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Toxicologic Pathology of The Beagle
Dog

Evaluation of the female reproductive system in
toxicity Studies

Sundeep Chandra, BVSc, PhD, Dip. ACVP



Outline

Estrous cycle — Histology
Sexual maturity

Hormone data

Mammary gland (dog and rat)
Test article induced changes

Drug-induced estrogenic and antiestrogenic
effects



The stages of the cycle

Proestrus
— bloody discharge/vulva edema/’in heat’/vaginal rugae
— follicular growth
— 1-2 weeks
Estrus
— receptive to male
— follicular phase
— Ovulation
— metestrus phase —luteinization of postovulatory follicles
— 1-2 weeks
Diestrus
— unreceptive to male
— functional corpora lutea
— mammary glands enlarge/pseudopregnancy
— 2-3 months
Anestrus
— no specific clinical signs/genitalia & mammary minimum size
— ovarian quiescence
— 3-5 months



The Cycle in the bitch

First estrus 8-14 months of age - 1.5 estruses/year

Stages determined by - clinical signs; vaginal smears; hormone
analysis, histology

Macroscopic/microscopic observations - Changes occur gradually
-End of one stage may closely resemble beginning of next stage

In studies of < 3 months duration, the animals may not have gone
through estrous during the entire study

With group sizes of 3-5/group, the chances of detecting an effect
on the estrous cycle is very slim

In general, more than 80% of the dogs are in the anestrus-
diestrus stage, and a small percentage of dogs are immature
(Chandra and Adler, 2008)
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Immature dog
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Staging the estrous cycle in dogs
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Anestrus vs. immature
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Conundrum of Immaturity

Often a problem with dogs and primates

In dogs, females undergo 1st estrous between 10 and 14 months
of age.

Not unusual to observe one immature dog in a study (even when
10-12 month old dogs are used)

Small group size makes interpretation a challenge

Morphologic differences between immaturity and atrophic
changes?



Organ Weights
STP — Position

*Most toxicities of the female reproductive tract can be adequately identified by
light microscopy.

Variability in age, sexual maturity, and stage of cycle in non-rodents may
complicate or limit interpretation of reproductive organ weights.

*\Weighing of reproductive organs is most valuable in sexually mature animals.

*Weighing of other organs including female reproductive organs should be
considered on a case-by-case basis.

*Organ weight changes without macroscopic or microscopic correlation should
be interpreted with caution.
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Conundrum of Organ Weights

Dose (mg/kg) Ovary (9)
Vehicle 0 0.7030
GSK123456 15 0.8257
GSK123456 150 0.9257
GSK123456 1000 1.0913




Conundrum of Organ Weights

Dose Stage of Estrous Cycle | Mean Ovary Wt
(mg/kg) (Dog #) (9)

Vehicle 0 Anestrus 0.7030
Anestrus
Anestrus

GSK123456 15 Diestrus 0.8257
Anestrus
Anestrus

GSK123456 150 Estrus 0.9257
Anestrus
Anestrus

GSK123456 1000 Estrus 1.0913

Estrus

Proestrus




Recording — Reporting

Reporting in Toxicity Studies

Examine all reproductive tissues from individual dogs as a matching set
— Understand inter-related morphology

|s there a need to record normal cycle stages?

— No need to record when all is normal

Abnormal cycling often associated with lesions (recording cycle stages
may aid provide clues to mechanism)

Dogs/Monkeys (n=3/5) could skew the distribution
— Rats (n =2 10) deviation from control would be apparent
Pre-treatment data is useful if reproductive issues are suspected



Hormone Analysis

Know what you are measuring
Single vs. multiple time points
Is it real?

Correlate with histology!



FSH

Data from female Beagles from a 1-month toxicity study
Single time point

30 100 600
Control mg/kg/day mg/kg/day mg/kg/day

Mean 7.00 l 4.23 l 6.63 l 2.84
FSH (ng/mL)

S.D. 4.64 4.27 3.35 1.75
N 3) 3 3 5
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FSH

Data from female Beagles from a 1-month toxicity study

This is pretreatment data from Day -15 prior to start of study!
Limitations of using single time point

Mean 7.00 4.23 6.63 2.84
FSH (ng/mL)
S.D. 4.64 4.27 3.35 1.75

N 3) 3 3 5



Serum FSH levels in female “control” dogs — 24h profile
Range 1.84 — 28.34 (ng/mL) — Significant inter-animal variability

Dog 2

Dog 3

Dog 4

Dog 5

Dog 6
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Canine Cycle

Hormonal Changes

Estrus
Proestrus
Anestrus

2 10
Days from LH Peak




Serum FSH levels in a control Beagle dog (Dog No. 1)
Study Day -15 (Range 10.22-28.34 ng/mL)
Study Day 30 (Range 3.20 — 5.45 ng/mL)
Important to correlate hormone levels with stage of estrous
Pretreatment values are only useful if the stage of estrous is known

—Study Day -15
—Study Day 30
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Serum 17-beta estradiol levels in female control
Serum FSH levels in female control dogs dogs
Range 1.84 — 28.34 (ng/mL) Range 11-31 (pg/mL)

(%]
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—Dog 4 —Dog 5 —Dog 6

=—Dog 4 ~—=Dog 5 =——=Dog 6
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Serum FSH and estradiol levels in a control Beagle dog
(Dog No. 1)
Important to correlate hormone levels with stage of estrous!
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Relationship between organ weights and stage of estrous cycle.

Dog No. 95

120
100
80
60
40

20

A S S S

e FSH -Study Day -15
e FSH-Study Day 30
E2-Study Day -15
= E2-Study Day 30
== FSH -Study Day 186
=== E2-studyDay186

Dog No. 97

=== FSH -Study Day -15
e FSH-Study Day 30
E2-Study Day -15
e E2-Study Day 30
«==FSH -Study Day 186
=== E2-studyDay186

Dog No. 97

Dog No. 98

e FSH -Study Day -15
e FSH-Study Day 30
E2-Study Day -15
= E2-Study Day 30
«==FSH -Study Day 186
=== E2-studyDay186

Dog No. 98

Organ weights Dog No. 95
- Study Day
186
Ovary (g) 0.88
Uterus (g) 3.06

1.58

12.97

1.818

21.35
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Relationship between organ weights and stage of estrous cycle.

Dog No. 95

120
100
80
60
40
20
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E2-Study Day -15
= E2-Study Day 30
=== E2-studyDay186

Dog No. 97

Dog No. 98

N
q/b‘

SR

E2-Study Day -15
e E2-Study Day 30
=== E2-studyDay186
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SRS

E2-Study Day -15
— E2-Study Day 30
=== E2-studyDay186

Organ weights - Dog No. 95 Dog No. 97 Dog No. 98
Study Day 186

Ovary (9)

Uterus (g) 3.06

12.97

1.818

21.35

Dog No. 95 Dog No. 97 Dog No. 98

Day -15

Day 30
I Day 186 584

315

466
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Estradiol and FSH
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Histopathology vs. hormone data

Histology is more likely to detect a change in reproductive
function than hormone measurement (subject to diurnal, cyclical

and stress induced changes).

Always correlate stage of cycle for each animal.

— Do the vagina, cervix, uterus, ovary and mammary gland
correspond? Consider them as a unit.

Understand and recognize normal histology.

Morphological changes can be easier to identify.



Points to consider

Regardless of mechanism, chemically induced toxicity in the
female reproductive tract generally causes hormonal imbalance

The pattern of histopathological change in the ovaries, uterus and
vagina reflects the disturbed hormonal profile and the tract needs
to be examined as a unit

Cyclicity, sampling consistency, immaturity are confounding
factors for identifying changes.




The female Beagle in diestrus



Control female dog livers from the same study

(euthanized, processed, sectioned, & stained identically!)
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Liver weights

1 P =0.0274
. B Y
- Z

Relative liver weight (%) from control dogs in diestrus and in all other stages of the
estrous cycle.
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Dogs in diestrus vs. all other stages

%
Parameter and . All other P-values change
Diestrus .
reference range stages for t-tests in
diestrus
Cholesterol . <0.0001 0
(mmol/L; 2.89-4.98) 571 0.23* 423 0.1 (<0.0001) + 35.0%
Eosinophils 0.35 0.03 024 0.02 0.0035(0.0532) +45.8%
(x1079/L; 0.09-0.57) ' ] ' ' ' '




Dogs in diestrus vs. all other stages

Parameter . All other P-values % change in
and reference Diestrus .
range stages for t-tests diestrus
(U/Ifs‘I.S’)-SO) 286 1.0 33.3 0.9 0.0011 (0.0190) - 14.0%
Chloride
(mmol/L; 109- 111.2 0.3 112.2 0.3 0.0224 (0.3800) -0.9 %
116)
Hemoglobin <0.0001 o
(g/L: 148-191) 1584 1.9 171.7 1.9 (<0.0001) -7.8%
Hematocrit <0.0001 0
(%: 42-57) 46.1 0.5 499 0.6 (<0.0001) -7.6%
RBC
(x10M2/L: 6.17- 678 007  7.35 0.08 <0.0007 -7.8%
8.28) (<0.0001)




Effect of Estrous Cycle Phase on Clinical Pathology
Parameters in Beagle Dogs

Cynthia J. Willson'2, Sundeep A. Chandr:

, Carie L. Kimbrough? and Holly L. Jorda

IGiamSmithKIine

'North Carolina State University College of Veterinary Medicine, Raleigh, NC, USA; ?Safety Assessment, GlaxoSmithKline, RTP, NC, USA

Abstract

The duration of destrus in o Ionper {about TS days) than in most species andis
characterized by high e progestarang and growth harmans kevels that may nfluence cinical
pethalogy paramet=rs. The influence of the pnese of the rep e on clinical patha logy
has baen repertad in many specias, but e 15 3 relatve pwdlyofhhmwmnn!hdog. EBuch differances
may poeniialy confound mnrx:nanvm In toaicily shudies. wnhn often have small a@un sizes, The
objectve of this s B
relgiive to cogs in other mmnarmmwm Fvﬁnmymw rerrnlaerrwzzmdnrsmw
{age rangs: 11-22.5 menths), ssbous cycle stags was by
tissues Seﬂm chamsiry, hematology. and urinalysis il tests. For
EBeagles =38} ssmwna:P‘nmnummuwmr P=
Q.0014|, chioride was 0.8% lower (@ = 3.0224), eosinophils were 45.8% higher (P » 0.0035), hemogiotin and
red biood celf count were 7.5% lower (@ < 0.0001), and hematocrit was 7.6% iower {F < 0.0001 ) than dogs n
alhgther Stages combned (anastrus, progsius, estns, and immasura; n = 45, Lnne carametsms dd not difter
between ihe of cinical pathology data i female dogs shouid be
pirfamdwd«&nmnﬂdum gmmtnﬂ-rhg-afm-nlruqm

Introduction

= Toxieity studies typically conlain small numbers of dogs
(3-5 per group), each of which may differ in the stage of
the estraus cycle.

« We have ahservad that livers from contral (non-drug-
treated) Beagle dogs durirg diestrus (hteal, or post-
ovulatory phase} have a rarefied appearance {lef?,
lowser) compared to Ivers from control dogs in anestrus
(Jeff, top), The changes are similar to the vacuolar
change and hepatonoyts swelling seen with glycogen
accumulation from stercid hepatopathy in dogs

« Diestrus is unigue In the dog because serum
progesterene (P4) levels peak and remain elevated,
whether the bitch is pregnant or not, for ~75 days

= During diesirus, mamrnary glands produce grawth
I and [  DCCUMS £ mammary

: 5 gland sacretary activity and + nesting behaviar.

- OBJECTIVE; The abjective of this pective study was to investigate
differences in clinical pathology data (chemistry, hematology, and urinalysis)
and liver weight in purpose-bred Beagle dogs in diestrus relative to degs in
ather phases of the estrous cycle.

= SIGHIFICANGE: Differences in clinical pathology parameters, in addition to liver
changes, in dags in different stages of the estrous cycie may be important for
interpretation of drug or loxicity studies.

Methods

Study animals | Retrospactive study Lsing non-drug-treated control dogs (3-5 per
study) from 23 toxicity studies (2002 — 2008). Studies were conductad in
aceordanca with current guidsiines for animal welfare and internal IACLIC
guidalines.
Samples: Al the end of the study (2 or 4 weeks duration}, urine and blood wers
cellectad for measurement of routine clinical chemistry (Olympus ALIG40e, Mehville,
NY, LiSA) profile and hematology (Advia 2120, Siemens, Norwood, MA, USA). Age
range: 11 - 22.5 months (average 14.38 months) Waight range: 5.05 = 10.13 kg
(average B.67 kg).
Statistical analyses: There were na significant differences’in parameters ameng
anesirus, immature, proestrus, and estrus, so these were combined. Means for
daogs in diestrus vs. all other stages were compared using two-taled -tests {Proc T-
TEST) corrected for mullipke comparisons using SAS v. 9.1 {Cary, NC, USA). £

| values both with and without Hochberg multiplicity adjustment are shown

Methods

was detarmined by
histalogical examination of HEE-stained
5 ulesrires harrs, vagina,
ammary tissue | Chanda & Adjer
88 eontrel dogs from 23 studles: Each
udy ineiuded = 1 female in he contral group in
disstrus @t necropsy. 38 dogs ware dassifed as
baing in diesinus, 48 dogs wer classifed as a8l
olher slages ather tRan desirus (34 i anesius,
ware immialure, 4 0 estus, and 30
oSt |

All othar Peuvilue T ehinge
Diestrus stages for ttests  In dlestrus

. T
" 1 258408 5714023 423401 wQmdf 0000 +350%

Eosinophils :
(RO D80T 036003 0241002 oo030080  +J488%
Lnsmasiry and hemmeio gy parmmsiers thal are chevied i boogie Sogs duting theatus Mesws = BE'L and Faiues Tar lhe
ificant Effarances of e mesns af shiwn Frslios -ﬁrm;mlﬂrrmmmn " pEEA s Ay
Tohnsaternl was tha only parameter ibige e refeencs ‘ange

Chaolesternl

« Cholesterol panks at 5.7 weeks after estrus (therefore during diestrus) in Beagle
bltehes | Taremi of al. 1588)

» Increased chelesterol may be direcily related to P4, as both peak dunng dissirus.

Eosinophiis

- Eesinophils migrate into the submucosa of the Gl tract, mammary gland, thymus,
and uterus (Rothenberg and Hogan 2006).

= Intissues, ecsinophils express growih factors (TGFa, TGFR. and EGF)

» During esirus. eosinophils infiltrate wienne lissue and reach peak numbers in
uterus (humans. rats. mice). During diestrus. scsinophils degranulate & 4 in
numbars in the utarus.

- Eosinophilia is a feature of hypoadr ismy hypoalkd i

+ Perhaps the increased penpheral blood ecsinophils duning diestrus s related to
continued production and/or prolonged survival in blood but lack of migration into
tissues, or due to P4 interference with aldosterone

Results: INCREASED during DIESTRUS

Relative liver weight increased during
diestrus in beagle dogs.

+ OVX'd Beagles gven the progestin
medroxyprogestaron e acatate develop
stefold-induced hapatopathy with large,
alyeogen-nch hepatocytes [Selman ef al.
1995}

- Estropen &lor P4 may be binding fo
glucccorticoid receptors in the liver or

- interacting with glucecarticoids to T Hver
S“:’:’ﬂ?:‘“ﬂ‘.'.‘.’:.‘!!‘.h‘::.‘:‘.‘.‘!’i:.‘:. glycogen deposition and therefore * liver
i mass,

Results: DECREASED during DIESTRUS
REETI eeenm ot zem  Vomes

AST
TS 19-505

Chioride i . )
omlorfde, 112203 1122203 e 09%

imagialify g
ety 1584+ 1.9 M7+19 =00001 <0000 -7.8%

Hematocrit % «
4287, 461+ 08 49906 0001 [ a0

286210 33309 Q0P .0 TEN = 14.0%

o gz B7BE00T 7354008 seover e
S hiemin ey and fesmmlolegy amamet=in thal we decreased m beagls Sngs fering disstrs. Meara & SE5 and /elses b fa
sigmficart diffarences of tie smarts afs shown Foonloes sfler (EChbarg muttein ity adjustmart shiwn i psteithaas
Chloride
+  Progesterona (P4) is known to kave ant effacts in h and rats
* Pdisac inhibitor of ald receptor -+ Less K- sacrebon —+
Less reabsorption of Na™ & Cl,
« Women also have been shown to have L serum Na® & C|- mid-lutes| phase
compared to the mid-follicular phase (Chapman ef 8l 1837).
Red blood cell parameters
< In astudy of several breeds of dogs, hematocrit - from 46% at pro-estrus to:
- 40% at day 60 of disstrus in nen-pregnant dogs, or to
+ 35% at day 60 in pregnant dogs (Gonzel-Ape! ef al. 1957).
- Parhaps this is due 1o increassd plasma volume, as dops are
psaudopragnant during diestrus,

Summary and Conclusion

Compared lo dogs in all other estrous cycle slages, dogs in diestrus had:
« Mo difference in unnary clinical pathalogy parameters (data not shown)
« INCREASED;
« 35% T serum cholesterol
+ 46% T blood eosmaphils
o 7% 7 relative liver weight
« DECREASED
« 14% L AST
« 1% - chionde
« 8% < red blood cell parameters

Stage of estrous cycle should be considered during toxicity studies using
dogs, especially for hormonally er metabolically active compounds or
compounds affecting glycogen medulation, cholesterol, ecsinophils, or red
blood cells.
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Mammary Gland
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Mammary gland

Mammary Gland Cycle
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Mammary gland in Proestrus and Estrus
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Mammary gland in Diestrus (I-1V)
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Mammary gland in Anestrus (early and late)
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Mammary Gland

Comparison of glandular changes noted
In Diestrus | with that noted in the glands
of dogs entering the first estrus cycle

Morphologically very similar



Diestrus | vs. First Estrus
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Sexual dimorphism of the mammary
gland in rats



NKhhe TIRat Zviamamanry Cslamnd: ZVMorpholozsic Changes aas aann Indicator
of Systemic THormonal Pertuurbations TInduaced by XNenobioticos
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Aandrozcen Dependent Mammary Gland Virilisima inm Rats (Given the
Selective Estrogcen Receptor Modulator L. Y2066948 Hydrochloride

IDANIEL Ci. RUDMANN.! ILENE IR. COHEN.” MICHELLE R. IROBBINS.” IDAVID H. COUTANT, AND JUDRDTTH W. HE~NOK®

TABLE |.—Morphologic differences in mammary glands from sexually ma-
ture rats.

Morphology Male rat Female rat
Owerall structure Lobuloalveolar Tubuloalveolar
Duct

Number Low High

Epithelium Pseudostratified or Simple cuboidal

stratified cuboidal or
short columnar

Epithelial cytoplasm Abundant, eosinophilic, Scant, basophilic,
vacuolated nonvacuolated

Epithelial apoptosis Frequent Rare

Luminal space Not usually evident Prominent

Alveolus
Number High. contiguous lobules Low, centered on
ductules
Epithelium Pseudostratified or Simple cuboidal

stratified cuboidal or
short columnar

Epithelial cytoplasm Abundant, eosinophilic, Scant, basophilic,
vacuolated nonvacuolated

Epithelial apoptosis Frequent Rare

Luminal space Not usually evident Prominent




Normal male vs. Normal female

by n’ o l}‘\ ]

© Male - mostly lobules of alveoli.
* Female - predominance of ducts and few alveoli.
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Metestrus
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Normal and Virilization
Virilization refers to the development of male sex characteristics in a female.




Normal and Virilization
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Metestrus vs Vir




Normal Male vs. Virilization (females)
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Male mammary gland - Feminization
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Male rat mammary gland changes given SERM
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Toxicologic Pathology, 33:711-719, 2005
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Androgen Dependent Mammary Gland Virilism in Rats Given the
Selective Estrogen Receptor Modulator LLY2066948 Hydrochloride
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Test article-related findings



SERM

© 2007 Wiley-Liss, Inc. Birth Defects Research (Part B) 80:225-232 (2007)

Review Article

Histologic Changes in Ovary, Uterus, Vagina,
and Mammary Gland of Mature Beagle Dogs Treated
With the SERM Idoxifene

Sabine Rehm,” Henk A. Solleveld, Samm T. Portelli, and Patrick J. Wier



SERM
Selective Estrogen Receptor Modulators

Treatment/prevention of breast cancer and osteoporosis
Effects of SERMs may vary greatly, dependent on species and cell type

|ldoxifene — (similar to tamoxifen) —
Toxicity testing in rats, mice, dogs and monkeys
Rodents: 2 years; Dogs/Monkeys: 1 year

Tamoxifen Mammary Gland Endometrium/Vagina
Bone

Raloxifene Mammary Gland Bone

(Evista)

Endometrium/Vagina

o 2007 Wiley-Liss, Inc. Birth Defects Research (Part B 80:225—-232 (20072

Revieco Article

Histologic Changes in Ovary, Uterus, Vagina,
and Mammary Gland of Mature Beagle IDogs Treated
WwWithh the SERM ITdoxifene

Sabine Rehm,™ Henk A. Solleveld, Samm T. Portelli, and Patricls J. Wier



SERM - control vs. Treated
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SERM - Uterine Effects

(1Tmonth vs. 3 month toxicity study)




SERM - Uterus — 13 week study
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Androgenic effects

Uterus
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Ovary — Androgenic effects
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Control vs. Treated
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