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RESUMO.- [Avaliação testicular e seminal de caprinos 
alimentados com feno de Cenostigma pyramidale.] Para 
avaliar a possível ocorrência de alterações reprodutivas 

em caprinos machos associado ao consumo de Cenostigma 
pyramidale, foram utilizados 16 animais divididos em dois 
grupos experimentais, G1 e G2 (grupo controle). Animais 
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Machado A.L. & Pedroso P.M.O. 2020. Testicular and seminal evaluation of goats fed hay 
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This study aimed to assess the possible occurrence of reproductive changes in male goats 
associated with ingestion of Cenostigma pyramidale hay. Sixteen animals divided into two 
experimental groups, G1 and G2 (control group) were used. Animals in G1 received 2% of 
forage, based on live weight (LW), composed of 100% of C. pyramidale, and animals in G2 
received 2% of Panicum maximum “Massai’ grass hay, based on LW. Both groups received 
1% of concentrated feed supplementation based on LW, along with mineralized salt and 
water ad libitum. The goats were subjected to weighing, testicular biometry, and semen and 
blood collection every 30 days. After 120 days, the animals were castrated and their testes 
were collected. Testicular measurements were performed and fragments were collected 
for histological processing to determine the gonadosomatic index (GSI), diameter of the 
seminiferous tubules, height of the germinal epithelium (HGE), volumetric proportion and 
volume of the testicular parenchyma components, total length of the seminiferous tubules, 
length of the seminiferous tubules per gram of testis, and leydigosomatic and tubulosomatic 
indexes. The data were evaluated for normality using the Student’s t-test. Data with normal 
distribution were assessed using analysis of variance (ANOVA)  and the non-parametric data 
were evaluated using the Kruskal-Wallis test, both at 5% probability. Statistically significant 
differences (p<0.05) were observed for GSI (G1=0.48 ±0.08 and G2=0.34 ±0.09) and HGE 
(G1=52.95 ±2.99 and G2=.47.63 ±2.67) between treatments. Consumption of C. pyramidale 
hay increased LW and, consequently, testicular weight, contributing to high GSI. In conclusion,  
ingestion of C. pyramidale has no toxic effect on the testicular, seminal and histological 
parameters of goat testis. Due to its nutritional characteristics, consumption of this plant 
improves animal body development. Because C. pyramidale is adapted to semi-arid regions, 
it can be an alternative source of feed for goats during periods of shortage.
INDEX TERMS: Goats, hay, Cenostigma pyramidale, toxic plant, animal reproduction, male, testicle.
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pertencentes ao G1 receberam 2% de volumoso, com base no 
peso vivo (PV), constituído de 100% de C. pyramidale e o G2 
receberam 2%, com base no PV, de feno de Panicum maximum 
‘Massai’. Todos os grupos receberam 1%, com base no PV, 
de suplementação concentrada, além de sal mineralizado e 
água ad libitum. A cada 30 dias os animais eram submetidos à 
pesagem, biometria testicular e coletas de sêmen. O sêmen foi 
avaliado quanto ao volume, turbilhonamento, vigor, motilidade, 
concentração espermática, defeitos maiores, menores e totais. 
Após 120 dias os animais foram castrados e os testículos 
coletados. Foram realizadas as mensurações testiculares 
e coletados fragmentos para o processamento histológico, 
para determinação do índice gonadossomático, diâmetro dos 
túbulos seminíferos, altura do epitélio germinativo, proporção 
volumétrica e volume dos componentes do parênquima 
testicular, comprimento total dos túbulos seminíferos, 
comprimento de túbulo seminífero por grama de testículo, 
índices leydigossomático e tubulossomático. Os dados foram 
avaliados quanto à normalidade pelo teste t de Student, os 
dados com distribuição normal foram analisados por análise 
de variância com 5% de probabilidade e os não paramétricos, 
pelo teste de Kruskal-Wallis, a 5% de probabilidade. Houve 
diferenças significativas (p<0,05) para índice gonadossomático 
(G1=0,48±0,08 e G2=0,34±0,09) e altura do epitélio germinativo 
(G1=52,95±2,99 e G2=47,63±2,67) entre os tratamentos. O 
feno de catingueira promoveu aumento no peso corporal e 
consequentemente maior peso testicular, o que contribui para 
elevação do IGS. Concluiu-se que o consumo da C. pyramidale 
não possui efeito tóxico sobre os parâmetros testiculares, 
seminais e histológicos do testículo dos caprinos e que 
a planta, por suas características nutricionais promoveu 
melhora no desenvolvimento corporal dos animais e por ser 
uma planta adaptada ao clima do semiárido, se constitui uma 
fonte alternativa de alimentação para esta categoria animal, 
durante períodos de escassez de alimento.

TERMOS DE INDEXAÇÃO: Caprinos, feno, Cenostigma pyramidale, 
planta tóxica, reprodução animal, caprino, testículo.

INTRODUCTION
Cenostigma pyramidale species, originally cataloged as 
Caesalpinia pyramidalis (Tul.) or Poincianella pyramidalis 
(Tul.) L.P. Queiroz (Flora do Brasil 2020), is popularly called 
“catingueira”, “catinga-de-porco” or “pau-de-rato”. These 
names are due to the unpleasant odor of their green leaves. 
It is a xerophilous, arboreal, medium-sized Fabaceae (Matias 
et al. 2017). C. pyramidale presents wide distribution in the 
Brazilian northeastern semi-arid region and is considered 
endemic in the Caatinga biome (Silva et al. 2009, Maia 2012). 
It is among the forage species most used by animals in the 
Caatinga (Araujo et al. 2010). Its hay has good nutritional 
value, presenting high protein concentrations (10.82%) even 
in long periods of drought (Mendonça Jr. et al. 2008), which 
makes this species an important feed source for animals 
during the critical periods of forage scarcity in the dry season 
(Vieira et al. 2005).

In the Northeast region of Brazil, consumption of C. pyramidale 
is related to the occurrence of reproductive changes in female 
sheep and goats (Reis et al. 2016, Lopes et al. 2017). This 
plant is associated with one of the leading causes of abortion, 
embryonic mortality, and malformation in goats and sheep in 

the northeastern semi-arid region, being necessary to keep 
it out of the reach of females during pregnancy (Marcelino 
et al. 2017, Souza et al. 2018). Reproduction experiments 
conducted with goats (Reis et al. 2016) and sheep (Lopes 
et al. 2017) have proved that this plant causes congenital 
malformations, embryonic losses, and abortion and that the 
malformations observed in the animals studied were similar 
to those described by producers of the semi-arid region of 
the state of Bahia in cases of natural poisoning.

In the semi-arid region, where cases of natural poisoning 
have occurred (Marcelino et al. 2017), in addition to the toxic 
effects on females, many small ruminant producers reported 
that C. pyramidale also causes reproductive problems in male 
sheep and goats (Souza et al. 2018). Until then, reproductive 
changes due to consumption of C. pyramidale had only been 
proven in pregnant goats and sheep (Reis et al. 2016, Lopes 
et al. 2017), but toxic effects on the reproductive parameters 
in males had been observed.

This study aimed to carry out an experiment on pubescent 
male goats to determine whether C. pyramidale has a toxic 
effect on the reproductive system of male goats.

MATERIALS AND METHODS
The experiment was carried out in the premises of the “Setor de 
Caprinocultura” of the “Centro de Ciências Agrárias, Ambientais e 
Biológicas” of the “Universidade Federal do Recôncavo da Bahia” 
(CCAAB-UFRB) located in the municipality of Cruz das Almas, 
state of Bahia, Brazil. The project was approved by the Ethics 
Committee on the Use of Animals (CEUA) of UFRB under protocol 
no. 23007.000119352019-60.

Cenostigma pyramidale leaves were previously harvested 
manually from November to February 2019 in the Tupiaçú district 
(12o33’07.8” S; 39o17’35.1” W), municipality of Cabaceiras do 
Paraguaçu, Recôncavo da Bahia. After drying in the shade for 6 h for 
three days, the leaves were crushed, weighed, and stored in plastic 
bags for daily supply to the animals.

A total of 16 male, crossbred goats with mean age >1 year and 
initial average live weight (LW) of 33 kg were used in the study. 
Initially, the animals were dewormed, vaccinated, and submitted to 
physical examination with measurement of heart and respiratory 
rates, ruminal movements and temperature, verification of mucous 
membranes and integrity of the common integument, palpation 
of lymph nodes to prove health, and andrological examination. All 
examinations were performed following the recommendations of 
the “Colégio Brasileiro de Reprodução Animal” (CBRA) and the 
animals underwent an adaptation period of 15 days. The goats were 
randomly assigned to two groups of eight animals each (G1 and G2). 
G1 was fed 1% concentrated supplementation (CS) based on LW and 
2% roughage based exclusively on C. pyramidale hay. In G2, the feed 
consisted of 1% CS based on LW and 2% roughage based on Panicum 
maximum ‘Massai’ hay. Both groups received CS prepared with corn 
and soy bran enriched with vitamins and minerals, in addition to 
mineralized salt and water ad libitum. The hay was homogenized 
with the CS and ingested spontaneously.

Samples of C. pyramidale and Massai grass hay were sent for 
bromatological analysis at the “Laboratório de Nutrição Animal” of 
UFRB. The bromatological composition of the diets was prepared 
according to the Association of Official Analytical Chemists (AOAC, 
1992) to determine the levels of dry matter (DM), mineral matter 
(MM), and crude protein (CP). Determination of neutral detergent 
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fiber (NDF) and acid-detergent fiber (ADF) was carried out according 
to Van Soest et al. (1991).

Every 30 days, the animals were weighed individually and testicular 
biometry (TB) was performed, always by the same operator. The scrotal 
perimeter (SP) was measured using a measuring tape. The length, 
width, and thickness of the right and left testes were measured using 
a caliper. Testicular consistency was assessed through qualitative 
analysis by palpation and was classified as fibro-elastic (normal), 
firm, or flaccid (abnormal). The animals were submitted to semen 
collection every 30 days since the beginning of plant supply using 
the artificial vagina method and a female in estrus as a mannequin. 
After obtaining the ejaculate, the following seminal characteristics 
were evaluated: volume of the ejaculate, seminal color and aspect, 
and semen swirl, vigor, motility and concentration, as well as semen 
morphology including major and minor defects.

 After 120 days of supplying the diets to each group, the animals 
were submitted to bilateral surgical orchiectomy. After removal, the 
testes were weighed, measured, and dissected. Tissue fragments were 
collected and fixed in 10% buffered formaldehyde. Subsequently, 
testicular fragments were processed routinely by histological 
techniques, stained with hematoxylin-eosin (HE), and analyzed by 
optical microscopy.

The following testicular morphometric parameters were 
analyzed: right and left testicular weight, gonadosomatic index 
(GSI), diameter of seminiferous tubules, height of the germinal 
epithelium (HGE), volumetric proportion of the components of the 
testicular parenchyma, total length of seminiferous tubules, length 
of seminiferous tubule per gram of testis, and leydigosomatic and 
tubulosomatic indexes.

The tubular diameter and height of the epithelium were measured 
using a 10x micrometric eyepiece and a 10x objective under an 
optical microscope. Twenty cross-sections chosen at random through 
horizontal scanning - the ones with the most circular contour - were 
measured and had their mean determined for each animal.

Height of the epithelium was obtained in the same tubules used 
to measure the diameter, considering the epithelial thickness from 
the basal membrane to the luminal border. Two measurements from 
each cross-section were obtained, referring to the two contralateral 
points. The mean between the two measurements was considered 
a representative measure.

The volumetric proportion data of the testicular parenchyma 
components were obtained using a graticule with 408 intersections 
considered as points, with 400x magnification. Ten random fields 
were evaluated and, for each animal, evaluation of the coincident 
points was performed on the different constituent elements of the 
testicular parenchyma. Approximately 2,040 points were counted 
per animal. The following testicular parenchyma components 
were recorded: seminiferous tubule (tunica propria, seminiferous 
epithelium, and tubular lumen), Leydig interstitial cells, blood 
vessels, and connective tissue.

The total length of seminiferous tubules was obtained using the 
formula (França et al. 2000): 

LST
st

r
�
�
� 2

where, LST = total length of seminiferous tubules, VST = total 
volume of seminiferous tubules, previously calculated by the 
volumetric proportion of seminiferous tubules in the testicular 
volume, and r2 = base area corresponding to the cross-section area 
of the seminiferous tubule, considering the radius (r) as half the 
average diameter.

The final result referring to the total tubule length was expressed 
in meters for each animal. The GSI, which represents the percentage 
of body mass allocated in the testis, was calculated from the average 
weight of the two tests divided by the live weight. The leydigosomatic 
and tubulosomatic indexes represent the percentage of body mass 
allocated in the Leydig cells and seminiferous tubules. The percentage 
of testicular parenchyma of the Leydig cells and seminiferous tubules 
was calculated using the GSI.

All parameters were initially tested for normality using the 
Student’s t-test. THe parameters with normal distribution were 
assessed using analysis of variance (ANOVA) and the non-parametric 
data were evaluated by the Kruskal-Wallis test, both at 5% probability.

RESULTS
A sample of Massai grass hay supplied to the animals showed 
percentages of CP, NDF, and ADF of 3.02, 84.12 and 47.24, 
respectively, whereas a sample of Cenostigma pyramidale 
hay showed percentages of CP, NDF, and ADF of 10.82, 63.2, 
and 28.09%, respectively (Table 1).

Regarding the testicular biometric parameters and LW 
of goats in the evaluated periods, no differences were found 
between the groups (p>0.05), and it was observed that the 
averages were close in all parameters studied, except for live 
weight, which presented variation between the periods. In 
both groups, SP varied with LW and increased as a result of 
it. In G1, in 60 days, the mean SP was 20.1 cm with 26.6 kg 
LW, and in 120 days, the mean SP was 22.6 cm with 36.2 kg 
LW. In G2, the mean SP values were 21.3 cm over 60 days 
with 28.5 kg LW and 33.9 cm over 120 days with a 35.5 kg 
LW (Table 2).

Testicular consistency was the same in both experimental 
groups (p>0.05). In all periods evaluated, the testicles were 
tenso-elastic, which indicates normal testicular constitution.

As for the seminal aspect characteristic, in all evaluations, 
color was uniform with predominance of yellow ivory, and 
the consistency varied between creamy and milky.

When considering the semen characteristics in the evaluated 
periods, it was observed that G1 and G2 were similar, and that 
there was no difference (p>0.05) in all the variables analyzed, 
presenting parameters adequate for the goat species. However, 
in the first semen collection both in G1 and G2, minor defects 
corresponded to 23.21 and 21.85% and total defects accounted 
for 29.28 and 27.85%, respectively (Table 3).

Table 4 shows that there was statistically significant 
difference between the groups for the characteristics of the 
gonadosomatic index (GSI) and HGE (p<0.05), in which G1 
showed higher values than G2. For GSI, G1 showed 0.48%, 
while G2 presented 0.34%, and for HGE, the values were 52.95 
and 47.63 µm for G1 and G2, respectively. No effect of the 

Table 1. Chemical composition of the diets supplied to 
the animals 

Parameters Cenostigma 
pyramidale

Panicum 
maximum

Dry matter (%) 91.06 91.07
Mineral matter (%) 2.70 7.3
Crude protein (%) 10.82 3.02
Neutral detergent fiber (%) 63.62 84.12
Acid-detergent fiber (%) 28.09 47.24
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diets provided was found for the other parameters (p>0.05). 
However, testicular weight was greater in G1 compared with 
G2, with mean values of 87 and 63 g, respectively.

When considering the volumetric proportions of the testicular 
parenchyma components, no treatment was effective on the 
constituents of the seminiferous tubules or the intertubular 
tissue (p>0.05). However, higher proportions of seminiferous 
tubules compared with intertubular tissue were observed in 
both experimental groups (Table 5).

In the histological study, no changes were observed after 
ingestion of C. pyramidale by goats for 120 days in both groups.

DISCUSSION
Cenostigma pyramidale has been proved to be toxic for goats 
and sheep, with effects observed in the organogenesis phase 
(Reis et al. 2016, Souza et al. 2018). However, results of 
this study demonstrated that its consumption for 120 days 
by pubescent male goats did not result in toxicity to the 
reproductive system, not causing changes in the gametes. 
Because this plant presents good nutritional value with 
adequate protein concentrations, it constituted an excellent 
feed source for the animals.

Testicular measurements are considered as parameters 
in the evaluation of goat semen production. The scrotal 
perimeter (SP) is an excellent parameter to evaluate the size 
of the testes and the semen production capacity of goats, 
thus serving as a way to select a breeder for the herd. This 
variable does not dependent on breed or climate, but it has 

a close relationship with age and LW (Almeida et al. 2010). 
In the present study, the increase in LW positively influenced 
the SP indexes, and these were presented according to age 
and LW for both experimental groups. A similar finding was 
described by Souza et al. (2011) when studying Anglo-Nubian 
goats aged from 20-44 weeks, who observed average SP 
values of 21.1 and 25.5 cm, and LW values of 25.75 and 43.6 
kg, respectively, and by Rodrigues (2010) in Alpine goats at 
12 months of age, with a LW of 27 kg and SP of 22 cm.

The ejaculate volume of goats varies from 0.1 to 1.5 mL 
according to the CBRA (2013). For this variable, the means 
of experimental groups ranged from 0.4 to 0.7 mL and 0.2 to 
0.9 mL in G1 and G2, respectively. This range indicates good 
functioning of the accessory sexual glands, associated with 
androgen production and libido of the animal, reflecting in 
seminal volume increase.

Greater development of the testes was observed in both 
experimental groups overtime. Growth of the testicular 
parenchyma and the consequent expansion of the diameter 
of the seminiferous tubules, as a result of proliferation of the 
germ cells and differentiation of the Sertoli cells, provided 
an increase in semen concentration. According to Aguiar et 
al. (2006), semen concentration gradually increases with 
advancing age, since it is directly related to development 
of the seminiferous tubules, as semen remain inactive until 
puberty when they start to divide and proliferate.

Increase in the percentages of minor and total defects at 
baseline occurred as a result of the high frequency of bent tail 

Table 2. Testicular biometrics and body weight of goats in the different periods of supply of Cenostigma pyramidale 

Group Period (days) SP (cm) Length LT 
(cm)

Length RT 
(cm)

Width LT 
(cm)

Width RT 
(cm)

Thickness LT 
(cm)

Thickness RT 
(cm) BW (kg)

G1 0 21.9±1.9 6.7±0.8 6.8±0.9 3.8±0.4 3.8±0.4 4.3±0.5 4.3±0.4 34.1±6.6
30 21.1±2.1 6.4±0.9 6.6±0.9 3.9±0.5 3.8±0.3 4.3±0.7 4.3±0.6 34.3±9.5
60 20.1±2.9 6.2±0.9 6.3±0.8 3.5±0.6 3.6±0.5 4.3±0.6 4.2±0.6 26.6±6.5
90 22.1±2.1 6.5±0.6 6.6±0.6 4.0±0.4 4.0±0.4 4.1±0.7 4.2±0.8 28.0±6.6

120 22.6±2.1 6.7±0.9 6.8±0.8 4.3±0.38 4.3±0.3 4.2±0.6 4.2±0.7 36.2±7.3
G2 0 21.8±2.5 6.0±0.8 6.2±0.8 3.8±0.4 3.7±0.3 4.1±0.6 4.0±0.6 33.6±8.1

30 21.3±2.6 6.2±0.8 6.2±0.8 3.7±0.5 3.7±0.6 4.0±0.7 4.0±0.7 34.8±7.0
60 21.3±3.2 6.2±1.0 6.3±1.0 3.9±0.6 3.9±0.7 4.3±0.6 4.2±0.7 28.5±8.2
90 21.6±3.7 6.2±0.9 6.2±1.0 3.9±0.6 3.8±0.6 4.3±1.1 4.3±1.2 27.8±8.9

120 23.9±3.6 6.2±1.0 6.1±1.0 4.4±0.6 4.5±0.6 4.2±0.7 4.2±0.8 35.5±7.1
G1 = goats fed C. pyramidale hay, G2 = control group, SP = scrotal perimeter, BW = body weight, RT = right testis, LT = left testis.

Table 3. Seminal physical and morphological parameters of goats in the different periods of supply of Cenostigma pyramidale 

Group Period Volume
(mL)

Swirl
(0-5)

Vigor
(0-5) Motility (%) Conc. (x109/

mL) DMaj (%) DMin (%) DTot (%)

G1 0 0.7±0.3 3.6±0.4 3.4±0.4 81.4±6.9 3.6±1.2 6.1±3.1 23.2±8.1 29.3±7.4
30 0.5±0.3 2.9±1.4 3.3±1.6 73.0±29.9 4.7±1.4 2.2±1.6 15.7±5.7 17.9±6.0
60 0.7±0.6 3.3±1.2 4.2±0.8 85.0±15.2 4.7±1.8 2.9±2.4 12.3±3.5 15.2±5.3
90 0.4±0.3 3.7±0.8 3.5±0.6 82.0±4.5 4.2±1.6 1.6±0.8 11.6±3.8 13.3±3.3

120 0.7±0.3 3.0±1.6 3.8±1.2 78.3±17.2 4.4±1.4 3.3±0.5 8.5±3.0 11.0±2.9
G2 0 0.8±0.4 3.3±1.0 3.0±0.8 74.3±12.7 3.2±0.8 6.0±1.9 21.9±9.8 27.9±9.3

30 0.4±0.3 3.0±1.4 3.2±1.3 71.4±16.5 4.0±1.4 2.4±3.2 9.3±4.4 11.6±5.8
60 0.8±0.6 3.0±1.3 3.3±1.4 75.7±19.0 4.2±2.5 2.6±1.5 12.0±4.9 14.6±5.7
90 0.2±0.1 4.0±0.6 3.9±0.4 77.9±8.1 4.9±0.9 1.4±1.2 8.9±4.1 10.3±5.1

120 0.9±0.5 4.1±0.7 4.9±0.4 92.9±7.6 5.0±0.9 3.9±1.2 8.2±2.3 12.1±2.7
G1 = goats fed C. pyramidale hay, G2 = control group, Conc. = concentration, DMaj = major defects, DMin = minor defects, DTot = total defects. 
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and distal cytoplasmic gout pathologies in both experimental 
groups. These defects were considered less important. These 
values stabilized after 30 days.

Semen defects with a bent or coiled tail can be caused 
by failures in thermoregulation, testicular degeneration, 
hypoosmotic conditions, failures in epididymal transit, or 
thermal shock, especially when using cold formaldehyde to 
fix semen (Souza et al. 2011). Distal cytoplasmic gout and tail 
pathologies are associated with immaturity or reproductive 
rest (Arruda et al. 2015). Thus, these data corroborate the 
percentage of pathologies found in the present study, justifying 
that they were possibly caused by sexual rest and heat stress.

A relationship between testicular and live weight was 
observed in both groups. The animals in G1 presented higher 
means than those in G2. In domestic animals, testicular 
weight varies between species. It is determined by several 
factors, such as establishment of semen activity, increase 
in the population of germ cells, and number of Sertoli cells, 
directly affecting semen production. According to Rodrigues 
(2010), there is a fast growth of testicular weight between four 
and six months of age due to the accelerated growth of the 
tubular diameter and length and, consequently, of the volume 
of the seminiferous tubules in the testicular parenchyma. 
After this period, testicular growth stabilizes. Variations 
in testicular weight of goats at other ages are attributed 
to genetic characteristics and environmental, feeding and 
handling conditions.

The GSI corresponds to the somatic investment in gonadal 
mass, being a parameter that represents semen production 

from the high correlation between semen volume and testicular 
weight. The animals in G1 showed a higher percentage of LW 
allocated in the testes. This variable has a high correlation with 
live and testicular weights, and these averages were higher 
in G1 than in G2, which influenced the GSI found. Van Soest 
(1994) recommend at least 6-8% CP for rumen microbial 
fermentation efficiency, which may explain the higher LW 
verified G1 compared with G2. Cenostigma pyramidale hay 
exhibited a percentage of 10.82% of CP, higher than the 
recommended to meet the demand for nutrients, providing 
balance in feed use by ruminal microorganisms compared 
with Massai grass hay, with a CP percentage of 3.02%. 
According to Urbano et al. (2015), reducing CP consumption 
negatively influences weight gain and carcass quality. Also, 
higher percentages of NDF were observed in Massai grass hay 
compared with C. pyramidale hay. According to Ribeiro et al. 
(2020), increased NDF levels harms feeding efficiency and 
reduces weight gain. Therefore, ingestion of C. pyramidale 
hay promoted an increase in LW and, consequently, greater 
testicular weight, which contributed to increasing the GSI.

Diameter measurements of the seminiferous tubules indicate 
spermatogenic activity, testicular function, and development 
of the germinal epithelium. There are significant variations 
in these dimensions among the different domestic species 
(França & Godinho 2003). In this study, this measure was 
similar to that observed by Rodrigues (2010) for Alpine goats 
at one year of age, who found an average of 228 µm. A higher 
value was reported by Mohammed et al. (2011) in goats at two 
years of age, who reported an average of 258 µm. According 
to Morais et al. (2012), variation in the tubular diameter of 
mammals can be observed between different breeds, strains, 
and mating systems, remaining relatively constant in non-
seasonal and sexually mature animals. According to Avelar et 
al. (2010), the diameter of the seminiferous tubules depends 
on the tubular lumen size and on the total number of cells 
per cross-section of the seminiferous tubule. Various factors 
collaborate in the tubular diameter, such as the number of 
layers of germ cells and the efficiency and secretion of fluids 
by the Sertoli cells, which influence the tubular lumen size.

The morphometric study of the testes showed that the 
animals fed C. pyramidale hay presented higher means for the 
height of the seminiferous epithelium. According to Hoshino 
et al. (2002) this variable is higher in adult animals. This 
finding occurs because of the greater stimulus of mitosis and 
greater spermatogenesis, generating an extensive epithelium 
resulting from the larger number of cells.

Studies conducted with C. pyramidale extract revealed its 
cytotoxic effect through the Allium cepa test, which showed 
higher mitotic indices as a consequence of increased cell 
division and proliferation (Queiroz et al. 2018). Therefore, 
the height of seminiferous epithelium in G1 was possibly 
stimulated by ingestion of the plant, which acted on the germ 
cells, increasing cell division. However, it is not possible to 
conclude that the components of C. pyramidale were cytotoxic, 
which requires more detailed studies.

Mean proportional values referring to the testicular 
parenchyma components revealed similarity to the seminiferous 
tubules and intertubular tissue between the experimental 
groups, demonstrating that consumption of C. pyramidale 
did not alter the composition of the testicular parenchyma. 
Concerning the seminiferous tubules, the animals in this 

Table 4. Testicular weight and testicular morphometric 
parameters of goats fed Cenostigma pyramidale hay 

Parameters G1 G2
Testicular weight (g) 87.00±20.40 63.00±26.67
GSI (%) 0.48±0.08* 0.34±0.09
DST (µm) 226.61±7.96 225.25±5.96
LD (µm) 107.86±11.38 118.75±15.89
HGE (µm) 52.95±2.99* 47.63±2.67
LSI (%) 0.0009±0.0005 0.0007±0.0003
TSI (%) 0.2755±0.0481 0.2836±0.0634
LST (m) 2.407.34±144.81 2.442.32±139.52
LGT (m/g) 14.52±3.56 22.24±8.76

* Statistical difference (p>0.05); G1 = goats fed C. pyramidale hay, 
G2 = control group, GSI = gonadosomatic index, DST = diameter of 
seminiferous tubules, LD = lumen diameter, HGE = height of the germinal 
epithelium, LSI = leydigosomatic index, TSI = tubulosomatic index, LST = 
total length of seminiferous tubules, LGT = total length of seminiferous 
tubules per gram of testis. 

Table 5. Volumetric proportion of the components of the 
testicular parenchyma of goats fed Cenostigma pyramidale hay 

Parameters (%) G1 G2
Lumen 21.55±4.28 19.87±3.23
Germinal epithelium 73.89±3.28 75.65±3.11
Basement membrane 1.37±0.40 1.58±0.53
Connective tissue 2.62±1.78 2.38±1.00
Leydig cells 0.44±0.23 0.42±0.23
Blood vessel 0.14±0.5 0.10±0.3

G1 = goats fed C. pyramidale hay, G2 = control group. 
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study showed proportional values slightly above the average 
of most species, which vary between 60 and 90% (Russell et 
al. 1993). This fact is directly associated with the volumetric 
proportion occupied by the testis intertubular tissue, for 
which the animals in this study showed greater investment in 
seminiferous tubules compared with their intertubular space.

The tubulosomatic index is associated with volume of 
the seminiferous tubules in the testis and with animal LW. 
This parameter proposes quantifying the percentage of body 
investment in seminiferous tubules, allowing intra- and inter-
specific comparison between animals of different body sizes 
(Leite et al. 2006). A higher percentage than that observed 
in both experimental groups was described by Rodrigues 
(2010) in Alpine goats at 12 months of age with an average 
LW of 27 kg, where tubulosomatic index was 0.36%. This 
difference can be explained by the higher LW of the animals 
of the present study.

Variations in diameter and volume of the seminiferous 
tubules in the testicular parenchyma are reflected in the 
LST value variation. Thus, the larger the diameter of the 
seminiferous tubules, the smaller the LST value. The goats in 
G1 and G2 showed values higher than those of the crossbred 
goats studied by Lents et al. (2018), which presented LST of 
1,769.48 m and LGT of 13.06 m/g. This difference occurred 
because of the greater tubular diameter and volume values 
used to obtain these results.

CONCLUSION
Ingestion of Cenostigma pyramidale has no toxic effect on the 
testicular, seminal and histological parameters of goat testis. 
Due to its nutritional characteristics, consumption of this plant 
improves animal body development. Because C. pyramidale is 
adapted to semi-arid regions, it can be an alternative source 
of feed for goats during periods of shortage.
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