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Abstract: Caseous lymphadenitis has been globally a prevalent disease among farmed small ruminants for 

over a century. As its chronic disease, sex hormone profiles and cellular changes of reproductive organs in 

infections associated with Corynebacterium pseudotuberculosisis and its exotoxin phospholipase D have been 

very few or absent. This study was conducted to acquire a better way of understanding the reproductive 

pathophysiology response of Corynebacterium pseudotuberculosisis and its exotoxin in mouse model. In this 

study, 64 healthy mice, 2-3 weeks of old, were divided equally into 3 groups, where the first group of mice were 

interperitoneally inoculated with 1.0 ml of sterile phosphate buffer solution (PBS), pH 7, the second group of 

mice were interperitoneally inoculated with 1.0 ml of 109 colony forming unit (CFU) of live C. 

pseudotuberculosis and the third group of mice were interperitoneally inoculated with 1.0 ml of single dose of 

exotoxin (PLD) extracted from C. pseudotuberculosis. Following infection, clinical signs were observed and 
blood samples were collected by cardiac puncture for sex hormone analysis. For microscopic examinations, the 

mice were euthanized using cervical dislocation approach and the reproductive organs were collected. The 

results revealed that there was no significant differences (p<0.05) in the concentration of estrogen and 

progesterone levels between whole cell and exotoxin groups. Concentration of progesterone in PLD treated 

group (15.37 ± 2.32 pg/ml) was lower than control group (17.61 ± 2.91pg/ml). The concentration of 

testosterone in C. pseudotuberculosis (2.98 ± 3.70 pg/ml) was significantly (p<0.05) different from both control 

group (16.58 ± 3.67 pg/ml) and PLD (11.84 ± 3.19 pg/ml). Microscopically, cellular changes were observed in 

organs included ovaries, uterus, testicles and epididymis. In C. pseudotuberculosis infected group, infiltration of 

polymorph nuclear leukocytes with congestion, degeneration and necrosis were documented in almost all 

investigated parameters. For exotoxin PLD infected group, the observed cellular changes included severe 

hemorrhage, thrombus formation, degeneration, vacuolation and necrosis. Therefore, the results of this study 

indicated that there were significant differences in sex hormones and cellular changes of reproductive organs 
associated with infection Corynebacterium pseudotuberculosisis and its exotoxin phospholipase D (PLD). 
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I. Introduction 
Caseous Lymphadenitis (CLA) is caused by Corynebacterium pseudotuberculosis, a gram positive, 

facultative anaerobic rod [1]. The disease is, most commonly, chronic in sheep and goats and it’s characterized 

by encapsulated abscesses especially in superficial lymph nodes and as it can be disseminated deeper to visceral 

lymph nodes and organs [2]. The visceral form of CLA called Thin Ewe Syndrome is associated with low 

reproductive rates in sheep [3]. Other animal species in which infection with C. pseudotuberculosis is relatively 

common, include horses [4, 5, 6], cattle [7, 8, 9], llamas and alpacas [10, 11] and buffalo [12]. Although CLA 

could cause important economic losses associated with as loss of body condition and subsequent reproductive 

failure [13, 14], the virulence mechanisms of the agent have been scarcely characterized and the epidemiology 
of the infection is still poorly understood in many countries. CLA is transmitted via superficial skin cuts and 

abrasion especially during fighting and shearing process [15]. To date, there are only two virulence factors that 

have been identified in C. pseudotuberculosis; PLd and Mycloic acid [16]. PLD define as sphingomyelin-

specific phospholipase, that catalysis sphingomyelin into phosphate and choline. Mycolic acid is a waxy coat on 

the outer surface of C. pseudotuberculosis. This waxy coat enables the organism to survive the harsh 

environmental conditions in the farm for long period and probably provides the microorganism with mechanical 

and biochemical protection against the hydrolytic enzymes in the macrophages lysosome [1, 16]. Both PLD and 
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mycolic acid play a major role in pathogenicity of CLA. The most susceptible organs for the infection include 

lungs and epididymis, followed by liver, spleen, retropharyngeal lymph nodes and udder [17]. Epididymis and 

udder were found to be most susceptible organs of CLA infections. In this, however, we assume that CLA may 

affect the fertility and subsequently the reproduction. [18] Examined rams and they found that CLA lesions 

frequently exist and lying adjacent to testes, spermatic cord and inguinal lymph nodes were enlarged, but C. 

pseudotuberculosis does not exist in the semen. CLA can cause loss of fertility and gradual emaciation [19]. 
Moreover, studies on CLA have been mentioned its negative effects on reproduction. However there is no 

currently study speculated the possible scenario of how CLA can affect the reproduction. Therefore, this study 

was carried out using mouse model to investigate what other researchers reported about CLA being insidious 

contributor to animal’s infertility. The addressed question remains whether CLA possibly affects the hypo-

pituitary gonadal axis (hormones) or affects the gonads itself resulting disturbance in reproduction.  

 

II. Materials and Methods 
Animals 

Sixty four apparently healthy mice of both sexes, aged 8 weeks were used in this study. Mice were kept 
under standard condition for 2 weeks prior the experiment for acclimatization. The experiment was conducted 

according to the guide of the care and use of experimental animals, provided by Institutional Animal Care and 

Use Comity (IACUC). All experimental procedures were approved by Universiti Putra Malaysia and Animal 

Care Committee with reference No. (UPM/FPV/PS/3.2.1.551/AUP-R120). 

 

Corynebacterium pseudotuberculosis 

The bacterium was isolated from clinical case of CLA infections at UPM farm. The organism was 

biochemically identified. The inoculum was estimated at 1x109 CFU using McFarland Standard. 

 

Phospholipase D (PLD) 

PLD was extracted using Zaki’s method [20].  

 
Experimental Design  

The mice were divided into 3 groups; namely whole cell, exotoxin (PLD) and control groups. The 

infected groups (whole cell and exotoxin) consisted of 24 animals each where control group consisted of 16 

animals. The control group was inoculated interperitoneally with 1 ml of sterile PBS. The whole cell group was 

inoculated with C. pseudotuberculosis 1x109 CFU where the exotoxin (PLD) group was challenged 

interpertoneally with 1 ml of PLD. Blood was collected for hormone analysis and post mortem examination was 

performed on reproductive organs. The collected organs were processed for histo-pathological examination.  

 

Hormone Analysis  

Testosterone concentration was estimated by using an ELISA kit (No. 582701), Estrogen and 

Progesterone concentration was also estimated by using an ELISA kits (No. 582251 and No. 582601) 
respectively. 

 

Histopathology 

The harvested organs were placed in 10% buffered formalin for routine paraffin embedding and 

sectioning with subsequent staining using hematoxylin and eosin.   

 

Statistical Analysis 

 Statistical analysis was performed using PASW Statistics 18, Release Version 18.0.0 (D3 SPSS, Inc., 

2009, Chicago, IL). One way analysis of variance (ANOVA) was used with Duncan post hoc multiple 

comparisons.    

 

III. Results 
Hormones concentration 

Testosterone levels in animals challenged with C. pseudotuberculosis were significantly different 

(p<0.05) from exotoxin (PLD) group where C. pseudotuberculosis infected group had lower concentrations 

compared to exotoxin group (Table 1). In contrast, progesterone concentration was not significantly different 

between the inoculated groups; yet the animals inoculated with exotoxin (PLD) showed lower concentration of 

progesterone hormone (Table 1). Estrogen hormone levels in infected groups were both significantly (p<0.05) 
different from those served as a control group.  

 

 

Histopathology 
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Changes in the tissues were observed after 3 days post-inoculation in whole organism and after 4 hours 

in PLD challenged groups. However, the general changes in the groups inoculated with C. pseudotuberculosis 

were related to septicemia. These changes included congestion, infiltration of neutrophil and macrophages, 

degeneration, necrosis, hemorrhage and oedema. On the other hand, the exotoxin (PLD ) inoculated groups 

showed generalized toxemia where organs of these groups had congestion, oedema, thrombus formation and 

necrosis. The ovaries and the uterus in whole organism inoculated group showed congestion with infiltration of 
neutrophil and macrophages, oedema, degeneration and necrosis (Fig. 1&3). In contrast, ovaries and uterus of 

exotoxin (PLD) inoculated animals showed severe congestion, profound thrombus formation and necrosis (Fig. 

2&4).  Organs such as testis and epididymis showed congestion, oedema, infiltration of polymorphnuclear 

leukocytes, degeneration and necrosis in C. pseudotuberculosis inoculated animals (Fig. 5&7). In exotoxin 

(PLD) inoculated animals testis and epididymis showed only severe congestion, thrombosis and necrosis (Fig. 

6&8).    

 

Table 1 Sex hormone concentrations in mice following interperitoneally experimental infection with   C. 

pseudotuberculosis and exotoxin (PLD) on (Mean ± SE) 

 Groups 

Hormones (pg/ml) Control C. pseudotuberculosis Exotoxin (PLD) 

Estrogen  29.66±4.32 41.53±3.55 34.43±2.60 

Progesterone  17.61±2.91 23.19±2.11 15.37±2.32 

Testosterone  16.58±3.67 2.98±3.70 11.84±3.19 

*Significant value p<0.05. Comparison between challenged groups and control group mice 
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IV. Discussion 
The insidious effects of CLA on reproduction often make the veterinarians and farmers overlooked its 

direct relation to fertility reduction and this contributes to the fact that farmers have little concern about CLA. 
This study for the first time reports the effects of CLA on reproductive hormones concentration and histo-

pathological changes of reproductive organs in mouse model.  

Blood collection for hormone analysis and postmortem performances on reproductive organs enabled 

documentation of observations and comparison of hormones concentration between the animals inoculated with 

C. pseudotuberculosis and those challenged with exotoxin (PLD). Microscopic lesions were observed 3 days 

after inoculation of whole organism and after 4 h of PLD inoculation. Although many studies have mentioned 

that chronic diseases such as CLA and John’s disease could affect the reproduction of farm animals [21], yet 

these studies did not explain the mechanism of how these diseases disrupt or interrupt the reproduction system. 

Our findings showed that both C. pseudotuberculosis and exotoxin (PLD) have affected the sex hormone 

concentration, especially testosterone and in less extent progesterone. The tissue damages that have been 

observed in testis and ovaries may contribute to the low hormone concentration, in which the hormone 

producing cells have been affected or the hypo-pituitogonadal axis has been interrupted. Reproduction is a 
complex process that requires many factors to be achieved. Synergy of hypothalamus releasing hormones and 

pituitary tropic hormones are crucial for production of gonadal hormones (testosterone, estrogen, progesterone) 

to maintain the cyclicity of animal’s reproduction. Furthermore any internal or external interruption of such 

precise process can lead to low fertility or sterility and ensue in failure of reproduction. [22] Found that exotoxin 

produced by Corynebacterium diptheriae has the capacity to inhibit protein synthesis in mammalian cells and 

causing death. Exotoxin (PLD) has the ability to catalyze the sphingomyelin [23]. The biological activities of 

exotxin PLD could explain the low hormone concentration by two mechanisms; direct action of PLD on 
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hormone producing cells compromising the function of cell membrane and cause cell death and the inhibition  

protein synthesis which means in other words inhibition of enzymes that are highly necessary for hormone 

production. [24] Described in detail the histopathological lesions in mice inoculated with C. pseudotuberculosis 

of general septicemic lesions such as generalized congestion, infiltration of nuetrophils and macrophages, 

hemorrhage, degeneration and necrosis. In this study the lesions observed in reproductive organs tissues were 

similar to those reported by [23] in almost all investigated parameters. [21] Reported that CLA can affect 
reproductive health indirectly through reduction of appetite, production of fever, loss of weight and loss of 

ambulation. CLA lesions can be found in internal organs as well as udder, and less common in testis, scrotum 

and uterus [25]. However, our experimental study using mouse model reports for the first time that changes in 

reproductive might occur due to direct action of C. pseudotuberculosis on reproductive tissues or indirectly by 

host tissue reaction to the pathogen in which the immune system take place.   

As mentioned earlier, exotoxin (PL) has several biological activities such as dermonecrosis [26], 

lethality [27], interfering with ovine neutrophil chemotaxis and it is lethal to neutrophil itself [28]. In our study, 

mice inoculated with PLD showed severe histopathological changes in testis, epididymis, ovaries which were 

associated with toxemic manner such as severe generalized congestion, edema, hemorrhage, degeneration, sever 

thrombosis and necrosis. PLD can cause increase in vascular endothelial membrane permeability as a result of 

hydrolysis of sphingomyelin and leakage of plasma proteins into surrounding tissues [29]. However, this could 

explain the oedema found in tissues after inoculation of PLD. Furthermore, Exotoxin (PLD) may cause 
complete destruction of capillaries wall that consist of single layer of endothelial cells leading to hemorrhage 

and/or thrombosis as it revealed by histopathological examination. It’s well known that PLD has lethal effect on 

cells [27], this cytotoxic effect may explain the necrosis appeared upon examination of tissues from PLD 

inoculated mice. 

 
V. Conclusion 

Finally, our study of experimental model highlighted the impact of CLA on reproduction for both 

sexes. Knowledge of such effects would increase our understanding of CLA on reproductive system. It would 

also further enhance the level of awareness regarding to this devastating disease to both reproduction and re-

productivity.  
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