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Summary. The present investigations were carried out to 
show the histological and ultrastructural alterations in rat 
testes 10 weeks after gossypol acetic acid treatment (dose: 
30 rag gossypol acetic acid/kg/day). The morphological 
findings in the interstitial compartment were compared with 
the data from studies carried out to investigate the testos- 
terone biosynthesis in gossypol acetic acid treated rats. No 
morphological changes in the epididymal and vasal epithelia 
were found; however, the germinal epithelial cells showed 
vacuollsation, pycnosis, disconnections of  junctions, cyto- 
lysis and exfoliation of germ cells from the epithelium. The 
Sertoli cells were affected, too. Gossypol acetic acid seemed 
to stimulate the physiological activity pathologically; cellular 
organelles as mitochondria, endoplasmic reticulum, lyso- 
somal vacuoles, pigment granules and nuclei were either 
enlarged in size and number or malformed in shape. The 
cellular contact was often restricted to spots or completely 
disconnected. If  gossypol acetic acid was administered for a 
longer period of time some Sertoli cells were found to be 
unable to withstand the toxic stimulus, and the cells became 
necrotic too. In Contrast to the toxic processin the germinal 
and Sertoli cells the Leydig cell compartment did not show 
any changes in free structure, and therefore testosterone 
biosynthesis is presumed to be intact. 

Key words: Gossypol acetic acid (GAA), Germinal ephithe. 
lium, Sertoli cell, Leydig cell. 

Introduction 

Considerable interest in gossypol, a phenolic compound iso- 
lated from cotton seeds, as a male antifertility agent has 
arisen around the world since the paper of  Chinese scientists 
[18] was published. 

In the recent numerous experiments have been carried 
out to establish the metabolical and physiological principles 
of  this drug [1, 6, 13, 5, 14, 19, 14b, 20, 22, 26, 27]. 

In summary, the present literature confirms the capacity 
of  gossypol acetic acid (GAA) to induce infertility in male 
animals; however, the precise mechanism of action is not 
clear. Antifertflity efficacy of GAA has been reported to be 
dose and time dependent [18, 4, 22, 26]. According to 
reports of  Hoffer [11 ], Bardin [2], Wang [25] and Xue [28] 
GAA did not interfere with the intact pituitary-gonadal 
hormonal axis. In contrast, disturbances of  the hormonal 
axis were, however, found by Hadley [9] and I_in [16]. 

The present investigations were carried out to show the 
histological and ultrastructural alterations in rat testes 10 
weeks after GAA-treatment (dose: 30 mg GAA/kg/day). 
The morphological findings in the interstitial compartment 
were compared with the data from studies carried out to 
investigate testosterone biosynthesis in GAA-treated rats. In 
one of our previous communications we have reported the 
proven infertility of GAA-treated rats [26]. 

Materials and Methods 

GAA powder (supplied by courtesy of Dr. Sheldon Segal, Rockefeller 
Foundation, New York, USA) was suspended in 1% aequous carboxy- 
methyl cellulose-NA solution and applied orally to 20 male Wistar 
rats (260-420 g body weight) by stomach intubation. Ten animals 
were fed with suspendant only (Placebo group) and nine animals 
were used as an untreated control group. The animals were caged 
singly under standard conditions (24 °C room temperature, 12:12 
dark: light interval). A commercial diet (AltrominR-H)and water 
were available ad libitum. GAA was kept in a brown bottle at 4 °C, 
and exposed to light for as short a time as possible because of its 
photosensitivity. The suspension was thoroughly agitated each time 
before filling the syringe. Fresh suspensions were prepared daily 
because there is evidence that gossypol might be unstable over an 
extended period of time. 

At certain intervals the fertility rate of the experimental and 
control animals was proved by matings with females of proven fertil- 
ity. The mating time was 14 days. For body-weight calculations the 
animals were weighed twice a week throughout the experimental 
period. 

On the 43rd day of the experiment two animals of each group 
were vasectomized unilaterally under ether inhalation anaesthesia. 
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Fig. 1. A weakly GAA affected tubule  showing the  normal  progress o f  spermatogenesis  except  spermiation. The luminal  space is filled with 
detached germinal cells (magn.: 160 :1 )  

Fig. 2 - 4 .  Progressive steps o f  epithelial disarrangement  and  tubular  wall condensat ion (magn.: 800 : 1) 

Abbreviations: Ac = Acrosomal  complex,  AL = Annula tae  lamellae, aL = autophagic lysosome, BL = Basal lamina, C] = Cell junct ion ,  cM = 
convoluted Membrane,  cMt = condensed Material, dCe = distal Centriol, Ep = End piece, Er = Endoplasmic ret iculum, Erc= Endoplasmic re- 
t i cu lum cysternae,  eSpd = early Spermatid,  F1 = Flagellum 1, F2 = Flagellum 2, Fc = Fibrocyte,  Gr = Granule, Gs = Golgi system,  lcs= Inter- 
cellular space, Lpd = Lipid droplet ,  LSpd = Later Spermatid,  Ly = Lysosome,  Mi = Mitochondria,  Mp = Middle piece, N = Nucleus, nSpc = 
necrot ic  Spermatocyte ,  pAr = pos t  Acrosomal  ring, pCe = proximal  Centriol,  PiGr = Pigment  Granule,  pNc = post  Nuclear cuff,  rEr = rough 
Endoplasmic  re t iculum,  sMc = smoo th  Muscle cell, Spc = Spermatocyte ,  Spg = Spermatogonium,  Stc = Sertoli cell, Stcn = Sertoli cell nucleus,  
Tw = Tubular  wall, Va = Vacuole 

Vital and stained smears o f  the  outdropping  seminal fluid were pre- 
pared to evaluate the  moti l i ty  rate and  the  morphological  appearance 
o f  the  spermatozoa.  

After  cessation o f  t r ea tmen t  on day  70 the  animals were anaes- 
thesized by  e ther  inhalation. Blood was taken b y  cardiac puncture ,  
centr ifuged and the serum was used for ho rmone  analysis (testoster- 
one,  LH and FSH). The ho rmone  analyses for tes tos terone and for 
LH and FSH were run  in duplicate and in triplicate for the  gonado- 
tropins.  The reproductive organs were carefully excised, weighed, 
and prepare d for histological and electron microscopical  investiga- 
t ions.  

For  light microscopy parts o f  the  reproductive organs were f ixed 
in Boulin 's  solution and after dehydrat ion embedded  in paraffin. 
The sections ( 6 - 8  t~m) were stained either in Azan or in Hematoxyl in-  
Eosin. 

For  electron microscopy small pieces were f ixed in 1.5% glutar- 
dialdehyde, buffered in 175 mM cacodylate-NA solution (pH 7.3) 
for 1 h. Postf ixat ion was done in a 1% aequous  solution o f  OsO 4 for 
2 h. After  stepwise dehydrat ion in e thanol  the  samples were embed- 
ded in Epon  R epoxy resin. Semithin and ut t ra thin sections were 
prepared on the Reichert  micro tome OM U3. The stained ul t ra thin 
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Fig. 7. Middle part of Sertoli cell. Giant and electron dense lipid droplets (Lpd) are found in conjunction with numerous mitoehondria. The 
endoplasmic retieulum (Erc) has disintegrated in single cysternae. The enclosed spermatid (LSpd) does not show malformations in its fine 
structure (magn.: 12,000 : 1) 

Fig. 8. The formation of giant and characteristically arranged mitochondria is probably a consequence of an intensified lipoid synthesis (magn.: 
12,000 : 1) 
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sections (uranyl acetate, lead citrate) were examined on a Philips 300 
electron microscope. 

Results 

Electron Microscopical Findings. Electron microscopical 
investigations were carried out on tubules previously de- 
scribed to be weakly affected. The tubules are surrounded 
by a smooth muscle layer, and one or two layers of fibro- 
cytes (Fig. 5). The basal lamina appears to be condensed. 

Histology o f  the Testis 

Light Microscopical Findings. The histology of the testes of 
gossypol treated animals (30 mg GAA/kg/day for 70 days) 
appears quite variable. A large number of tubules show a 
histological arrangement comparable to controls. All stages 
of spermatogenesis are present, and normal spermatogenesis 
is indicated by convoluted spermatozoa in the lumen of the 
tubules. Close to these normal-shaped tubules, many tubules 
are characterised by a progressive necrosis up to the com- 
plete dissolution of the germinal epithelium (Fig. 1). 

In weakly affected tubules spermatogenesis reaches the 
step of (or leads to) later spermatids. The processes of cell 
elongation, nuclear chromatin condensation, acrosome 
complex formation and the forming of the axial complex of 
flagella are similar to controls and do not show any malfor- 
mations. Nevertheless, in these tubules spermatogenesis was 
never seen. No free spermatozoa were found in the luminal 
space. The tubular lumen is filled with cells detached from 
the germinal epithelium (Fig. 1). 

In severely affected tubules the intercellular contact 
between Sertoll cells and germinal cells seems to be broken. 
Accumulations of dark and coarse granules were found both 
in the Sertoli cells and germinal cells. The single-lying sper- 
matocytes of the pachytene stage appear either enlarged in 
size or show the typical state of cellular necrosis, indicated 
by their shrinkage and nuclear content condensation (Figs. 
2 and 3). 

The last step of epithelial necrosis is characterised by 
complete dissolution of germinal and Sertoli cells, and 
furthermore no distinct epithelial arrangements is still dis- 
cernible (Fig. 4). At this stage of damage the tubular wall 
becomes flbrotic (Figs. 3 and 4). 

• Fig. 9, 10. Initial steps o f  electron dense granule formation. Dark 
granules are formed by enzymatic digestion of  worn out cellular 
organelles as mitoehondria (Mi) and endoplasmie retieulum lamellae. 
The granules are preferentialy stored in the apical and basal region 
o f  the Sertoli cell (magn.: 9 = 31,000:1;  10 = 12,00:1)  

Fig. 11. Germinal cells like spermatocytes (nSpe) show a progressive 
necrosis o f  nuclei and lytic processes of  cytoplasm. The cell to cell 
junct ions are confined to small areas, and the intercellular spaces 
appear dilated. In Sertoli cells a variation of  endoplasmic reticulum, 
the "Annulatae lamellae" (AL) was found (magn.: 4,600 : 1) 

Fig. 12. Large lipid droplets (Lpd) and autophagic digestion of  cellu- 
lar organelles characterise the GAA affected Sertoli cell. In contrast, 
the later spermatids do not  show alterations in their fine structure 
(magn.: 14,000:1) 

Tubular Epithelium 

Sertoli Cells. Nearly all Sertoli cells show remarkable alter- 
ations in their fme structure. Primarily oval-shaped nuclei 
become polymorphous. Normally formed mitochondria of 
the tubular type are transformed to giant organelles with an 
irregular matrix structure. The organelles are arranged in a 
screwed and/or cyclic pattern (Figs. 5, 6 and 8). 

The smooth endoplasmic reticulum is extended to wide 
cisternae, and demonstrates large vacuoles, largely accumu- 
lating in the basal and apical region of the cell (Figs. 6, 13 
and 22). Frequently the stacks of lamellae are perforated 
similarly to the nuclear membrane. This special form of 
endoplasmic reticulum is referred to as "annulatae lamellae". 
Its distinct physiological function is not yet clear (Figs. 11 
and 14). In close conjunction with the formation of giant 
mitochondria an intensified lipoid synthesis can be shown. 
Large lipid vesicles are irregularly scattered over the Sertoll 
cells. Their high osmophilic content (black-coloured) indi- 
cates the presence of unsaturated fatty acids (liquid lipids), 
the low osmophilic matrix points to siccated fats (deposit 
lipids: Figs. 6, 7 and 12). Obviously, the metabolic processes 
in the Sertoli cells are stressed. These facts imply an inten- 
sifted abrasion of cellular organelles, and the formation of 
autophagic lysosomes (Figs. 9-11 and 21). Most of these 
lysosomes are stored as electron dense granules preferentially 
accumulating in the apical region of the cell (Figs. 9 and 
15). These abnormalities are comparable to processes in 
ageing cells. Furthermore, the cellular contacts (desmo- 
somes) are either restricted to a few and spotlike areas or 
completely dissolved. 

Germinal Cells. The morphological appearance of germinal 
cells depends on the extent of damage to the cell to cell 
junctions to Sertoli cells. In the case of more or less intact 
junctions the germinal cell fine structure does not differ 
from that of control sections (Figs. 13 and 14). If the cellu- 
lar contact is confmed to small desmosomic spots shrinkage 
processes, rudimentary nuclei, vacuolated endoplasmic retie- 
ulum, storage of granules and polynucleation in spermatids 
indicate the progressive necrosis in germinal cells. Most of 
these damaged cells are delivered to the luminal space and 
digested by heterophagic lysosomes, produced in Sertoli 
cells (Figs. 16-20 and 22). 

Transformations are found particularly in later sperma- 
tids. The perinuclear microtubular cuff is sometimes formed 
asymetrically, while the acrosomal complex and the head 
membrane system do not show any malformations (Fig. 21). 
The mitochondrial chain of the middle piece is hardly af- 
fected. The matrix of the organelles appears vacuolated, 
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Figs. 13 and 14. A considerable number of spermatogonia (13) and early spermatids (14) was found to be unaffected in the fine structure, but  
the beginning of cell junction dissolvement is already evident (magn.: 5,800: 1) 

Fig. 15. Depot granules in the apical region of Sertoli cells (magn.: 12,000: 1) 

Fig. 16. Shrinking processes of spermatogonial cytoplasm restrict cell junctions to small spots while the intercellular spaces appear more and 
more extended (magn.: 3,200:1) 
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Fig. 17-20 .  Many germinal cells and portions of Sertoli cells are detached from the epithelia into the tubular lumen. Spermatids frequently 
show polynucleation (17). Spermatozoa (18), spermatids (19), and portions of Sertoli cells (20) undergo enzymatic cellolysis. The middle 
piece of flagellae show distinct necrotic alterations in mitochondria (magn.: 17 = 4,600: 1; 18, 19, 20 = 12,000: 1) 



Fig. 21. In some cases GAA uptake induced an irregular development of later spermatids. The nuclear elongation, supported by the cuff of 
postnuclear fibrils (pNc), proceeds asymmetricaly, and sometimes two axial complexes (F1 and F2) are formed (magn.: 14,000 : 1) 

Fig. 22. The fine structure of sperm heads does not indicate a GAA effect on the acrosomal complex and head membrane system. In contrast, 
the miroclaondrial shearth of the middle piece shows distinct malformations. The residual cell fragments of Sertoli cells are partially disinte- 
grated by lysosomal enzymes (magn.: 12,000:1) 

Figs. 23 and 24. The fine structure of Leydig cells is not altered by GAA uptake (magn.: 4,600: 1) 
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and the membranes are partially dissolved (Figs. 10, 20 and 
22). In contrast, the tubular arrangement and the membrane 
system of flagellar main and end piece do not show alter- 
ations. In no case was a leukocyte infiltration found either 
in the epithelial compartment or in the luminal space of the 
tubules. 

Interstitial Compartment 

Gossypol administration seems to have no toxic effect on 
the morphology and cellular physiology of the interstitial 
compartment. The fine structure of Leydig cells and their 
physiological activities are not injured by  GAA treatment 
(Figs. 23 and 24). Only in a few cells lipofuscin pigments as 
dark spots indicate evidence of damage (Fig. 25). The 
lymphoid spaces, the morphology of fibrocytes and the 
vascularisation appear normal. These findings are in accor- 
dance with the endocrine profiles obtained from GAA- 
treated rats in which the testosterone plasma levels do not 
differ significantly (p > 0.05) from untreated controls. 

The morphology of the spermatozoa from the smear of 
the vas deferens at the 43rd day of GAA treatment was al- 
tered in at least half of the samples examined. In these 
instances head-tail disconnections were found (Fig. 26). 

Discussion 

The antifertility efficacy of GAA in male rats is reported to 
be dose, time, and strain dependent [3, 4, 18, 29, 22, 28, 

28a, 26]. In  male rats treated with 2.5 rag, 5.9 mg and 7.5 
mg GAA/kg/day the fertility rate was not significantly 
lowered (p > 0.05) from approximately 90% to 50-70% 
[26]. In contrast, lower dosages in the range of 4 mg to 10 
mg GAA/kg/day caused loss of fertility in male rats [7, 25]. 
Shi [22] postulates 12 mg GAA/kg/day as an effective anti- 
fertility dose. Zhou [30] found that administration of 7.5 
mg GAA/kg/day for a period of 1 year led to infertility 
without gross degenerative changes in the testes and mating 
behaviour. In the present study 30 mg GAA/kg/day was 
administered to 20 male rats for 10 weeks. After 6 weeks 
mating results and semen smears from the vas deferens 
previously indicated a 100% infertility of the treated ani- 
mals. The same effect in a similar period of time is referred 
to by Sift [22] and Xue [28, 28a]. 

According to information available in the literature 
orally administered GAA, given in a sufficient dosage for a 
sufficient period of time leads to complete immobilisation 
of epididymal and vasal spermatozoa in small animals [2--4, 
7, 9, 11, 12, 17, 20]. Frequently, a significant decrease in 
sperm density and severe damage on sperm morphology up 
to head to tail disconnections were found. The present 
findings confirm these malformations, except the decrease 
of  sperm number. Electron microscopical investigations 
define these abnormalities: swelling of membranes, disso- 
ciation and fragmentation of acrosomes, swelling and der- 
angement of the mitochondrial sheath and axial complex 
[6-9,  11, 12, 17, 18, 28]. Despite this severe damage to 
sperm morphology no morphological deviations of the 
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epididymal and vasal epithelia were found [ 12]. Experiments 
involving ligation o f  the epididymis indicate that the site o f  
action of  GAA in inhibiting the sperm motility is not  in the 
epididymis. A direct effect on the seminiferous epithelia 
may be assumed [6]. However, if GAA is directly brought 
into the fat pat of  the rat epididymis alterations in sperm 
morphology and inhibition of  sperm motility occured with- 
in 24 h [8]. In agreement with the reports of  Hadley [9] 
and Holler [12] the germinal epithelial ceils show vacu- 
olisation, pycnosis, disconnections of  junctions, cytolysis, 
and exfoliation of  germ cells from the epithelium. Accord- 
ing to the papers of  Xue [28] the first cellular damage was 
found on spermatids after 2 - 3  weeks of  GAA treatment. 
Pachytene, leptotene and zygotene spermatocytes and 
spermatogonia B showed malformations after 4 - 5  weeks. 
The affected seminiferous tubules became atrophic, and 
only a singie layer of  spermatogonia and Sertoli cells formed 
the epithelia. 

Summarising theresults  o f  published papers, abnormali- 
ties which concern sperm morphology and progressive dam- 
age of  germ cells are extensively discussed, but  no detailed in- 
formation is noted on the morphology and free structure o f  
Sertoli cells. Nevertheless, this investigation shows that the 
Sertoli cells are affected, too. GAA uptake seems to stimulate 
the physiological activity patholoNcally; cellular organelles 
such as mitochondria, endoplasmic reticulum, lysosomal 
vacuoles, pigment granules and nuclei are either enlarged in 
number and size or malformed in shape. The cellular contact 
is often restricted to spots or completely disconnected. The 
necrotic processes and exfoliation of  germ ceils are probably 
due to junction dissolvement. If  GAA administration is 
continued for a longer period some Sertoli cells were found 
to be unable to compensate for the toxic s t immulusofGAA, 
and the cells became necrotic too. Large apical protrusions 
were delivered to luminal spaces. Irregulary formed mem- 
brane complexes of  digested organelles, condensed granules, 
lipid droplets, and large vacuoles were found within the 
cytoplasma. In later spermatids, surrounded by necrotic 
Sertoli ceils, remarkable damage on the mitochondrial sheath 
was found. The matrix o f  the organelles appears vacuolated, 
and the membrane compartment often dissolved. 

In contrast to the report o f  Nadakavukaren [17] no 
changes were found in the axial complex except some 
irregular arrangements o f  perinuclear cuff, centrioles, and 
insertion o f  flagellum. However, in all seminfferous tubules 
showing these malformations a distinct number o f  unaf- 
fected Sertoli ceils was also found. 

These data indicate that GAA might have a primary effect 
on  the Sertoli ceils and secondly on germinal ceils and on 
sperm motility. The inhibition of  testicular ATP-ase [14, 
14a] and sperm specific lactate dehydrogenase X [15] may 
be the initial source o f  the antifertility action of  GAA. In 
vitro experiments, including the pronounced depression of  
spermatozoal fructose utilisation, confirm this assumption 
[14, 19, 23]. 

In contrast to toxic processes in germinal and Sertoli 
ceils the Leydig ceil compartment does not  show any change 

in free structure, and an intact testosterone biosynthesis is 
assumed. In accordance with our findings Hoffer [11 ] and 
Bardin [2] found no significant changes in serum LH, FHS 
and testosterone. 

In contrast to a preliminary in vitro study Hadley [9] 
noted a significant decrease of  testosterone biosynthesis in 
Leydig cells. It seems to be true that at the beginning of  the 
in vitro experiment a lot o f  Leydig cells were killed by 
GAA so that the initial testosterone levels were lowered. 
Nevertheless, after a certain time the amount o f  testosterone 
stimmulated by HCG rose in controls and in GAA-treated 
samples. 

Acknowledgement. This study was supported by the grants of 
"Fonds zur F6rderung der Wissenschaftlichen Forschung" Proj. 
3380, Stiftungs- und FSrderungsgesellschaft der Paris Londron Uni- 
versit~it Salzburg, the Population Council New York and the Rocke- 
feller Foundation New York. 

References 

1. Abou-Donia MB (1976) Physiological effects and metabolism 
of gossypol. Residue Ref 61:125-160 

2. Bardin CW, Sundaram KS, Chang CC (March 11, 1980) Toxi- 
cology, endocrine and histopathologic studies in small animals 
and Rhesus monkeys administered gossypol. Presented at 
PARFR Workshop on Gossypol. Program for Applied Re- 
search on Fertility Regulation, Chicago, Illinois, USA 

3. Chang MC, Gu Z (March 11, 1980) Efficacy of gossypol as an 
antifertility agent in small animals. PARFR Workshop on 
Gossypol, Chicago, Chicago, Illinois, USA 

4. Chang MC, Gu Z, Saksena SK (1980) Effects ofgossypol on 
fertility of male rats, hamsters and rabbits. Contraception 21: 
461-469 

5. Coulson PB, Snell R, Parise C (1980) In vitro effects of the 
antifertility agent, gossypol, on the reproductive organs in male 
mice. Int J Androl 3:507-518 

6. Dai RX, Dong RH (1978) Studies on the antifertility effect of 
gossypol. I. An experimental analysis by epididymal ligature. 
Acta Biol Exp Sinica 8:15-22 

7. Dai RX, Pank SX, Liu ZL (1978) Studies on the antifertility 
effect of gossypol. II. A morphological analysis of the anti- 
fertility effect of go ssypol. Acta Biol Exp Sinica 11:27-30 

8. Hadley MA, Burgos MH (April 1981) Inhibition of rat epidid- 
ymal sperm motility by gossypol. Paper presented at the New 
York Academy of Science meeting on the Cell Biology of testis 

9. Hadley MA, Din CY, Dym M (1981) Effects of gossypol on the 
reproductive system of male rats. J Androl 2:190-199 

10. Hahn DW, Rusticus C, Probst A, Homm R (1981) Antifertility 
and endocrine activities of gossypol in rodents. Contraception 
24:97-105 

11. Holler AP (1981) Light and electron microscopic studies on 
the effects of gossypol in male rats. In: Zatuchnie G, Osborn C 
(eds) Gossypol - A Possible Male Antifertility Agent. Report 
of Workshop. Research Frontiers in Fertility Regulation, 
PARFR 1, Nr. 4 

12. Hoffer AP (a brief communcation 1981) Ultrastructural studies 
of spermatozoa and the epithelial lining of the epididymis and 
vas deferens in rats treated with gossypol 

13. Hsue SP, Tsong ST, Su SY, Wu YW, Liu Y, Chou TH, Ma HH 
(1979) Cytological, radioautographie and ultrastructural 
observations on the antispermatogenesis action of gossypol in 
rat. Sci Sinica 9:915-923 



85 

14. Kalla NR, Vasudev M (1980) Studies on the male antifertility 
agent, gossypol acetic acid: I. In vitro studies on the effect of 
gossypol acetic acid in human spermatozoa. IRCS Med Sci 
Biochem 8:375-376  

14a. Kalla NR, Vasudev M (1981) Studies on the male antifertility 
agent, gossypol acetic acid: II. Effect of gossypol acetic acid on 
the motility and ATP-ase activity of human spermatozoa. 
Andrologia 13(2): 95 -98  

14b. Kalla NR, Vasudev M, Arora G (1981) Studies on the male 
antifertility agent - gossypol acetic acid. III. Effect ofgossypol 
acetic acid on rat testis. Andrologia 13:242-249 

15. Lee CY, Mailing HY (1981) Selective inhibition of sperm- 
specific lactate dehydrogenase X by an antifertility agent, 
gossypol. Fed Proc 40 :718-723  

16. Lin T, Murono EP, Osterman J, Nankin HR, Coulson PB (1981) 
Gossypol inhibits testicular steroidogenesis. Fertil Steril 35: 
563-566  

17. Nadakavukaren MJ, Sorensen RH, Tore JN (1979) Effect of 
gossypol on the ultrastrueture of rat spermatozoa. Ceil Tissue 
Res 204:293-296 

18. National Coordinating Group on Male Antifertility Agents. 
Gossypol - A new antifertility agent for males (1978) Chin 
Med J (Engl ed) 4 :417-428  

19. P6s6 J, Wichmann K, Jiinne J, Luukkainen T (April 19, 1980) 
Gossypol, a powerfull inhibitor of human spermatozoa metab- 
olism. Lancet, April 19:885-886 

20. Prasad MRN, Diczfalusy E (June 1981) Gossypol. 2nd Int 
Congr Andr, Tel Aviv, Israel 

21. Saksena SK, Salmonsen R, Lau IG, Chang MC (in press) 
Gossypol, a male antifertility agent: its toxicological and 
endocrino-logical effects in male rabbits. Contraception 

22. Shi Q, Zhang YG, Yuan YY (1981) Studies on the antifertility 
effect of gossypol acetic acid on the spermatogenesis in rats. 
Acta Zool Sinica 28 :21-27  

23. Waller DP, Zaneveld LJD, Fong HHS (1980) In vitro sperma- 
cidal activity of gossypol. Contraception 22(2): 183-187 

24. Waller DP, Zaneveld LJD (March 11, 1980) In vitro and small 
animal studies on gossypol. Presented at PARFR Workshop on 
Gossypol. Program for Applied Research on Fertility Regula- 
tion, Chicago, Illinois, USA 

25. Wang YE, Luo YG, Tang XC (1979) Studies on the antifertility 
actions of cottonseed meal and gossypol. Acta Pharmaeol Sinica 
14:663-669 

26. Weinbauer GF, Rovan E, Frick J (1982) Antifertility efficacy 
of gossypol acetic acid in male rats. Andrologia 14(3):270-275 

27. Weinbauer GF, Rovan E, Frick J (in press) Toxicity of Gossy- 
pol at antifertility dosages in male rats. Statistical analysis of 
letal rates and body weight response. Andrologia 

28. Xue S, Zong S, Su S, Wu Y, Liu Y, Zhou Z, Ma X (1980) Anti- 
spermatogenic effect of gossypol on the germinal epithelium of 
the rat testes. Sci Sinica XXIII, No 5 :641-657  

28a. Xue SP (1981, in press) Studies on the antifertility effect of 
gossypol, a new contraceptive for males. In: Chang CF, Griffin 
D, Woolmann A (eds) Recent advances in fertility regulation. 
Proccedings of Symposium held in Beijing, September 1980 

29. Zatuchni GI (1981) Gossypol: a possible male antifertility 
agent. Report of a Workshop. Res Frontiers Fertil Regul 
1 :1 -15  

30. Zhou LF, Chen CC, Wang NG, Lei HP (1975) Observations on 
long-term administration of gossypol acetic acid to rats. 
Document of Fourth National Conference on Male Antifertility 
Agents, Sujhou, Chin Med J 60:343-344 

Dr. E. Rovan 
Zoological Institute 
University of Salzburg 
Akademiestral~e 26 
A-5020 Salzburg 




