VIII: Derivatives of the ethers of gossypol. J. Am. Chem. Soc. 1938. 60: 

2166-2170. 

[7]. Janero, DR, Burghardt, B. Protection of rat myocardial phospholipids against peroxidative injury through superoxide-

(xanthine oxidase)-dependent, iron promoted Fenton chemistry by the male contraceptive gossypol. Biochem. Pharmacol. 1988. 

37: 3335-3342. 

[8]. Alford, BB, Liepa, GU, Vanbeber, AD. Cottonseed protein: What does the future hold? Plant. Foods. Human. Nutr. 1996. 

49: 1-11. 

[9]. Wang, X, et al., Chapter 6: Gossypol; a polyphenolic compound from cotton plant. Adv. Food. Nutr. 2009. 58: 215-263. 

[10]. Tso, WW, Lee, CS. Cottonseed oil as a vaginal contraceptive. Arch. And. 2009. 8: 11-14. 

[11]. Lin, TS, et al., Anti-HIV-1 activity and cellular pharmacology of various analogs of gossypol. Biochem. Pharmacol. 1993. 

46: 251-255. 

[12]. Bauer, JA, et al., Reversal of cisplatin resistance with a BH3 mimetic, (2)-gossypol, in head and neck cancer cells: role of 

wild-type p53 and Bcl-xL. Mol. Cancer Ther. 2005. 4: 1096-1104. 

[13]. Salamon, S, Polge, C, Wilmut, I. Effects of method of dilution, glycerol concentration, and time of semen-glycerol contact 

on survival of spermatozoa. Aust. J. Biol. Sci. 1973. 26: 231-237. 

[14]. Abou-Donia, BM, Julius, WD. Gossypol: uncoupling of respiratory chain and oxidative phosphorylation. Life. Sci. 1974. 

14: 1955-1963. 

[15]. Bettina, Z, Do Won, H, Lourens, JZ. Postcoital vaginal spermicidal potency of formulations: the Macaca arctoides 

(Stumptailed Macaque) as animal model. Fertil. Steril. 1981. 35: 683-690. 

[16]. Kari, R, Maija, H, Karri, W, Tapani, L. Vaginal contraception with gossypol: a clinical study. Contraception. 1983. 27: 

571-576. 

[17]. Stein, RC, et al., A preliminary clinical study of gossypol in advanced human cancer. Cancer. Chem. Pharm. 1992. 30: 480-

482. 

[18]. Xu, L, et al., Gossypol enhances response to radiation therapy and results intumor regression of human prostate cancer. Mol. 

Cancer Ther. 2005. 4: 197-205. 

[19]. Jin, CL, et al., Preparation of novel (-)-gossypol nanoparticles and the effect on growth inhibition in human prostate cancer 

PC-3 cells in vitro. Exp. Ther. Med. 2015. 9: 675-678. 



Francois et al.,  Der Pharmacia Lettre, 2019, 11 (4): 40-58 

______________________________________________________________________________ 

52 

Scholar Research Library 

[20]. Paz, CM, et al., Transcriptional responses underlying the hormetic and detrimental effects of the plant secondary metabolite 

gossypol on the generalist herbivore Helicoverpa armigera. BMC. Genomics. 2011. 12: 575. 

[21]. Krempl, C, et al., Gossypol toxicity and detoxification in Helicoverpa armigera and Heliothis virescens. Insect. Biochem. 

Mol. Biol. 2016. 78: 69-77. 

[22]. Chenoweth, P, et al., Characterization of gossypol-induced sperm abnormalities in bulls. Theriogenology. 2000. 53: 1193-

1203. 

[23]. Orth, RG, Head, G, Mierkowski, M. Determining larval host plant use by a polyphagous lepidopteran through analysis of 

adult moths for plant secondary metabolites. J. Chem. Ecol. 2007. 33: 1131. 

[24]. Krempl, C, et al., Potential detoxification of gossypol by UDP-glycosyltransferases in the two Heliothine moth species 

Helicoverpa armigera and Heliothis virescens. Insect. Biochem. Mol. Biol. 2016. 71: 49-57. 

[25]. Gadelha, ICN, et al., Gossypol toxicity from cottonseed products. Sci. World. J. 2014. 

[26]. Patton, C, et al., Heart failure caused by gossypol poisoning in two dogs. J. Am. Veter. Med. Assoc. 1985. 18: 625-627. 

[27]. Sieber, SM, Adamson, RA. Toxicity of antineoplastic agents in man: chromosomal aberrations, antifertility effects, 

congenital malformations, and carcinogenic potential. Adv. Cancer. Res. 1975. 22: 57-155. 

[28]. Deoras, D, et al., Effect of gossypol on hepatic and serum γ-glutamyltransferase activity in rats. Veter. Res. Commun. 1997. 

21: 317-323. 

[29]. Lang, PA, et al., Role of Ca2+-activated K+ channels in human erythrocyte apoptosis. Am. J. Physiol. Cell. Physiol. 2003. 

285: 1553-1560. 

[30]. Berg, C, et al., Human mature red blood cells express caspase-3 and caspase-8, but are devoid of mitochondrial regulators 

of apoptosis. Cell. Death. Different. 2001. 8. 

[31]. Zbidah, M., et al., Gossypol-induced suicidal erythrocyte death. Toxicology. 2012. 302: 101-105. 

[32]. Randel, R, Willard, ST, Wyse, SJ, French, LN. Effects of diets containing free gossypol on follicular development, embryo 

recovery and corpus luteum function in Brangus heifers treated with bFSH. Theriogenology. 1996. 45: 911-922. 

[33]. Timurkaan, N, Yilmaz, F, Timurkaan, S. Effects of cottonseed flour on immunohistochemical localization of androgen 

receptors (AR) in rat testes. Revue. de Medecine. Veterinaire. 2011. 162: 13-17. 

[34]. Zhang, WJ, et al., Advances in gossypol toxicity and processing effects of whole cottonseed in dairy cows feeding. 

Livestock. Sci. 2007. 111: 1-9. 

[35]. Xu, Y, Wang, WH, Qian, SZ. Antagonism of antifertility effect of gossypol by aspirin. Acta. Pharmacol. Sinica. 1983. 4: 

122-124. 

[36]. Qian, SZ, Xu, Y, Wu, SY. The anti-spermatogenic effect of gossypol in K-deficient rats. Acta. Pharmacol. Sinica. 1983. 4: 

183-185. 

[37]. Qian, SZ. Effect of gossypol on potassium and prostaglandin metabolism and mechanism of action of gossypol. Rec. Adv. 

Fertil. Regul. 1981. 152-159. 

[38]. Mozsik, G, et al., , Inhibition of Mg2+-Na+-K+-dependent atpase system from human gastric mucosa by prostaglandins E1 

and E2. Eur. J. Pharmacol. 1974. 29: 133-137. 

[39]. Poso, H, et al., Gossypol, a powerful inhibitor of human spermatozoal metabolism. Lancet. 1980. 315: 885-886. 

[40]. Shea-Donohni, PT, et al., Effect of PGE2 on electrolyte and fluid excretion: Evidence of direct tubular effect. Can. L. 

Physiol. Pharmacol. 1979. 57: 1448-1452. 

[41]. Qian, SZ. Participation of prostaglandin in the mechanism of action of gossypol. Arch. Androl. 1982. 9: 36-37. 

[42]. Robinson, JM, Tanphaichitr, N, Bellve, AR. Gossypol-induced damage to mitochondria of transformed sertoli cells. Am. J. 

Pathol. 1986. 125: 484-492. 



Francois et al.,  Der Pharmacia Lettre, 2019, 11 (4): 40-58 

______________________________________________________________________________ 

53 

Scholar Research Library 

[43]. Charan, EC, Boonyawat, S, Kanok, P. Effects of gossypol on human and monkey sperm motility in vitro. Contraception. 

1986. 34: 323-331. 

[44]. Liu, GZ, Segal, SJ. Gossypol: a proposed contraceptive for men-introduction. Plenum New York 1985. 1-5. 

[45]. Gu, ZP, et al., Low dose gossypol for male contraception. Asian. J. Androl. 2000. 2: 283-287. 

[46]. El-Mokadem, M, et al., Counteracting the hematological toxicity of gossypol by using selenium supplementation in rams. 

Small. Rumin. Res. 2013. 114: 86-89. 

[47]. Royer, RE, et al., Synthesis and anti-HIV activity of 1, 1-dideoxygossypol and related compounds. J. Med. Chem. 1995. 38: 

2427-2432. 

[48]. Chang, Q, et al., Drug synergistic antifertility effect of combined administration of low-dose gossypol with steroid 

hormones in rats. Chin. Med. J. 2011. 124: 1678-1682. 

[49]. Jin-Hui, S, et al., Effect of combination regimen of low-dose gossypol acetic acid with steroid hormones on expression of 

protein kinase C alpha (PKC-a) and cyclin D1 in rat testes. J. Reprod. Contracept. 2012. 23: 199-208. 

[50]. Okoampah, A, Tang, L. The effect of incorporating gossypol into L-ascorbyl palmitate coagel on rheological and 

viscoelastic properties. Lat. Am. J. Pharm. 2015. 34: 576-584. 

[51]. Wan, Q, Tang, L. Coagel from L-ascorbyl ibuprofenate: properties, characterization and application. Lat. Am. J. Pharm. 

2015. 34: 1664-1671. 

[52]. Clement, M, Tang, L. Skin penetration of two topical formulations of gossypol, an ex vivo comparative study. Ind. J. 

Pharm. Sci. 2018. 80: 199-204. 

[53]. Berardi, LC, Goldblatt, LA. Gossypol, toxic constituents of plant foodstuffs. Academic Press, I.E. Liener (Edn.). New York 

1969. 210-266. 

[54]. Wu, YW, Chik, CL, Knazek, RA. An in vitro and in vivo study of antitumor effects of gossypol on human SW-13 

adrenocortical carcinoma. Cancer. Res. 1989. 49: 3754-3758. 

[55]. Tang, XC, Zhu, MK, Shi, QX. Comparative study on the absorption, distribution and excretion of C14 gossypol in four 

species of animals. Acta. Pharm. Sinica. 1980. 15: 12-17. 

[56]. NCGMA: National Coordinating Group on Male Antifertility Agents. Gossypol: a new antifertility agent for males. 

Chinese. Med. J. 1978. 4: 417-428. 

[57]. Menaul, P. The physiological effect of gossypol. J. Agric. Res. 1923. 26: 233-237. 

[58]. Abou-Donia, MB, Lyman, CM, Dieckert, LW. Metabolic fate of gossypol: the metabolism of gossypol-14C in rats. Lipids 

1970. 5: 938-946. 

[59]. Skutches, CL, Smith, FH. Metabolism of gossypol, biosynthesized from methyl (C)- and carbosyl (14C) labeled sodium 

acetate in rat. Am. Oil Chem. Soc. 1974. 51: 13-15. 

[60]. Sheweita, SA, et al., Effect of some hypoglycemic herbs on the activity of phase I and II drug-metabolizing enzymes in 

alloxan-induced diabetic rats. Toxicol 2002. 174: 131. 

[61]. Xue, SP, et al., The pharmacokinetics of 14C gossypol acetic acid in rats: I. Whole body and microautoradiographic studies 

on the distribution and fate of l4C gossypol in rat body. Presented at 4th Natl. Conf. Male Antifertil. Agents, Suzhou. 1975. 12: 

179-194. 

[62]. Skutches, CL, Smith, FH. Metabolism of gossypol biosynthesized from methyl (C)- and carbonyl 14C-labeled sodium 

acetate in rat. Am. Oil Chem. Soc. 1974. 5: 13-15. 

[63]. Jensen, DR, Tone, JN, Sorensen, RH, Bozek, SA. Deposited tern of the antifertility agent, gossypol, in selected organs of 

male rats. Toxicology. 1982. 24: 65-72. 

[64]. Sang, GW, et al., Chronic toxicity of gossypol and the relationship to its metabolic fate in dogs and monkeys. Acta. 

Pharmacol. Sinica 1980. 1: 39-43. 



Francois et al.,  Der Pharmacia Lettre, 2019, 11 (4): 40-58 

______________________________________________________________________________ 

54 

Scholar Research Library 

[65]. Wang, NG, et al., The metabolism of gossypol in vivo. Presented at 2nd Natl. Conf. Male Antifertil. Agents 1979 Qingdao. 

Republished in Natl. Med. J. China 1973. 59: 596-599. 

[66]. Shi, CZ, et al., Preparation, antifertility effect and toxicity of Mg-gossypol. Acta. Acad. Med. Wuhan. 1981. 4: 6. 

[67]. EL-Mokadem, MY, et al., Alleviation of reproductive toxicity of gossypol using selenium supplementation in rams. J. 

Anim. Sci. 2012. 90: 3274-3285. 

[68]. Kuming Medical College. 1st Hospital. K balance study on subjects taking gossypol acetic acid. Chin. J. Urol. 1981. 2: 143-

144. 

[69]. Velasquez-Pereira, J, et al., Reproductive effects of feeding gossypol and vitamin E to bulls. J.Anim. Sci. 1998. 76: 2894-

2904. 

[70]. Velasquez-Pereira, J, et al., Effects of gossypol from cottonseed meal and dietary vitamin E on the reproductive 

characteristics of superovulated beef heifers. J.Anim. Sci. 2002. 80: 2485-2492. 

[71]. Zhang, WJ, et al., Effect of selected fungi on the reduction of gossypol levels and nutritional value during solid substrate 

fermentation of cottonseed meal. J Zhejiang Univ B Sci 2006. 7: 690-695. 

[72]. Lim, SJ, Lee, KJ. A microbial fermentation of soybean and cottonseed meal increases antioxidant activity and gossypol 

detoxification in diets for nile tilapia, oreochromis niloticus. J. World. Aqua. Soc. 2011. 42: 494-503. 

[73]. Xu, ZR, Zhao, SH, Sun, JY, Yang, X. Development of a microbial fermentation process for detoxification of gossypol in 

cottonseed meal. Anim. Feed. Sci. Technol. 2007. 135: 176-186. 

[74]. Sun, ZT, Liu, C, Du, JH. Optimisation of fermentation medium for the detoxification of free gossypol in cottonseed powder 

by Geotrichum candidum G07 in solid-state fermentation with response surface methodology. Ann. Microbiol. 2008. 58: 683-

690. 

[75]. Lindsey, TO, Hawkins, GE, Guthrie, LD. Physiological responses of lactating cows to gossypol from cottonseed meal 

rations. J. Dairy. Sci. 1980. 63: 562-573. 

[76]. Kim, HL, Calhoun, MC, Stipanovic, RD. Accumulation of gossypol enantiomers in ovine tissues. Compar. Biochem. 

Physiol. J. Biochem. Mol. Biol. 1996. 113: 417-420. 

[77]. Abou-Donia, MB, Othman, MA, Obih, P. Interspecies comparison of pharmacokinetic profile and bioavailability of (±)-

gossypol in male Fischer-344 rats and male B6C3F mice. Toxicology. 1989. 55: 37-51. 

[78]. Shi, QX, Friend, DS. Gossypol-induced inhibition of guinea pig sperm capacitation in vitro. Biol. Reprod. 1983. 29: 1027-

1032. 

[79]. Keith Wolter, G, et al., Gossypol inhibits growth and promotes apoptosis of human head and neck squamous cell carcinoma 

in vivo. Neoplasia. 2006. 8: 163-172. 

[80]. El-Mokadem, MY, et al., Counteracting the hematological toxicity of gossypol by using selenium supplementation in rams. 

Small. Ruminant. Res. 2013. 114: 86-89. 

[81]. El-Nockrashy, AS, Lyman, CM, Dollahite, JW. The acute oral toxicity of cottonseed pigment glands and intraglandular 

pigments. J. Am. Oil. Chemists. Soc. 1963. 40: 14-17. 

[82]. Ivana, CNG, et al., Gossypol toxicity from cotton seed products. Sci. World. J. 2014. 23: 31-35. 

[83]. West, JL. Lesions of gossypol poisoning in the dog. J. Am. Veter. Med. Ass. 1940. 96: 74-76. 

[84]. Uzal, FA, et al., Gossypol toxicosis in a dog consequent to ingestion of cottonseed bedding. J. Veter. Diagn. Investig. 2005. 

17: 626-629. 

[85]. Anderson, M, East, NE, Lowenstine, LJ. Apparent gossypol-induced toxicosis in adult dairy goats. J.Am. Veter. Med. Assoc. 

1994. 204: 642-643. 

[86]. Henry, MH, Pesti, GM, Brown, TP. Pathology and histopathology of gossypol toxicity in broiler chicks. Avian. Dis. 2001. 

45: 598-604. 



Francois et al.,  Der Pharmacia Lettre, 2019, 11 (4): 40-58 

______________________________________________________________________________ 

55 

Scholar Research Library 

[87]. Morgan, S, et al., Clinical, clinicopathologic, pathologic, and toxicologic alterations associated with gossypol toxicosis in 

feeder lambs. Am. J. Veter. Res. 1988. 49: 493-499. 

[88]. Haschek, WM, et al., Cottonseed meal (gossypol) toxicosis in a swine herd. J. Am. Veter. Med. Assoc. 1989. 195: 613-615. 

[89]. Soto-Blanco, B. Gossipol e fatores antinutricionais da soja. Toxicologia Aplicada `a MedicIna VeterIn´aria (Eds.) Manole, 

Barueri, Brazil 2008. 531-545. 

[90]. Eagle, E. Effect of repeated doses of gossypol on the dog. Arc. Biochem. 1950. 26: 68-71. 

[91]. Patton, CS, et al., Heart failure caused by gossypol poisoning in two dogs. J. Am. Veter. Med. Assoc. 1985. 187: 625-627. 

[92]. Kerr, LA. Gossypol toxicosis in cattle. Compendium on Continuing Education for the Practising Veterinarian 1989. 11: 

1139-1146. 

[93]. Gadelha, ICN, et al., Efeitos do gossipol na reproduc¸ ao animal. Acta. Veterinaria. Brasilica. 2011. 5: 129-135. 

[94]. Kenar, JA. Reaction chemistry of gossypol and its derivatives. J. Am. Oil. Chem. Soc. 2006. 83: 269-302. 

[95]. Alexander, J, et al., Gossypol as undesirable substance in animal feed. EFSA. J. 2008. 908: 1-55. 

[96]. Bozek, SA, Jensen, DR, Tone, JN. Scanning electron microscopic study of spermatozoa from gossypol treated rats. Cell. 

Tiss. Res. 1981. 219: 659-663. 

[97]. Rogers, PAM, Henaghan, TP, Wheeler, B. Gossypol poisoning in young calves. Irish. Veter. J. 1975. 29: 9-13. 

[98]. Holmberg, CA, et al., Pathological and toxicological studies of calves fed a high concentration cotton seed meal diet. Veter. 

Pathol. 1988. 25: 147-153. 

[99]. Kakani, R, et al., Relative toxicity of cottonseed gossypol enantiomers in broilers. Open. Toxicol. J. 2010. 4: 26-31. 

[100]. Wang, Y, Lei, HP. Hepatotoxicity of gossypol in rats. J. Ethnopharmacol. 1987. 20: 53-64. 

[101]. Randel, RD, et al., Effects of diets containing free gossypol on follicular development, embryo recovery and corpus luteum 

function in brangus heifers treated with bFSH. Theriogenology. 1996. 45: 911-922. 

[102]. Saksena, SK, et al., Gossypol: Its toxicological and endocrinological effects in male rabbits. Contraception. 1981. 24: 203-

214. 

[103]. Chang, MC, Gu, ZP, Saksena, SK. Effect of gossypol on the fertility of male rats, hamsters and rabbits. Contraception. 

1980. 21: 461-469. 

[104]. Hahn, DW, Rusticus, C, Homn, R, Johnson, AN. Antifertility and endocrine activities of gossypol in rodents. 

Contraception. 1981. 24: 97-105. 

[105]. Wang, YE, Luo, YD, Tang, XC. Studies on the antifertility action of cottonseed meal and gossypol. Presented at 1st Natl. 

Conf. Male Antifertil. Agents, Sept, Wuhan. Republished 1979 Acta Pharm. Sinica 1972. 14: 662-669. 

[106]. Zhang, WJ, et al., Advances in gossypol toxicity and processing effects of whole cottonseed in dairy cows feeding. 

Livestock. Sci. 2007. 111: 1-9. 

[107]. Mena, H, et al., The effects of varying gossypol intake from whole cottonseed and cottonseed meal on lactation and blood 

parameters in lactating dairy cows. J. Dairy Sci. 2004. 87: 2506-2518. 

[108]. Zbidah, M, et al., Gossypol-induced suicidal erythrocyte death. Toxicology. 2012. 302: 101-105. 

[109]. Janero, DR, Burghardt, B. Protection of rat myocardial phospholipid against peroxidative injury through superoxide-

(xanthine oxidase)-dependent, iron-promoted fenton chemistry by the male contraceptive gossypol. Biochem. Pharmacol. 1988. 

37: 3335-3342. 

[110]. Fornes, MW, Barbieri, AM, Burgos, MH. Sperm motility loss induced by gossypol: relation with OH scavengers, motile 

stimulators and malondialdehyde production. Biochem. Biophys. Res. Commun. 1993. 195: 1289-1293. 

[111]. Peyster, A, et al., Oxygen radical formation induced by gossypol in rat liver microsomes and human sperm. Biochem. 

Biophys. Res. Commun. 1984. 118: 573-579. 



Francois et al.,  Der Pharmacia Lettre, 2019, 11 (4): 40-58 

______________________________________________________________________________ 

56 

Scholar Research Library 

[112]. Kovaci, P. Mechanism of drug and toxic actions of gossypol: focus on reactive oxygen species and electron transfer. Curr. 

Med. Chem. 2003. 10: 2711-2718. 

[113]. Huang, WM, Urthaler, F. The direct negative inotropic effect of gossypol. J. Ethnopharmacol. 1986. 17: 31-36. 

[114]. El-Sharaky, AS, et al., Spermatotoxicity, biochemical changes and histological alteration induced by gossypol in testicular 

and hepatic tissues of male rats. Food. Chem. Toxicol. 2010. 48: 3354-3361. 

[115]. Deoras, DP, et al., Effect of gossypol on hepatic and serum γ-glutamyltransferase activity in rats. Veter. Res. Commun. 

1997. 21: 317-323. 

[116]. Fonseca, NBS, et al., Effectiveness of albumin-conjugated gossypol as an immunogen to prevent gossypol-associated 

acute hepatotoxicity in rats. Food. Chem. Toxicol. 2013. 56: 149-153. 

[117]. Blevins, S, et al., Effects of silymarin on gossypol toxicosis in divergent lines of chickens. Poultry. Sci. 2010. 89: 1878-

1886. 

[118]. Xue, SP. Studies on the antifertility effect of gossypol, a new contraceptive for males. Contraception. 1981. 16: 122-146. 

[119]. Wu, DF. An overview of the clinical pharmacology and therapeutic potential of gossypol as a male contraceptive agent 

and in gynaecological disease. Drugs. 1989. 38: 333-341. 

[120]. Zhang, YG, Shi, QX. Antifertility effect of gossypol on male rats. Presented at 1st Natl. Conf. Male Antifertil. Agents, 

Sept, Wuhan. Republished in Zhejiang. J. Med. 1980. 2: 56-57. 

[121]. Chang, CC, Gu, ZP, Tsong, YY. Studies on gossypol: I. toxicity, antifertility, and endocrine analysis in male rats. Int. J. 

Fertil. 1982. 27: 213-218. 

[122]. Zhou, LF, Lei, HP. Recovery of fertility in rats after gossypol treatment. Contraception. 1981. 15: 147-151. 

[123]. Dai, RX, Pan, SY. Studies on the antifertility effect of gossypol: VI. Observations of testicular atrophy of rats administered 

gossypol for long-terms. Acta. Exp. Biol. Sinica. 1980. 13: 192-199. 

[124]. Jiangsu Coordinating Group for Male Antifertility Agents. Studies on the repeated dose toxicity of gossypol in dogs. 

Presented at 1st National Conference for Male Antifertility Agents, Wuhan 1972. 

[125]. Shandilya, LH, et al., Effect of gossypol on reproductive and endocrine functions of male cynomolgus monkey. Biol. 

Reprod. 1982. 27: 241-252. 

[126]. Gafvels, M, et al., Toxic Effects of the antifertility agent gossypol in male rats. Toxicology. 1984. 32: 325-333. 

[127]. Heywood, R, et al., The toxicity of gossypol to the male rat. Toxicology. 1986. 40: 279-284. 

[128]. Shandong Coordinating Group for Male Antifertility Agents. Repeated-dose toxicity of gossypol in rabbits. Presented at 

2nd Natl. Conf. Male Antifertil. Agents, Qingdao 1973. 

[129]. Kalla, NR, et al., Ultrastructure of monkey (Macaca Radiata) spermatozoa: effect of gossypol in vivo. Urologica. Res. 

1986. 14: 247-252. 

[130]. Wu, YM, Chappel, SC, Flickinger, GL. Effect of gossypol on pituitary-ovarian endocrine function, ovulation and fertility 

in female hamster. Contraception. 1981. 24: 259-268. 

[131]. Qian, ZS, Wang, ZG. Gossypol: a potential antifertility agent for males. Annu. Rev. Pharmacol. Toxicol. 1984. 24: 329-

360. 

[132]. Liu, GZ, Lyle, KC, Cao, J. Clinical trial of gossypol as a male contraceptive drug, part I.: efficacy study. Fertil. Steril. 

1987. 48: 459-461. 

[133]. Xu, D, et al., Clinical safety of long-term administration of gossypol in 32 cases. Contraception. 1988. 37: 129-135. 

[134]. Meng, GD, et al., Recovery of sperm production following the cessation of gossypol treatment, a two centre study in 

China. Int. J. Androl. 1988. 11: 1-11. 

[135]. Hoshiai, H, et al., Gossypol as oral contraceptive for male: clinical trial case report. Tohoku. J. Exp. Med. 1982. 138: 275-

280. 



Francois et al.,  Der Pharmacia Lettre, 2019, 11 (4): 40-58 

______________________________________________________________________________ 

57 

Scholar Research Library 

[136]. Coutinho, et al., Anti-spermatogenic action of gossypol in men. Fertil. Steril. 1984. 42: 424-430. 

[137]. Coutinho, EM, Melo, JF. Clinical experience with gossypol in non-Chinese men. Contraception. 1988. 37: 137-151. 

[138]. Frick, J, Kalla, NR. Clinical studies with gossypol. Acta. Europ. Fertil. 1990. 21: 99-100. 

[139]. Zhong, QZ, et al., Study on sperm function in men long after cessation of gossypol treatment. Contraception. 1990. 41: 

617-622. 

[140]. Coutinho, EM. Gossypol: A contraceptive for men. Contraception. 2002. 25: 215-223. 

[141]. Nadakavukaren, MJ, Sorensen, RH, Tone, JN. Effect of gossypol on the ultrastructure of rat spermatozoa cell. Tissue. Res. 

1979. 204: 293-296. 

[142]. Meksongsee, LA, Clawson, AJ, Smith, FH. The in vivo effect of gossypol on cytochrome oxidase, succinoxidase, and 

succinic dehydrogenase in animal tissues. J. Agr. Food. Chem. 1970. 18: 917-920. 

[143]. Johnsen, O, Mas Diaz, J, Eliasson, R. Gossypol; a potent inhibitor of human sperm acrosomal proteinase. Int. J. Androl. 

1982. 5: 636-640. 

[144]. Dodou, K. Investigations on gossypol: past and present developments. Expert. Opin. Investig. Drugs. 2005. 14: 1419-1434. 

[145]. Tso, WW, Lee, CS. Gossypol uncoupling of respiratory chain and oxidative phosphorylation in ejaculated boar 

spermatozoa. Contraception. 1982. 25: 649-655. 

[146]. Kaminsky, R, Zweygarth, E. Feeder layer-free in vitro assay for screening antitrypanosomal compounds against 

Trypanosoma brucei brucei and T.b. evansi. Antimicrob. Agents. Chemoth. 1989. 33: 881-885. 

[147]. Shao, TS, et al., Cytological, cytochemical and ultrastructural observation on the human sperm following gossypol 

administration. Acta. Anat. Sinica. 1982. 13: 201-205. 

[148]. Hoffer, AP. Ultrastructural studies of spermatozoa and the epithelial lining of the epididymis and vas deferens in rats 

treated with gossypol. Arch. Androl. 1982. 8: 233-246. 

[149]. Feng, ZQ. Effect of gossypol on human sperm, an electronmicroscopic study. Presented at 4th Natl. Conf. Male Antifert. 

Agents, Suzhou 1975. 

[150]. Hang, ZB, et al., Electronmicroscopic observation of the effect of gossypol on human spermatozoa. Acta. Anat. Sinka. 

1980. 11: 299-302. 

[151]. Oko, R, Hrudka, F. Segmental aplasia of the mitochondrial sheath and sequelae induced by gossypol in rat spermatozoa. 

Biol. Reprod. 1982. 26: 183-186. 

[152]. Xue, SP, et al., Subcellular target site of antifertility effect of gossypol and its hypothetical action mechanism. Sci. Sinica. 

B. 1982. 12: 1095-1108. 

[153]. Bi, XF, et al., Effect of gossypol on renal Na-K-ATPase activity. Sci. Sinica. 1980. 9: 914-919. 

[154]. Lee, CY, Mailing, HV. Selective inhibition of sperm-specific LDH-X by an antifertility agent, gossypol. Fed. Proc. 1981. 

40: 71-78. 

[155]. Adeyemo, O, et al., Gossypol action on the production and utilization of ATP in sea urchin spermatozoa. Arch. Androl. 

1982. 9: 343-349. 

[156]. Chen, XM, et al., Gossypol effect on synthesis and turnover of basic nucleoprotein in spermatids of rat. Acta. Anat. Sinica. 

1982. 13: 193-200. 

[157]. Tso, WW, Lee, CS. K+ leakage: not the cause of gossypol induced antimotility in spermatozoa. Int. Androl. Suppl. 1982. 

5: 53-70. 

[158]. Tso, WW, Lee, CS. Gossypol: An effective acrosin blocker. Arch. Androl. 1982. 8: 143-147. 

[159]. Tso, WW, Lee, CS, Tso, YW. Sensitivity of various spermatozoal enzymes to gossypol inhibitor. Arch. Androl. 1982. 9: 

31-32. 



Francois et al.,  Der Pharmacia Lettre, 2019, 11 (4): 40-58 

______________________________________________________________________________ 

58 

Scholar Research Library 

[160]. Kalla, NR, Wei, JFT. Effect of gossypol acetic acid on respiratory enzymes in vitro. IRCS. Med. Sci. Biochem. 1981. 9: 

792. 

[161]. Medrano, FJ, Andreu, JM. Binding of gossypol to purified tubulin and inhibition of its assembly into microtubules. Eur. J. 

Biochem. 1986. 158: 63-69. 

[162]. Ye, WS, Liang, JC, Hsu, TC. Toxicity of a male contraceptive, gossypol, in mammalian tissue. In Vitro. 1983. 19: 53-57, 

9: 792. 

[163]. Stephens, DT, et al., Kinetic characteristics of gossypol inhibition of purified cynomologus monkey LDH isoenzymes. J. 

Androl. Supp. 1985. 6: 51-54. 

[164]. Wang, ZG, et al., Studies on the mechanism of gossypol action. Bull. Sci. China. 1983. In press. 

[165]. Zhuang, LZ, et al., Effect of gossypol on rat Sertoli and Leydig cells in primary culture. Int. J. Androl. 1983. 63: 79-84. 

[166]. Wichmann, K, et al., Effect of gossypol on the motility and metabolism of human spermatozoa. Reproduction. 1983. 69: 

259-264. 

[167]. Ye, GC, et al., Effect of large dose of PGE on spermatogenesis and tissue PG levels in rats. Acta. Pharm. Sinica. 1983. 18: 

406-410. 

[168]. Wu, K, Liu, H, Chang, H. Cytophotometric studies on the effect of gossypol on the DNA content in sperm of man. Acta. 

Acad. Med. Sichuan. 1980. 11: 127-129. 

[169]. Teng, CS, Fei, RR. The effects of gossypol on nuclear protein in rat testes, II. The synthesis of histones and testis-specific 

proteins after gossypol treatment. Contraception. 1988. 37: 291-299. 

[170]. Han, ML, et al., Gossypol in the treatment of endometriosis and uterine myoma. Contracep. Gynecol. Obstet. 1987. 16: 

268-270. 

[171]. Woolley, RJ. Contraception: A look forward, part II-mifepristone and gossypol. J. Am. Board Fam. Pract. 1991. 4: 103-

113. 

[172]. Yu, CZ, et al., Male antifertility agent, gossypol acetic acid ± a summary of 590 cases. Document of Male Antifertility 

Agent ± Gossypol, Gossypol Acetic Acid and Gossypol Formic Acid (1971-1979). (Ed. Shandong Institute of Traditional 

Chinese Medicine), Jinan 1980. 340-351. 

[173]. NCTCSGMAD (National Collaborative Team on the Clinical Study of Gossypol as Male Antifertility Drug). The clinical 

study of gossypol in 8,806 men. Reprod. Contracept. 1985. 5: 5-11. 

[174]. Yu, ZH, Huang, HY, Zhang, XD. Diets influence the effect of gossypol on rat spermatozoa. Chin. J. Physiol. Sci. 1994. 

10: 53-58. 


