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INTRODUCTION 4 

1.  The OECD initiated a high-priority activity in 1998 to revise existing guidelines and to 5 
develop new guidelines for the screening and testing of potential endocrine disrupters (1). One 6 
element of the activity was to develop a test guideline for the rat Hershberger Bioassay. After 7 
several decades of use by the pharmaceutical industry, this assay was first validated by an 8 
official expert committee in 1962 as a screening tool for androgenic chemicals (2).  Over the last 9 
five years, the rat Hershberger Bioassay has undergone an extensive validation program 10 
including the compilation of a detailed methods paper (3), dissection guide and the conduct of 11 
extensive intra- and interlaboratory studies to show the reliability and reproducibility of the 12 
bioassay with  a potent reference androgen (testosterone propionate (TP)),  two potent synthetic 13 
androgens (trenbolone acetate and methyl testosterone),  a potent antiandrogenic pharmaceutical 14 
(flutamide),  a potent inhibitor of a natural androgen (dihydrotestosterone-DHT) synthesis 15 
(finasteride),  several weakly antiandrogenic pesticides (linuron, vinclozolin, procymidone, p,p’ 16 
DDT),  a potent 5 alpha reductase inhibitor (finasteride) and two known negative chemicals 17 
(dinitrophenol and nonylphenol (4)(5)(6)(7)(8).  This Test Guideline XXX is the outcome of the 18 
long historical experience with the bioassay and the experience gained during the validation test 19 
programme and the results obtained thereby. 20 
 21 

2. The Hershberger Bioassay is a short-term screening test that originated in the 1930’s 22 
using accessory tissues of the male reproductive tract and modified in the 1940’s to include 23 
androgen-responsive muscles in the male reproductive tract (2)(9-16).  In the 1960s, a 24 
standardized protocol was used to evaluate over 700 possible androgens (2)(14), and the assay’s 25 
use for both androgens and antiandrogens was considered a standard method in the 1960s 26 
(2)(15)(16).  The current bioassay is based on the changes in weight of five androgen-dependent 27 
tissues in the castrate-peripubertal male rat.  It evaluates the ability of a chemical to elicit 28 
biological activities consistent with androgen agonists or antagonists. The five androgen-29 
dependent tissue included in the Test Guideline XXX are the ventral prostate (VP), seminal 30 
vesicle (SV) (plus fluids and coagulating glands), levator ani-bulbocavernosus (LABC) muscle, 31 
paired Cowper’s glands (COW) and the glans penis (GP).  In the castrate-peripubertal male rat, 32 
these five tissues all respond to androgens with an increase in absolute weight.  When these same 33 
tissues are stimulated to increase in weight by administration of a potent reference androgen, 34 
these five tissues all respond to antiandrogens with a decrease in absolute weight. 35 
 36 

3.  This bioassay serves as an in vivo screening assay for androgens and antiandrogens and 37 
its application should be seen in the context of the “OECD Conceptual Framework for the 38 
Testing and Assessment of Endocrine Disrupting Chemicals”.  In this Conceptual Framework the 39 
Hershberger Bioassay is contained in Level 3 as an in vivo assay providing data about a single 40 
endocrine mechanism, i.e. (anti)androgenicity. 41 
 42 

4. The Hershberger Bioassay is an in vivo screening assay embedded within a battery of 43 
tests ultimately leading to hazard and risk assessments for human health or the environment.  As 44 
for all screening assays it should not fail to identify chemicals with intrinsic (anti)androgenic 45 



activity (no false negatives), while a low rate of false positives may be allowed for.  The above 46 
mentioned OECD validation program demonstrated sensitivity of the test procedure for 47 
antagonists and agonists as well as good intra- and interlaboratory reproducibility, and 48 
demonstrated a low rate of false positives with two negative compounds. 49 
 50 

INITIAL CONSIDERATIONS AND LIMITATIONS 51 

5. Androgen agonists and antagonists act as ligands for the androgen receptor and may 52 
activate or inhibit, respectively, gene transcription controlled by the receptor.  In addition, some 53 
chemicals inhibit the conversion of testosterone to the more potent natural androgen 54 
dihydrotestosterone in some androgen target tissues (5α-reductase inhibitors).  Such substances 55 
have the potential to lead to adverse health hazards, including reproductive and developmental 56 
effects. Therefore, the regulatory need exists to rapidly assess and evaluate a chemical as a 57 
possible androgen agonist or antagonist or 5α-reductase inhibitor.  While informative, the 58 
affinity of a ligand for an androgen receptor or transcriptional activation of reporter genes in 59 
vitro are not the only determinants of possible hazard.  Other determinants include metabolic 60 
activation and deactivation upon entering the body, substance distribution to target tissues, and 61 
clearance from the body. This leads to the need to screen the possible activity of a chemical in 62 
vivo under relevant conditions and exposure, unless the chemical’s characteristics regarding 63 
Absorption – Distribution – Metabolism – Elimination (ADME) are known.  Androgen-64 
dependent tissues respond with rapid and vigorous growth to stimulation by androgens, 65 
particularly in castrate-peripubertal male rats.  Rodent species, particularly the rat, are also 66 
widely used in toxicity studies for hazard characterization.  Therefore, the rat and these five 67 
target tissues in this assay are appropriate for the in vivo screening of androgen agonists and 68 
antagonists and 5α-reductase inhibitors. 69 
 70 

6. This Guideline is based on those protocols employed in the OECD validation study 71 
which have been shown to be reliable and repeatable in intra- and interlaboratory studies 72 
(4)(5)(6)(7)(8).   73 
 74 
7. Although there was some variation in the dose of TP used to detect antiandrogens in the 75 
OECD Hershberger Bioassay validation program by the different laboratories (0.2 versus 0.4 76 
mg/kg/d sc) there was little difference between these two protocol variations in the ability to 77 
detect weak or strong antiandrogenic activity.  However, it is clear that the dose of TP should not 78 
be too high as to block the effects of weak androgen receptor (AR) antagonists or so low that the 79 
androgenic tissues display little growth response even without antiandrogen coadministration.  80 
  81 

8.  The growth response of the individual androgen-dependent tissues is not entirely of 82 
androgen origin, i.e. compounds other than androgen agonists can alter the weight of certain 83 
tissues.  The growth response of several tissues is then more specific.  For example, high doses 84 
of potent estrogens can increase the weight of the seminal vesicles.  However, the other 85 
androgen-dependent tissues in the assay do not respond in a similar manner.  Antiandrogenic 86 
chemicals can act either as androgen receptor antagonists or 5α-reductase inhibitor.  5α-87 
reductase inhibitors have a variable affect, because the conversion to more potent 88 
dihydrotestosterone varies by tissue.  For example, the VP is relatively dependent on 5α-89 
reductase activity, and the LABC is much less so.  In addition, the androgen receptor is 90 
evolutionarily related to other steroid hormones, and some other hormones, when administered at 91 
high, supraphysiological dosage levels, can bind and antagonize the growth-promoting effects of 92 



TP.  Further, it also is plausible that enhanced steroid metabolism and a consequent lowering of 93 
serum testosterone could reduce androgen-dependent tissue growth.  Therefore, any positive 94 
outcome in the Hershberger Bioassay should normally be evaluated using a weight of evidence 95 
approach, including in vitro assays, such as the AR and ER binding assays and corresponding 96 
transcriptional activation assays, or from other in vivo assays such as similar androgen target 97 
tissues in the male pubertal assay and 91-day repeat dose studies. 98 
 99 

9.  Experience indicates that xenobiotic androgens are rare and that xenobiotic antiandrogens 100 
are more common.  The expectation then is that the Hershberger bioassay will be used most 101 
often for the screening of androgen antagonists.  However, the procedure to test for androgens 102 
could, nevertheless, be recommended for steroidal or steroid-like chemicals or for chemicals for 103 
which an indication of possible androgenic effects was derived from in-development methods 104 
contained in level 1 or 2 of the conceptual framework.  Similarly, adverse effects associated with 105 
(anti)androgenic profiles may be observed in level 5 assays, leading to the need to assess whether 106 
a substance operates by an endocrine mode of action. 107 
 108 
10.   It is acknowledged that all animal based procedures will conform to local standards of 109 
animal care; the descriptions of care and treatment set forth below are minimal performance 110 
standards, and will be superseded by local regulations. Further guidance of the humane treatment 111 
of animals is given by the OECD (17). 112 
 113 
11. Definitions used in this Test Guideline are given in ANNEX 1. 114 
 115 

PRINCIPLE OF THE TEST 116 

12.  The Hershberger Bioassay achieves its sensitivity by using castrated males and providing 117 
adequate time after castration for the target tissues to regress to a minimal and uniform baseline 118 
weight.  Thus, for androgens, there are low endogenous levels of circulating androgens, the 119 
hypothalamic-pituitary- gonad axis is unable to compensate via feedback mechanisms, the ability 120 
of the tissues to respond is maximized, and the starting tissue weight variability is minimized.  121 
For antiandrogens, a more consistent tissue weight gain can be achieved when the tissues are 122 
stimulated by a reference androgen.  As a result, the Hershberger Bioassay requires only 6 123 
animals per dose group whereas other assays with intact pubertal or adult males suggest using 15 124 
males per dose group. 125 
 126 

13. Castration of peripubertal male rats must be done in a humane manner using appropriate 127 
approved anesthetics and aseptic technique.  Analgesics should be administered on the first few 128 
days following surgery to eliminate post-surgical discomfort. Castration enhances the precision 129 
of the assay to detect weak androgens and antiandrogens by eliminating compensatory endocrine 130 
feed back mechanisms present in the intact animal that can attenuate the effects of administered 131 
androgens and antiandrogens and by eliminating the large inter-individual variability in serum 132 
testosterone levels.  Hence, castration is humane and it reduces the numbers of animals required 133 
to screen for these endocrine activities.  134 
 135 

14.  For androgens, the test substance is administered daily by oral gavage for a period of ten 136 
consecutive days.  Graduated test substance doses are administered to a minimum of two 137 
treatment groups of experimental animals using one dose level per group.  The animals are 138 
necropsied approximately 24 hours after the last dose.  A dose responsive, statistically significant 139 



increase in the target organ weights of the test substance groups compared to the vehicle control 140 
group indicates that the test substance is positive for potential androgenic activity.  Androgens, 141 
like trenbolone that cannot be 5 alpha reduced have more pronounced effects on the LABC and 142 
GP versus TP, but all tissues should display increased growth.   143 
 144 
15. For antiandrogens, the test substance is administered daily by oral gavage for a period of 145 
ten consecutive days in concert with daily TP doses (0.2 or 0.4 mg/kg/d) by sc injection.  146 
Graduated test substance doses are administered to a minimum of two treatment groups of 147 
experimental animals using one dose level per group.  The animals are necropsied approximately 148 
24 hours after the last dose.  A dose responsive, statistically significant decrease in the target 149 
organ weights of the test substance plus TP groups compared to the TP only control group 150 
indicates that the test substance is positive for potential antiandrogenic activity.  Antiandrogens 151 
that inhibit 5 alpha reductase, like finasteride, have more pronounced effects in the ventral 152 
prostate than other tissues as compared to a potent AR antagonist, like flutamide. 153 
 154 
16.  The specifics for both androgen and antiandrogen procedure are presented herein. 155 
 156 
17.  As in any bioassay using experimental animals, careful considerations should be given to 157 
the necessity to carry out this study.  Basically there may be two reasons for such a decision: 158 

 159 
• high exposure potential (Level 1 of the Conceptual Framework) and indications for 160 

(anti)androgenicity in in vitro assays (Level 2) supporting investigations whether such 161 
effects may occur in vivo. 162 

• effects consistent with (anti)androgenicity in Level 4 or 5 in vivo tests supporting 163 
investigations of the specific mode of action, e.g., were the effects due to an 164 
(anti)androgenic mechanism. 165 

 166 

DESCRIPTION OF THE METHOD 167 

Selection of species and strain  168 

18. The rat has been routinely used in the Hershberger Bioassay since the 1930s.  Although it 169 
is biologically plausible that both the rat and mouse would display similar responses, based upon 170 
70 years of experience with the rat model, the rat is the species of choice for the Hershberger 171 
Bioassay.  In addition, since Hershberger Bioassay data may be preliminary to a long-term 172 
multigenerational study, this allows animals from the same species, strain and source to be used 173 
in both studies.  Commonly used laboratory strains of healthy animals should be employed. 174 
 175 

19.   Commonly used laboratory rat strains may be used; however, strains that mature 176 
significantly later than 42 days of age should not be used, since castration of these males at 42 177 
days of age could preclude measurement of glans penis weights.  If such a strain were used, then 178 
the laboratory should castrate them at a slightly older age and be able to demonstrate the 179 
sensitivity of the strain used. 180 
 181 

Housing and feeding conditions 182 

20.  All procedures should conform to all local standards of laboratory animal care.  These 183 
descriptions of care and treatment are minimum standards and will be superseded by local 184 
regulations, when present.  The temperature in the experimental animal room should be 22°C 185 
(with an approximate range ± 3°C).  The relative humidity should be a minimum of 30% and 186 



preferably should not exceed a maximum 70%, other than during room cleaning.  The aim 187 
should be relative humidity of 50-60%.  Lighting should be artificial. The daily lighting sequence 188 
should be 12 hours light, 12 hours dark. 189 
 190 

21.  Laboratory diet and drinking water should be provided ad libitum.  Laboratories 191 
executing the Hershberger Bioassay should use the laboratory diet normally used in their 192 
chemical testing work.  In the validation studies of the Bioassay, no effects or variability were 193 
observed that were attributable to the diet.  The diet used will be recorded and a sample of the 194 
laboratory diet will be retained for possible future analysis.   195 
 196 

22. Due to the young age of the immature animals and the fact that rats are social animals, 197 
group housing of 2-3 rats per cage is preferably to isolation.  Three animals or less per cage 198 
avoids crowding and associated stress that may interfere with the hormonal control of the 199 
development of the sex accessory tissue.  Cages should be thoroughly cleaned to remove 200 
possible contaminants and arranged in such a way that possible effects due to cage placement are 201 
minimized. 202 
 203 

23.   Each animal will be identified individually (e.g., ear mark or tag).  The method of 204 
identification will be recorded. 205 
 206 

24.  Although high levels of phytoestrogens in laboratory diets have not been shown to affect 207 
the endpoints in the Hershberger Bioassay, as a precaution the dietary recommendations should 208 
comply with those described for the Uterotrophic Bioassay. The presence of phytoestrogens 209 
results primarily from the inclusion of soy and alfalfa products in the laboratory diets.  Similarly, 210 
since there are many dietary (metabolizable energy, fat content, vitamin supplementation, 211 
potential contaminants and etc) and other environmental (cage material, bedding, etc) factors that 212 
also could potentially impact on the outcome of the Hershberger Bioassay, these factors need to 213 
controlled and considered as a source of variation if situations arise in which positive or negative 214 
controls fail to respond normally.   Here, as in the Uterotrophic Bioassay, limited quantities of 215 
dietary phytoestrogens are acceptable and do not reduce the sensitivity of the bioassay. As a 216 
guide, dietary levels of phytoestrogens should not exceed 350 µg of genistein equivalents/gram 217 
of laboratory diet for immature male rats.  218 
 219 

25.  When chemicals are administered at dose levels that produce changes in body weight below 220 
the MTD (maximum reduction in necropsy weight of 10%), body weight is not an important 221 
variable in the Hershberger Bioassay.  It is evident that among the different strains of rats used 222 
successfully in the validation program that androgen-dependent organ weight are larger in the 223 
heavier rat strains than in the lighter strains.  For this reason, the Hershberger Bioassay 224 
performance criteria do not include absolute expected organ weights for positive and negative 225 
controls.  Although these organ weights covary among strains with body weights, within a strain 226 
in a specific study the variation should be relatively low and the correlation with body weight is 227 
negligible.  Hence, the Hershberger Bioassay performance criteria include CV values for each 228 
organ but not absolute organ weights.  Laboratories should examine the data from each treatment 229 
group to determine if these performance criteria are met.  In cases where the CVs of the control 230 
groups exceed the expected historical CV values by more than two-fold the ability to detect 231 
treatment effects is seriously compromised and the study may need to be repeated after the 232 
source of variability is identified.  In some cases, high CV values result from errors in data 233 



recording.  For this reason, individual data should be examined for biologically implausible 234 
results whereas, in some other cases, additional training in conduct of necropsy may be required.     235 
 236 
PROCEDURE 237 
 238 
Regulatory compliance and laboratory verification 239 
26. The assay should be conducted in conformity with the OECD Good Laboratory Practice 240 
and Quality Assurance Procedures (18). 241 
 242 
27. On a regular basis or prior to the study, the responsiveness of the test system (animal 243 
model) should have been verified in the laboratory using appropriate dose(s) of a reference 244 
androgen: testosterone propionate (CAS No. 57-82-5) (TP) to examine whether a statistically 245 
significant increase in the five male accessory tissues  as compared to the vehicle control group 246 
is achieved. If this is not the case, then the experimental design should be modified. 247 
 248 
 Strain 249 

28.  This protocol allows laboratories to select the strain of rat to be used in the validation of 250 

the assay. The selection should be the strain used historically by the participating laboratory, but 251 

should not include strains like the Fisher 344 rat. The Fisher 344 rat has a different timing of 252 

sexual development compared to other more commonly used strains such as Sprague Dawley or 253 

Wistar strains. Where the screening assay may be preliminary to a repeated dose oral study, a 254 

reproductive and developmental study, or a long-term study, preferably animals from the same 255 

strain and source should be used in all studies 256 

 257 

 258 
Number and condition of animals 259 
29. Each treated and control group should include at a minimum of 6 animals.  This applies 260 
to both the androgenic and antiandrogenic protocols. 261 
 262 
Castration 263 
30. There should be an initial acclimatization period of several days after receipt of the 264 
animals to ensure that the animals are healthy and thriving.  Since animals castrated before 42 265 
days of age or postnatal day (pnd) 42 may not display preputial separation, animals should be 266 
castrated on pnd 42 or thereafter, not before.  The animals are castrated under anesthesia by 267 
placing an incision in the scrotum and removing both testes and epididymides with ligation of 268 
blood vessels and seminal ducts.  After confirming that no bleeding is occurring, the scrotum 269 
should be closed with suture or autoclips.  Animals can be treated with analgesics for the first 270 
few days after surgery to alleviate any post-surgical discomfort.  If castrated animals are 271 
purchased from an animal supplier, the age of animals and stage of sexual maturity should be 272 
assured by the supplier. 273 
 274 

Acclimatization after castration 275 
31. The animals should continue acclimation to the laboratory conditions to allow for the 276 
regression in the target tissue weights for a minimum of 7 days following castration.  Animals 277 
will be observed daily, and any animals with evidence of disease or physical abnormalities will 278 



be removed.  Thus, treatment with initiation of dosing (on study) may commence as early as pnd 279 
49 days of age, but not later than pnd 60.  Age at necropsy should not be greater than pnd 70. 280 
This flexibility allows a laboratory to schedule the experimental work efficiently. 281 
 282 
Body weight and group randomization 283 
32. Differences in individual body weights are a source of variability in tissues weights both 284 
within and among groups of animals.  Increasing tissue weight variability results in an increased 285 
coefficient of variation (CV) and decreases the statistical power of the assay (sometimes referred 286 
to as assay sensitivity).  Therefore, variations in body weight should be both experimentally and 287 
statistically controlled. 288 
 289 
33. Experimental control involves producing small variations in body weight within and 290 
among the study groups.  First, unusually small or large animals should be avoided and not 291 
placed in the study cohort.  A study commencement the weight variation of animals used should 292 
not exceed ± 20 % of the mean weight (e.g. 175g ± 35g). Second, animals should be assigned to 293 
groups (both control and treatment) by randomized weight distribution, so that mean body 294 
weight of each group is not statistically different from any other group.  The block randomization 295 
procedure used should be recorded. 296 
 297 
34. Because toxicity may decrease the body weight of treated groups relative to the control 298 
group, the body weight on the first day of test substance administration could be used as the 299 
statistical covariate, not the body weight at necropsy. 300 

 301 
Dosage 302 
35. Generally, a minimum of two test groups and a control group should be used.  Except for 303 
treatment with the test substance, animals in the control group should be handled in an identical 304 
manner to the test group subjects.  If a vehicle is used in administering the test substance, the 305 
control group should receive the vehicle in the highest volume used with the test groups. 306 
 307 
36. All dose levels should be proposed and selected taking into account any existing toxicity 308 
and (toxico-) kinetic data available for the test compound or related materials.  The highest dose 309 
level should first take into consideration the LD50 and/or acute toxicity information in order to 310 
avoid death, severe suffering or distress in the animals (17)(18)(19) and second take into 311 
consideration available information on the maximum tolerated dose in subchronic and chronic 312 
studies.  In general, the MTD should not cause a reduction in the final body weight of the 313 
animals greater than 10% of control weight. The highest dose should represent the limit dose, a 314 
maximum tolerated dose (MTD) or a dose inducing (anti)androgenic effects.  Thereafter, one or 315 
more reduced dose levels should be selected with a view to demonstrating any dosage related 316 
response and identifying a no-observed-effects-level (NOEL). As a screen, large intervals (e.g. 317 
one half log units corresponding to a dose progression of 3.2 or even one log units) between 318 
dosages are acceptable.  If there are no suitable data available, a range finding study may be 319 
performed to aid the determination of the doses to be used. 320 
 321 
Limit test 322 
37. If a test at one dose level of at least 1000 mg/kg body weight/day using the procedures 323 
described for this study, fails to produce a statistically significant change in reproductive organ 324 
weights, then additional dose levels may be considered unnecessary.  The limit test applies 325 
except when human exposure data indicate the need for a higher dose level to be used. 326 
 327 
 328 



Considerations for range finding 329 
38. If necessary, a preliminary range finding study can be carried out with few animals 330 
[modified OECD guidelines for acute toxicity testing (TG 420, TG 423, TG 425)].  The objective 331 
in the case of the Hershberger Bioassay is to select doses that ensure animal survival and that are 332 
without significant toxicity or distress to the animals after ten consecutive days of chemical 333 
administration up to a limit dose of 1000 mg/kg/d.  In this respect an OECD Guidance Document 334 
(17) may be used defining clinical signs indicative of toxicity or distress to the animals.  If 335 
feasible within this range finding study after ten days of administration, the mandatory target 336 
tissues may be excised and weighed approximately 24-hours after the last dose is administered. 337 
These data could then be used to assist the main study design (select an acceptable maximum and 338 
lower doses and recommend the number of dose groups). 339 
 340 

Laboratory health and safety requirements 341 
39. The test substances should be treated as possible reproductive and developmental 342 
toxicants with appropriate precautions instituted to protect laboratory personnel, e.g. necessary 343 
training, labeling and storage procedures, protective handling procedures during dose preparation 344 
and dose administration, and appropriate protective equipment. 345 
 346 

Reference substances and vehicle 347 
40. The reference androgen agonist will be Testosterone Propionate (TP), CAS No 57-82-5.  348 
The reference TP dosage may be either 0.2 mg/kg-bw/d or 0.4 mg/kg-bw/d.  The reference 349 
androgen antagonist could be Flutamide (FT), CAS No 1311-84-7.  The reference FT dosage 350 
should be 3 mg/kg-bw/d, and the FT should be coadministered with the reference TP dosage. 351 
 352 
41. It is recommended that, wherever possible, the use of an aqueous solution/suspension be 353 
considered first. However, many androgen ligands or their metabolic precursors tend to be 354 
hydrophobic, the most common approach is to use a solution/suspension in oil (e.g. corn, peanut, 355 
sesame or olive oil).  Test substances can be dissolved in a minimal amount of 95% ethanol or 356 
other appropriate solvents and diluted to final working concentrations in the test vehicle.  The 357 
toxic characteristics of the solvent must be known, and should be tested in a separate solvent-358 
only control group.  If the test substance is considered stable, gentle heating and vigorous 359 
mechanical action can be used to assist in dissolving the test substance.  The stability of the test 360 
substance in the vehicle should be determined.  If the test substance is stable for the duration of 361 
the study, then one starting aliquot of the test substance may be prepared, and the specified 362 
dosage dilutions prepared daily using care to avoid contamination and spoilage of the samples. 363 
 364 
Administration of doses 365 

42.   TP will be administered by subcutaneous injection, and FT by oral gavage. 366 

43.  The test compound is administered by oral gavage or subcutaneous injection. Animal 367 
welfare considerations and the physical/chemical properties of the test material need to be taken 368 
into account when choosing the route of administration.  In addition, toxicological aspects like 369 
the relevance to the human route of exposure to the chemical (e.g. oral gavage to model 370 
ingestion, subcutaneous injection to model inhalation or dermal adsorption) and existing 371 
toxicological information and data on metabolism and kinetics (e.g. need to avoid first pass 372 
metabolism, better efficiency via a particular route) should be taken into account before 373 
extensive, long-term testing is initiated if positive results are obtained by injection.      374 
 375 
44.  The animals will be dosed in the same manner and time sequence for ten consecutive 376 



days at approximately 24 hour intervals.  The dosage level will be adjusted daily based on the 377 
concurrent daily measures of body weight.  The volume of dose and time that it is administered 378 
will be recorded on each day of exposure.  Care must be taken in order not to exceed the 379 
maximum tolerated dose to allow a meaningful interpretation of the data.  Reduction of body 380 
weight, clinical signs, and other findings should be thoroughly assessed in this respect.  For oral 381 
gavage, a stomach tube or a suitable intubation cannula should be used. The maximum volume 382 
of liquid that can be administered at one time depends on the size of the test animal.  Local 383 
animal care guidelines should be followed, but the volume should not exceed 5 ml/kg body 384 
weight, except in the case of aqueous solutions where 10 ml/kg body weight may be used.  For 385 
subcutaneous injections, doses should be administered to the dorsoscapular and or lumbar 386 
regions via sterile needle (e.g. 23- or 25-gauge) and a tuberculin syringe.  Shaving the injection 387 
site is optional.  Any losses, leakage at the injection site or incomplete dosing should be 388 
recorded.  The total volume injected per rat per day should not exceed 0.5 ml/kg body weight.  389 
 390 
Specific procedures for androgen agonists 391 
45. For androgen agonists, the vehicle is the negative control, and the TP-treated group is the 392 
positive control.  Biological activity consistent with androgen agonists is tested by administering 393 
a test substance to treatment groups at the selected doses for 10 consecutive days.  The weights 394 
of the five sex accessory tissues from the test chemical groups are compared to the vehicle group 395 
for statistically significant increases in weight. 396 
 397 
Specific procedures for androgen antagonists 398 
46. For androgen antagonists, the TP-treated group is the negative control, and the group 399 
coadministered reference doses of TP and FT is the positive control.  Biological activity 400 
consistent with androgen antagonists and 5-alpha reductase inhibitors is tested by administering a 401 
reference dose of TP and administering the test substance for 10 consecutive days.  In some of 402 
the tissues, TP is converted to a more potent form, DHT, by 5-α reductase.  The weights of the 403 
five sex accessory tissues from the TP plus test chemical groups are compared to the reference 404 
TP-only group for statistically significant decreases in weights. 405 
 406 

OBSERVATIONS 407 

Clinical observations 408 

47.  General clinical observations should be made at least once a day and more frequently 409 
when signs of toxicity are observed. Observations should be carried out preferably at the same 410 
time(s) each day and considering the period of anticipated peak effects after dosing. All animals 411 
are to be observed for mortality, morbidity and general clinical signs such as changes in 412 
behaviour, skin, fur, eyes, mucous membranes, occurrence of secretions and excretions and 413 
autonomic activity (e.g. lacrimation, piloerection, pupil size, unusual respiratory pattern). 414 
 415 
48. Any animal found dead will be removed and disposed of without further data analysis. 416 
Any mortality of animals prior to necropsy will be included in the study record together with any 417 
apparent reasons for mortality. 418 
 419 

Body weight and food consumption 420 

49.  All animals should be weighed daily to the nearest 0.1 g, starting just prior to initiation of 421 
treatment i.e., when the animals are allocated into groups. As an optional measurement, the 422 



amount of food consumed during the treatment period may be measured per cage by weighing 423 
the feeders. The food consumption results should be expressed in grams per rat per day. 424 
 425 

Dissection and measurement of tissue and organ weights 426 
50.  Approximately 24 hours after the last administration of the test substance, the rats will be 427 
euthanized and exsanguinated according to the normal procedures of the participating laboratory, 428 
and necropsy carried out. The method of humane killing will be recorded in the laboratory 429 
report. 430 
 431 
51.  The order in which the animals are necropsied will be designed such that one animal 432 
from each of the groups is necropsied in a random fashion before necropsy of the second animal 433 
from each group. In this way, all the animals in the same treatment group are not necropsied at 434 
once. 435 
 436 
52.  The five androgen-dependent tissues (VP, SV, LABC, COW, GP) are mandatory 437 
measurements.  These tissues will be excised, carefully trimmed of excess adhering tissue and 438 
fat, and their fresh (unfixed) weights determined.  Each tissue should be handled with particular 439 
care to avoid the loss of fluids and to avoid desiccation, which may introduce significant errors 440 
and variability by decreasing the recorded weights.  Several of the tissues may be very small or 441 
difficult to dissect, and this will introduce variability.  Therefore, it is important that persons 442 
carrying out the dissection of the sex accessory tissues are familiar with standard dissection 443 
procedures for these tissues.  A standard operating procedure (SOP) manual for dissection is 444 
available from the OECD (2)(21).  Careful training according to the SOP guide will minimize a 445 
potential source of variation in the study.  Ideally the same prosector should be responsible for 446 
the weighing a given tissue to eliminate inter-individual differences in tissue processing. If this is 447 
not possible, the necropsy should be designed such that each prosector weighs a given tissue 448 
from all treatment groups as opposed to one individual weighing all tissues from a control group, 449 
while someone else is responsible for the treated groups.  Each sex accessory tissues will be 450 
weighed without blotting to the nearest 0.1 mg, and the weights recorded for each animal. 451 
 452 

53.  Liver, paired kidney, and paired adrenal weights are optional measurements. Again, 453 
tissues should be trimmed free of any adhering fascia and fat.  The liver will be weighed and 454 
recorded to the nearest 0.1 g, and the paired kidneys and paired adrenals will be weighed and 455 
recorded to the nearest 0.1 mg. 456 
 457 
54.  The serum hormones LH and T are optional measurements. In those cases, the rats will 458 
be anesthetized prior to necropsy and blood taken by cardiac puncture, and the method of 459 
anesthesia should be chosen with care so that it does not affect hormone measurement. Serum T4 460 
and T3 also are optional measures.  These would provide useful supplemental information about 461 
the ability to disrupt thyroid hormone homeostasis.   The method of serum preparation, the 462 
source of radioimmunoassay or other measurement kits, the analytical procedures, and the results 463 
should be recorded. LH levels should be reported as ng per ml of serum, and T should also be 464 
reported as ng per ml of serum. 465 
 466 

55.  The dissection of the tissues is described as follows with a detailed dissection guide with 467 
photographs published as supplementary materials as part of the validation program (2)(21). 468 
 469 

• With the ventral surface of the animal upwards, determine if the prepuce of the penis 470 



has separated from the glans penis. If so, then retract the prepuce and remove the glans 471 
penis, weigh (nearest 0.1 mg), and record the weight; 472 

• Open the abdominal skin and wall, exposing the viscera.  Remove and weigh liver to 473 
nearest 0.1 g, remove the stomach and intestines, remove and weigh the paired kidneys 474 
and paired adrenals to the nearest 0.1 mg.  This dissection exposes the bladder and 475 
begins the dissection of the mandatory male accessory tissues. 476 

• To dissect the VP, separate bladder from the ventral muscle layer by cutting connective 477 
tissue along the midline.  Displace the bladder anteriorly towards the seminal vesicles 478 
(SV), revealing the left and right lobes of the ventral prostate (covered by a layer of 479 
fat). Carefully tease the fat from the right and left lobes of the VP.  Gently displace VP 480 
right lobe from the urethra and dissect the lobe from the urethra.  While still holding 481 
right VP lobe of the ventral prostate, gently displace the VP left lobe from the urethra 482 
and then dissect; weigh to nearest 0.1 mg and record the weight. 483 

• To dissect the SCVG, displace the bladder caudally, exposing the vas deferens and right 484 
and left lobes of the seminal vesicles plus coagulating glands (SVCG). Prevent leakage of 485 
fluid by clamping a hemostat at the base of the SVCGs, where the vas deferens joins the 486 
urethra. Carefully dissect the SVCGs, with the hemostat in place trim fat and 487 
adnexa away, place in a tared weigh-boat, remove the hemostat, and weigh to the 488 
nearest 0.1 mg and record the weight. 489 

• To dissect the levator ani plus bulbocavernosus muscles (LABC), the muscles and the 490 
base of the penis are exposed.  The LA muscles wrap around the colon, while the 491 
anterior LA and BC muscles are attached to the penile bulbs.  The skin and adnexa 492 
from the perianal region extending from the base of the penis to the anterior end of the 493 
anus are removed.  The BC muscles are gradually dissected from the penile bulb and 494 
tissues.  The colon is cut in two and, the full LABC can be dissected and 495 
removed.  The LABC should be trimmed of fat and adnexa, weighed to the nearest 0.1 496 
mg, and record the weight. 497 

• After the LABC has been removed, the round Cowper's or bulbourethral glands 498 
(COW) are visible at the base of, and slightly dorsal to, the penile bulbs.  Careful 499 
dissection is required to avoid nicking the thin capsule in order to prevent fluid leakage.  500 
Weigh the paired COW to the nearest 0.1 mg, and record the weight. 501 

• In addition, if fluid is lost from any gland during the necropsy and dissection, this should 502 
be recorded. 503 

 504 
56. If the evaluation of each chemical requires necropsy of more animals than is reasonable 505 
for a single day, necropsy may be staggered on two consecutive days. In this case the work could 506 
be divided so that necropsy of 3 animals per treatment per day (1 cage) takes place on the first 507 
day with the dosing and necropsy being delayed by one day in the second half of the animals. 508 
 509 
57. Carcasses will be disposed of in an appropriate manner following necropsy. 510 
 511 

REPORTING 512 

Data 513 

58.  Data will be reported individually (i.e. body weight, accessory sex tissue weights, 514 
optional measurements and other responses and observations) and for each group of animals 515 
(means and standard deviations). The data will be summarized in tabular form. The data will 516 
show the number of animals at the start of the test, the number of animals found dead during the 517 
test or found showing signs of toxicity, a description of the signs of toxicity observed, including 518 



time of onset, duration and severity.  519 
 520 
59. A final report shall include: 521 
Testing facility: 522 

- Name of facility, location 523 
- Principal investigator and other personnel and their study responsibilities 524 
- Dates study began and ended 525 

 526 
Test substance: 527 

- Identity, purity, and characterization of the test substance(s) 528 
- Physical nature and, where relevant, physicochemical properties; 529 
- Storage conditions and the method and frequency of dilution preparation 530 
- Any data generated on stability 531 
- Any analyses of dosing solutions 532 

 533 
Vehicle: 534 

- Characterization of the vehicle (nature, supplier and lot #) 535 
- Justification of the vehicle choice (if other than water) 536 

 537 
Test animals and animal husbandry procedures: 538 

- Species/strain used 539 
- Source or supplier of animals, including full address 540 
- Number and age of animals supplied 541 
- Housing conditions (temperature, lighting, and so on), diet used, source of diet, diet lot, 542 

bedding and bedding source; 543 
- Caging conditions and number of animals per cage; 544 
- Age at castration and time of acclimatization after castration; 545 
- Individual weights of animals at the start of the study (to nearest 0.1 g); 546 
- Randomization process and a record of the assignment to vehicle, reference, and test 547 
  substance groups; 548 
- Mean and standard deviation of the body weights for each group throughout the study; 549 
- Necropsy procedures, including means of exsanguinations and any anesthesia 550 
- If serum analyses are performed, the RIA procedure, source of RIA kits, procedure for 551 

scintillation counting, and standardization. 552 
Results: 553 

- Daily observations for each animal during dosing, including: 554 
- Body weights (to the nearest 0.1 g), 555 
- Clinical signs (if any), 556 
- If an assay for antiandrogenicity, the TP treatment (dose and volume), 557 
- Test substance treatment (dose and volume), 558 
- Time of dosing 559 
- Any measurement or notes of food consumption. 560 

- Necropsy observations for each animal, including: 561 
- Date of necropsy, 562 
- Animal treatment group, 563 
- Animal ID, 564 
- Prosector, 565 
- Time of day necropsy and dissection are performed, 566 
- Animal age,  567 
- Final body weight at necropsy, 568 



- Order of animal exsanguination and dissection at necropsy, 569 
- Weights of five mandatory sex accessory tissues, glands and liver: 570 

- Ventral prostate (to the nearest 0.1 mg) 571 
- Seminal vesicles plus coagulating glands, including fluid (paired, to               572 
nearest 0.1 mg) 573 
- Levator ani plus bulbocavernosus muscle complex (to nearest 0.1 mg) 574 
- Glans penis (fresh weight to nearest 0.1 mg), and 575 
- Cowper’s glands (fresh weight – paired, to nearest 0.1 mg). 576 
- Liver (to nearest 0.1 g) 577 

- Weights of optional tissues, if performed: 578 
- Kidney (paired, to nearest 0.1 mg) 579 
- Adrenal (paired, to nearest 0.1 mg) 580 

- General remarks and comments 581 
 - Analyses of serum hormones, if performed. 582 

 - Serum LH (optional – ng per ml of serum), and 583 

 - Serum T (optional – ng per ml of serum) 584 

 - General remarks and comments 585 

Data summarization: Data should be summarized in tabular form containing the sample size for 586 
each group, the mean of the value, and the standard error of the mean or the standard deviation. 587 
Tables should include necropsy body weights, body weight changes from the beginning of 588 
dosing until necropsy, mandatory tissues weights (VP, SVCG, LABC, GP, and COW), and any 589 
optional organ weights. 590 
 591 

Analysis of results 592 
60.  Body and organ weights at necropsy should first be analyzed for their statistical 593 
characteristics such as homogeneity beginning with one-way ANOVAs.  The ANOVA model 594 
could include initial bodyweight on the first day of dosing as a covariate.  If any data display 595 
heterogeneity of variance, then appropriate data transformations should be employed.  Often log 596 
transformation is required because the variance is proportional to the mean.  If the study was 597 
conducted in phases, then the analysis is a two-way ANOVA with Phase and Treatment as main 598 
effects, again, bodyweight is used as a covariate.  For organ and tissue weight data, bodyweight 599 
at necropsy could be used as a covariate in the model if the treatment did not affect growth rates, 600 
but the analysis should not include "relative organ" weights, generated by dividing the organ 601 
weight by body weight due to the invalid statistical assumptions underlying this data 602 
manipulation.  Often log transformation of serum hormone data, if collected, is required because 603 
the variance is proportional to the mean. 604 
 605 
61. For androgen agonism, the test substance groups will be compared to the vehicle control.  606 
A statistically significant increase in tissue weight (p ≤ 0.05) will be considered a positive 607 
androgen agonist result.  Individual treatment group comparisons to the control group can be 608 
done using two tailed t-test or a Dunnett’s one tailed test.  Androgens, like trenbolone that cannot 609 
be 5 alpha reduced have more pronounced effects on the LABC and GP versus TP, but all tissues 610 
should display increased growth.   611 
 612 

62. For androgen antagonism, the test substance with co-administered reference androgen 613 
groups will be compared to the reference androgen control.  A statistically significant decrease in 614 
tissue weight (p ≤ 0.05) will be considered a positive antagonist result.  If more than one set of 615 



comparisons is required, all comparisons will be conducted separately for each test group against 616 
its control.  Individual treatment group comparisons to the control group can be done using two 617 
tailed t-test or a Dunnett’s one tailed test.  Antiandrogens that inhibit 5 alpha reductase, like 618 
finasteride, have more pronounced effects in the ventral prostate than other tissues as compared 619 
to a potent AR antagonist, like flutamide.  In the validation studies, the GP was quite responsive 620 
to low doses of androgens, while on the other hand, the GP was relatively insensitive to lower 621 
doses of weak antiandrogens versus the other androgen-dependent tissues. 622 
 623 
63. Those groups attaining statistical significance should be identified. 624 
 625 

64. Data should be summarized in tabular form containing the mean, standard error of the 626 
mean and sample size for each group. Individual data tables should also be included. The 627 
individual values, mean, SE and CV values for the control data should be examined to determine 628 
if they meet acceptable criteria for consistency with expected historical values. CVs that exceed 629 
historical CV values for each organ weight should determine if there are errors in data recording 630 
or entry or if the laboratory has not yet mastered accurate dissection of the androgen-dependent 631 
tissues and further training/practice is warranted.  Generally, CVs (the standard deviation divided 632 
by the mean organ weight) are reproducible from lab to lab and study to study.  Historically, the 633 
CVs for the SV, VP, LABC, Cowper’s glands and glans penis are about 25%, 25%, 13%, 25% 634 
and 12% respectively for antiandrogenic effects and 40%, 40%, 18%, 18% and 35% respectively 635 
for androgenic effects.   Data presented should include at least; ventral prostate, seminal vesicle, 636 
levator ani plus bulbocavernosus, Cowper's glands, glans penis, liver, and body weights and 637 
body weight change from the beginning of dosing until necropsy. Data also may be presented 638 
after covariance adjustment for body weight, but this should not replace presentation of the 639 
unadjusted data. 640 
 641 
65. When verifying the computer data entries with the original data sheets for accuracy, 642 
organ weight values that are not biologically plausible or vary by more than three standard 643 
deviations from that treatment group means should be carefully scrutinized and may need to be 644 
discarded, being recording errors.   645 
 646 
66.   Comparison of study results with historical data is often an important step in 647 
interpretation as to the validity of the study results.  Historical data for vehicle control groups 648 
should be maintained in the laboratory.  Historical data for responses to positive reference 649 
substances, such as TP and FT, should also be maintained in the laboratory.  Laboratories may 650 
also periodically test the response to known weak androgen agonists and antagonists and 651 
maintain these data.   These data can be compared to available data OECD data to ensure that the 652 
laboratory’s methods yield sufficient statistical precision and power.   653 



68.  ANNEX 1 654 
DEFINITIONS 655 

Dose is the amount of test substance administered. For the Hershberger Bioassay, the dose is 656 
expressed as weight of test substance per unit body weight of test animal per day (e.g. mg/kg 657 
body weight/day). 658 
 659 
Dosage is a general term comprising of dose, its frequency and the duration of dosing. 660 
 661 
Evident toxicity is a general term describing clear signs of toxicity following administration of 662 
test substance. These should be sufficient for hazard assessment and should be such that an 663 
increase in the dose administered can be expected to result in the development of severe toxic 664 
signs and probable mortality. 665 
 666 
NOEL is the abbreviation for no-observed-effect level. In the Hershberger Bioassay, this is the 667 
highest dose level where no statistically significant change in any androgen-dependent organ 668 
weight is observed due to treatment. 669 
 670 
Androgenic is a term used to describe a positive influence on the growth of androgen-dependent 671 
tissues. 672 
 673 
Postnatal day X is the Xth day of life after the day of birth. 674 
 675 
Date of birth is postnatal day 0. 676 
 677 
Antiandrogenic is the capability of a chemical to suppress the action of TP in a mammalian 678 
organism. 679 
 680 
Validation is a scientific process designed to characterize the operational requirements and 681 
limitations of a test method and to demonstrate its reliability and relevance for a particular 682 
purpose. 683 
 684 
Sensitivity is the capability of a test method to correctly identify chemicals having the property 685 
that is being tested for. 686 
 687 
Specificity is the capability of a test method to correctly identify chemicals not having the 688 
property that is being tested for. 689 
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