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• It was hypothesized that ingestion of SHB would not 
cause negative effects on reproductive health in rams.

• To test this hypothesis, histomorphometry, 
immunohistochemistry, and endocrinology were used to 
compare results between SHB feed trial groups.

Hypothesis & Objectives

• For immunohistochemistry, the procedure was:
o Bake slides at 60°C for 45 minutes.
o Deparaffinize and rehydrate in a series of 3 xylene and 3 

ethanol baths.
o Wash in buffer.
o Antigen retrieval via cooking slides in sodium citrate buffer.
o Wash in deionized water.
o Prevent endogenous peroxidase activity via incubation with 

3% hydrogen peroxide.
o Wash in deionized water.
o Prevent nonspecific binding via incubation with serum-free 

protein blocking buffer.
o Apply primary antibody (DAZL) and universal negative to 

labelled slides and incubate for 120 minutes.
o Wash in buffer.
o Apply secondary antibody and incubate for 30 minutes.
o Wash in buffer.
o Detect peroxidase activity via incubation with NovaRED.
o Wash in deionized water.
o Apply nuclear counter stain via incubation with hematoxylin.
o Dehydrate in a series of 3 ethanol and 3 xylene baths.
o Coverslip and bake at 37°C for 1 hour.

• The immunohistochemistry slides were photographed at 20X 
and 40X magnifications using bright field microscopy and 
image analysis was performed using NIH Image J software. 
(Figure 2). 
o For each tissue, five “islands” of Leydig cells were traced 

and measured for the mean gray value, then the mean of 
the five measurements was recorded. 

• For endocrinology, testosterone, dehydroepiandrosterone 
sulfate (DHEAS), and sex hormone binding globulin (SHBG) 
concentrations were measured via chemiluminescence using 
an Immulite® 1000 analyzer following the manufacturer’s 
instructions.

• For data analysis, the mean ± SEM for the seminiferous 
tubule diameter and mean gray value for each SHB group 
were compared to the control group using a Students t test. 
The mean ± SD for testosterone concentration for each SHB 
group was compared by repeated measured two-way analysis 
of variance between time, animal, treatment, and treatment X 
time. Significance was defined as p<0.05.

Methods (continued)
• Hemp products are a rapidly growing commodity, 

especially in Oregon.
o The associated production processes yield multiple 

tons of spent hemp biomass (SHB) every year.1
• SHB is high in protein and vitamins, indicating a good 

nutritional content for animals.2
o Since animal feed prices are rising and hemp producers 

have no use for SHB, it could serve as an inexpensive 
and sustainable feed option.

• There has been limited research on feeding hemp 
byproducts to livestock.
o Research in humans showed that ingestion of 

cannabidiols caused negative effects on reproductive 
health.3

o There have been no studies on the ingestion of SHB in 
any species.4,5
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• Rams fed SHB for the longest period had wider 
seminiferous tubule diameters compared to controls 
(p=0.0256) (Figure 3).

• SHB ingestion had did not significantly effect DAZL 
immunoexpression (p>0.10) (Figures 4-5). 

• Testosterone serum concentrations increased significantly 
over time in all groups (p=0.0011) but there was no effect 
of animal (p=0.5848), treatment (p=0.3038), or time X 
treatment (p=0.7496) (Figure 6). 

• DHEAS and SHBG serum concentrations were below the 
level of detection.

• Feeding SHB to rams did not have any negative effects 
on reproductive health.

• The increase in seminiferous tubule diameter in the group 
fed the highest amount of SHB for the longest time 
warrants further investigation as increased seminiferous 
tubule diameter could result in improved fertility as 
increased sperm output over time. 

Conclusions

• Blood samples were collected before, 4 weeks into the 
feed trial, and 8 weeks into the feed trial.
o Blood samples were allowed to clot, and serum was 

removed following centrifugation.
• Testicular biopsies were collected at the completion of the 

feeding trial in September 2020.
o Control – no SHB pellets fed
o 10% SHB 4 wk (LH1) – 10% SHB pellets for 4 weeks 

followed by no SHB pellets for 4 weeks
o 10% SHB 8 wk (LH2) – 10% SHB pellets for 8 weeks
o 20% SHB 4 wk (HH1) – 20% SHB pellets for 4 weeks 

followed by no SHB pellets for 4 weeks
o 20% SHB 8 wk (HH2) – 20% SHB pellets for 8 weeks

• Tissues were formalin-fixed, paraffin-embedded, serially 
sectioned (4 μm), and then mounted onto plain and 
charged microscope slides.

• For histomorphometry, plain slides were stained with 
hematoxylin and eosin and images of each tissue were 
captured using bright field microscopy (Leica DM4000B 
microscope, Qimaging camera, QCapturePro software).
o Perpendicular cross-sectional diameters from ten 

representative seminiferous tubules from each image 
were measured (Figure 1) and the average diameter 
was recorded for each individual.

Methods

Results (continued)

Figure 1: Measuring the 
histomorphometry of seminiferous 
tubules. (Photos by M. Meador).

Figure 3: Mean ± SEM seminiferous tubule diameter for the four 
SHB feeding treatment groups plus control group.

Figure 4: DAZL immunoexpression (arrows) in testicular tissue at 
20X and 40X magnifications. (Photos by M. Meador).

Figure 5: Mean ± SEM gray values for the four SHB feeding 
treatment groups plus control group.

Figure 6: Mean ± SD testosterone serum concentrations for the four 
SHB feeding treatment groups plus control group at each of the time 

intervals.
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Figure 2:
Immunohisto-
chemistry (A) 
and image 
analysis (B,C). 
(Photos by M. 
Meador). A B C
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