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ACCELERATED FOLLICLE DEPLETION IN VITRO AND IN VIVO

IN SPRAGUE-DAWLEY RATS USING THE COMBINATION OF 4-

VINYLCYCLOHEXENE DIEPOXIDE AND TRIPTOLIDE

Cheryl A. Dyer, Ph.D., Stefanie Raymond-Whish, Ph.D., Shawn Schmuki, M.S., Theresa Fisher, B.S.,

Brandy Pyzyna, M.S., Aaron Bennett, M.S., and Loretta P. Mayer, Ph.D.

Abstract: Rodent pests cause major damage to the world’s agricultural crops and food stores. Rodenticides

used since World War II did not lead to sustained reduction of rodent populations, and so fertility control is

becoming attractive because rats reproduce with great efficiency. Chemical acceleration of ovarian failure via oral

dosing also would improve management of rat pest populations. The chemical 4-vinylcyclohexene diepoxide

(VCD) is orally efficacious, causing depletion of nonregenerating primordial ovarian follicles of Sprague-Dawley

rats. However, to cause rapid reduction in pups in the first breeding cycle after dosing, all stages of ovarian follicle

development must be targeted. To achieve this goal, the Chinese herb triptolide was tested because it can

precipitate apoptosis and deplete growing follicles. The impact of triptolide was tested in cultured postnatal day 4

Sprague-Dawley rat pup ovaries. Triptolide at 5 nM caused 100% primordial, primary, and secondary follicle

depletion after 8 days of culture, compared to 38% follicle depletion caused by VCD at 30 lM. Next, a palatable

rat bait was developed, containing 1% VCD with increasing concentrations of triptolide at 25, 50, and 100 lg/kg
body weight. Rats ate an average 3–6% of their body weight/day over 15 feeding days. Two days after the end of

baiting, rats were euthanized to conduct necropsies and collect ovaries to count all follicular stages and corpora

lutea. At 50 lg triptolide/kg body weight, there was significant reduction of all follicular stages; primordial

follicles were 50% lower, secondary follicles were 64% lower, antral follicles were 80% lower, and there were no

corpora lutea. These results suggest that combining VCD and triptolide in an oral bait leads to significantly

compromised rat ovarian function and reduced ovulations, and is likely to reduce pup production.

Key words: 4-Vinylcyclohexene diepoxide, ovarian follicles, Sprague-Dawley rats, triptolide.

INTRODUCTION

Rats have been commensal pests since the

agricultural revolution resulted in more abundant

food supplies for humans.5 Over millennia, rats

have caused untold losses of food and infrastruc-

ture, and have disrupted sensitive island ecolo-

gies.5 As vectors of zoonotic diseases, rats have

caused deaths of millions of people.5 Historical

attempts to eliminate rat pests have relied on

lethal approaches. Current lethal oral technolo-

gies are poisons that were developed and refined

since World War II,7 but highly efficient rat

reproduction makes lethal approaches unsustain-

able and ultimately counterproductive. Of addi-

tional concern is the nontarget poisoning of

children, as many as 15,000 per year in the United

States, with larger numbers of companion animals

affected as well.12,13 Because rat poisons persist in

the liver of the dead rat, predators such as raptors

and other nontarget mammals can die from

secondary exposure.1 These problems have made

poisons increasingly less acceptable as means of

rat control. In June 2011, the U.S. Environmental

Protection Agency (EPA) asked rat poison man-

ufacturers to voluntarily remove their products

from retail shelves, limiting application of these

potent poisons to professional pest managers.12

Lacking full industry cooperation, in January

2013, the U.S. EPA announced its intent to cancel

registrations for 12 D-Con brand rat poison bait

products.13

Second-generation rat poisons kill as much as

90% of a target population, but the vacuum thus

created can be refilled rapidly. With 90% of their

competition killed, surviving females can increase

reproduction because of more abundant food

supplies. Additionally, rats migrate into the newly

created space vacuum. For example, after more

than 50 yr of using rodenticides in Baltimore,

Maryland, USA, there were more rats in 2004

than reported in the population census taken in

1952.4 These observations indicate that new

technology is needed to complement and/or

reduce the use of rodenticides.

Rat fecundity depends on available food sup-

plies.14 Sexual maturity in female rats occurs at

40–60 days of age, with ovulation of 12–18 oocytes

every 4–5 days. After successful mating, a 22-day
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gestation is followed by a nursing period of about

21 days. However, the female can conceive

another litter while nursing her current litter, as

soon as 1 day after giving birth. Oral fertility

control is thus an appealing strategy to manage rat

pest populations. Although several technologies

have been developed, usually depending on con-

traception using steroid hormones, agonists/an-

tagonists of gonadotropin-releasing hormone, or

immunocontraceptive vaccines, none of these

methods allow for oral dosing.

An effective oral chemosterilant for rats also

must be palatable in order to facilitate consump-

tion of adequate doses of the active ingredient (or

ingredients). The authors’ original patented tech-

nology uses 4-vinylcyclohexene diepoxide (VCD)

to accelerate atresia of primordial and primary rat

ovarian follicles, causing premature ovarian fail-

ure.10 When the finite pool of nonregenerating

ovarian primordial follicles is depleted, sterility

ensues. However, VCD does not deplete growing

ovarian follicles. Consequently, a VCD-dosed

female rat will continue to reproduce until the

pool of growing follicles is depleted by atresia

and/or ovulations over time.6 Up to 30 VCD

doses delivered by gavage are necessary to reduce

rat pup production by 33 and 67% in breeding

rounds 2 and 3, respectively.6 To reduce the

number of VCD doses and/or bait takes, and to

target the more mature follicles, the combination

of VCD and the traditional Chinese medicine

triptolide was tested. Triptolide is derived from

roots of the thunder god vine, (Trypterygium

wilfordii) and recently has been reported to target

growing follicles in rat ovaries.8,15 The antifertility

action and targeting of growing follicles that are

not eliminated by VCD suggested that triptolide

may be a good chemical candidate to accelerate

Figure 1. Ovarian sections from in vitro culture of postnatal day 4 rat pup ovaries. A. Control ovary

characterized by primordial follicles located in the cortical region (small black arrow with solid arrowhead) and

activated primary follicles (small black crooked arrow with solid arrowhead). Seen in the medullary region are

secondary follicles identified by the enlarged oocyte and several layers of cuboidal granulosa cells (white solid

arrow). B. Ovary treated with 30 lM 4-vinylcyclohexene diepoxide (VCD). C. Ovary treated with 5 nM triptolide.

D. Ovary treated with 30 lM VCD þ 5 nM triptolide.
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ovarian failure and cause subfertility. This study

evaluated using the combination of the industrial

chemical VCD and plant-derived triptolide, de-

livered by oral bait to accelerate rat ovarian

follicle depletion in vivo.

MATERIALS AND METHODS

In vitro ovarian culture method

Rat pup ovaries were cultured at postpartum

day 4, according to the published method of

Devine et al.3 Briefly, the ovaries were cleaned by

carefully removing the oviduct and adherent fat,

followed by placing them in culture plates (0.5 ml/

well) on a small piece of membrane filter (Nun-

clon culture plates, VWR, San Francisco, Cali-

fornia 91773, USA) and (Millicell-CM filter

inserts, Millipore, Bedford, Massachusetts

01730, USA) with a drop of medium to cover

the ovary. The medium consisted of Ham’s F-12/

DMEM (1:1) containing 1 mg/ml bovine serum

albumin, 1 mg/ml Albumax, 50 lg/ml ascorbic

acid, 27.5 lg/ml transferrin, 5 U/ml penicillin,

and 5 lg/ml streptomycin (Gibco-Invitrogen Life

Technologies, Grand Island, New York 14072,

USA). The active ingredients included VCD,

.98% pure, with a mixture of isomers (Sigma-

Aldrich, St. Louis, Missouri 63178, USA) 6

triptolide, .98% pure (Stanford Materials Cor-

poration, Irvine, California 92618, USA). Active

ingredients were added to the wells once, and

cultured for 8 days in a humidified 378C incubator

with 5% carbon dioxide, without refreshing the

medium. VCD was added from a stock dilution

made in tissue culture medium at 1mM. Tripto-

lide stock solution was made in dimethylsulfoxide

at 2mg/ml and diluted in tissue culture medium.

Ovarian follicle counting/histology

Ovarian follicles were counted from cultured

ovaries that had been fixed in 10% buffered

formalin, dehydrated, embedded in paraffin, sec-

tioned (5 lm), and stained with hematoxylin and

eosin. Primordial follicles with an oocyte contain-

ing a nucleus were counted in every sixth section.

All follicular stages were counted in every 20th

section for adult ovaries.10 Data were analyzed by

one-way analysis of variance, and when appropri-

ate, by Fischer Protected Least Significant Dif-

Figure 2. Design of experiment to test in vivo efficacy of semisolid bait with 4-vinylcyclohexene diepoxide at a

constant concentration and increasing triptolide concentrations.
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ference (PLSD) and Scheffe F-statistic posthoc

tests. Significance was assigned at P , 0.05.

Bait formulation and presentation

The proprietary bait formulation was a mixture

of food-grade, generally regarded as safe (GRAS)

emulsifier, oil, and laboratory-grade water with

different concentrations of VCD þ triptolide,

yielding an emulsion that was thickened with a

food-grade additive to yield a semisolid form with

the consistency of dough. The design of the

experiment for the in vivo bait dosing experiment

is shown in Figure 2.

Animals

In vitro studies: Six pregnant Sprague-Dawley

rats were purchased late in gestation (Charles

River Laboratories, Chicago, Illinois 60612,

USA) and housed in plastic cages, given rat chow

(Purina LabDiet Laboratory Rodent Diet #5001)

and water ad libitum, and maintained on a 12-hr

light/dark cycle. Female pups were euthanized by

carbon dioxide on postnatal day 4, and ovaries

were collected for culture.

In vivo studies: For bait consumption experi-

ments, 27 immature Sprague-Dawley female rats

(Charles River Laboratories) were acclimated for

48 hr and then presented one of the four different

bait formulations for a 15-day consumption trial.

The bait without active ingredients VCD and

triptolide was given to a control group (n¼6). Bait

with 1% VCD plus increasing doses of triptolide

(25, 50, or 100 lg/kg body weight), was given to

three treatment groups (n¼7 each). The rats were

provided bait to equal 10% of their body weight

and rat chow (Purina LabDiet Laboratory Rodent

Diet 5001, Purina, Richmond, Indiana 47374,

USA) to equal 5% of their body weight, during 12-

hr darkness cycle. The rats were housed individ-

ually, and the bait was fresh each night. Con-

sumption of bait and food were measured. The

rats were euthanized by carbon dioxide on day 17

to collect their ovaries for follicle counting, which

was done according to these morphological

criteria:10 preantral follicles (containing an oocyte

nucleus) were classified as primordial (oocyte

surrounded by a single layer of flattened granulo-

sa cells), primary (oocyte surrounded by a single

layer of cuboidal cells), secondary (oocyte sur-

rounded by multiple layers of granulosa cells),

and antral follicles (follicles containing a fluid-

filled antrum).

All experimental procedures were performed

according to SenesTech, Inc., Institutional Animal

Care and Use Committee–approved protocols.

RESULTS

In vitro studies: Rat pup ovaries were cultured

for 8 days in four different treatments. A typical

control ovary (Fig. 1a) is characterized by pri-

Table 1. Average body weights (g) for each group after each day of bait consumption 6 SEM.

Groupa Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day7

Control 93.3 6 2.4 94.4 6 2.6 91.6 6 2.7 90.8 6 3.3 93.4 6 2.9 95.1 6 2.9 94.9 6 2.7 99.2 6 3.0

Low 140.0 6 8.3 143.8 6 3.4 142.2 6 3.2 140.5 6 3.3 140.4 6 3.2 140.6 6 3.6 138.3 6 3.4 144.5 6 2.9

Medium 64.8 6 1.9 67.4 6 2.0 66.3 6 1.7 65.1 6 1.6 66.5 6 1.6 66.9 6 1.6 69.2 6 2.0 71.3 6 1.8

High 116.3 6 8.7 121.0 6 8.9 120.1 6 7.8 117.6 6 7.6 116.6 6 7.4 116.6 6 7.3 114.0 6 7.6 121.1 6 7.5

a Control, no active ingredients; low, VCD 1.0%þ triptolide low dose of 25 lg/kg body weight; medium, VCD 1.0%þ triptolide

medium dose of 50 lg/kg body weight; high, VCD 1.0% þ triptolide high dose of 100 lg/kg body weight.

Table 2. Chow and bait consumption (mg/g body weight/treatment group/day 6 SEM).

Feeda Day1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8

Control chow 508 6 13 547 6 13 521 613 490 6 12 500 6 15 500 6 14 477 6 14 491 6 15

Control bait 620 6 38 545 620 663 6 23 719 6 32 866 6 30 842 6 59 689 6 54 886 6 35

Low chow 502 6 6 514 6 8 509 6 9 511 6 8 502 6 9 515 6 5 525 6 18 513 6 5

Low bait 693 6 33 529 6 12 502 6 6 350 6 18 436 6 14 365 6 11 367 6 25 473 6 51

Medium chow 596 6 34 645 6 19 559 6 13 581 6 27 533 6 11 587 6 22 550 6 25 567 6 16

Medium bait 658 6 21 624 6 24 655 6 27 627 6 64 717 6 46 505 639 540 6 20 509 6 27

High chow 435 6 41 564 6 36 566 6 50 554 6 44 538 6 35 546 6 38 498 6 30 555 6 33

High bait 580 6 50 476 6 31 496 653 500 6 30 410 6 57 493 6 49 407 6 23 399 6 33

a Chow, Purina LabDiet Laboratory Rodent Diet 5001; Bait control, no active ingredients; low, VCD 1.0%þ triptolide low dose

of 25 lg/kg body weight; medium, VCD 1.0% þ triptolide medium dose of 50 lg/kg body weight; high, VCD 1.0% þ triptolide

high dose of 100 lg/kg body weight.
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mordial follicles located in the cortical region,

along with activated primary follicles. In the

medullary region of this ovary are secondary

follicles identified by the enlarged oocyte and

several layers of cuboidal granulosa cells. An

ovary treated with 30 lM VCD (Fig. 1b) appears

very similar to controls, but follicle counting

revealed a significant reduction (38%) in primor-

dial follicles, compared to control ovaries. An

ovary treated with 5 nM triptolide (Fig. 1c)

reveals no apparent healthy follicles at any stage

of development. The deeply stained dots are

pyknotic nuclei of atretic oocytes of primordial,

primary, and secondary follicles. An ovary treated

with the combination of 30 lM VCD þ 5nM

triptolide (Fig. 1d) is very similar in appearance to

Figure 1c, revealing no apparent healthy follicles,

and showing punctate-stained dots that are pyk-

notic nuclei of atretic follicles.

In vivo studies: For the bait-feeding trial,

standard rat chow was available with control bait,

and was available to all test bait groups (Fig. 2).

The rats were weighed daily to track general

health and, indirectly, consumption. All groups

gained weight daily because they were in a rapid

growth phase during the 15-day trial (Table 1). All

rats that ate bait with VCD and triptolide gained

weight at a significantly slower rate when com-

pared to rats that ate control bait without active

ingredients.

Rats in the control group ate 469–547 mg chow/

10g body weight/day, and 545–980 mg bait/10g

body weight/day. Rats given the lowest triptolide

dose ate 491–525 mg chow/10g body weight/day,

and 350–693 mg bait/10g body weight/day. Rats

given the medium triptolide dose ate 484–645 mg

chow/10g body weight/day, and 505–754 mg bait/

10g body weight/day. Rats given the high tripto-

lide dose ate 435–566 mg chow/10g body weight/

day, and 395–629 mg bait/10g body weight/day

(Table 2). Average daily consumption of control

bait during the 15 days of feeding (8.10 6 0.31%
of body weight) was significantly greater than

consumption of bait that contained VCD and

triptolide (6.06 6 0.33% of body weight).

At gross necropsy, there were no obvious

differences in major organ systems of the control

rats, compared to VCD þ triptolide–baited rats,

consistent with the steady body weight gain for

each of the four groups. Ovaries were weighed

after fat was trimmed and oviduct removed.

Paired ovary weights of rats that ate bait contain-

ing triptolide at the medium dose weighed

significantly less than paired ovarian weights of

the other groups (Fig. 3). This indicated that

follicles larger than primordial and primary stages

had been affected, because the thousands of

primordial and primary follicles are small struc-

tures that do not contribute to ovarian weight as

much as do larger preovulatory follicles and/or

corpora lutea.

Significantly fewer of all follicular stages were

found in rats given the medium VCD þ triptolide

dose of 50 lg/kg body weight, and there were no

Table 1. Extended.

Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Day 15

101.5 6 3.5 104.7 6 3.0 109.0 6 3.8 112.3 6 3.7 117.6 6 4.2 121.8 6 4.0 124.3 6 4.2 130.1 6 4.1

143.8 6 3.1 144.3 6 3.4 145.5 6 4.1 146.5 6 4.2 149.5 6 3.8 150.3 6 4.0 152.7 6 3.9 156.7 6 4.0

69.6 6 1.7 70.5 6 1.6 71.1 6 1.7 72.1 6 1.9 74.0 6 2.1 77.9 6 2.1 78.2 6 2.0 82.8 6 2.3

118.9 6 7.2 119.6 6 7.6 120.3 6 7.5 122.3 6 7.7 122.5 6 7.9 125.4 6 2.1 125.7 6 7.9 131.9 6 7.6

Table 2. Extended.

Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Day 15

509 611 490 6 14 486 6 15 502 6 16 499 6 15 487 61 469 6 16

940 6 21 980 6 26 967 6 29 951 6 26 902 6 26 879 6 22 740 619

518 6 10 491 6 3 501 6 5 500 6 5 509 6 6 524 6 6 511 6 6

522 6 57 503 6 7 593 6 17 392 6 6 450 6 8 503 6 50 446 6 4

523 6 10 510 6 10 484 6 13 549 6 14 531 6 17 547 6 16 531 6 14

595 6 44 736 6 20 754 6 53 580 6 31 508 6 54 633 6 16 448 6 12

550 6 31 523 6 29 503 6 33 528 6 29 474 6 31 531 6 30 493 6 25

510 6 44 485 6 48 629 6 66 490 6 76 395 6 27 471 6 43 520 6 52
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corpora lutea present (Fig. 4). Fewer numbers of

larger ovarian follicles and corpora lutea are

consistent with the reduced ovarian weights at

VCD þ triptolide 50 lg/kg body weight. The

degree to which each type of follicle population

was reduced in ovaries of rats given 1.0% VCD

plus 50 lg triptolide /kg body weight was striking

(Fig. 5). The extent of follicle depletion increased

with increasing follicle stage (maturity) (Fig. 6). It

is unclear why the highest dose of triptolide did

not match the effect of the medium dose on

ovarian follicle populations and ovarian weight.

DISCUSSION

In vitro studies: In vitro culture of rat pup

ovaries supports primordial and primary follicles

to progress to the secondary follicle stage without

added hormones or gonadotropins, making this

tissue culture system an excellent model to

initially test the follicle depletion efficacy of

triptolide.3 As expected from prior studies, VCD

at 30 lM caused depletion of primordial follicles

in cultured rat pup ovaries, thus demonstrating

that the effect is not due to an artifact of the

culture setting or media.3,9 Obliteration of all

follicular stages by triptolide was not expected,

based on earlier accounts suggesting that neither

primordial nor primary follicles are targeted.

However, those outcomes resulted from in vivo

gavage dosing.8,15

In vivo studies: For wild living rats, active bait

ingredients must be incorporated in an appealing,

palatable formulation that will attract them to the

bait. Due to the short half-life of VCD, high

gavage concentrations of 500 mg/kg body weight

were required to achieve significant follicle de-

pletion.6 The chemical reactivity of VCD at the

dose that causes follicle depletion9 also causes

intense burning and numbness of the trigeminal

nerves in the buccal cavity and over the length of

the esophagus. Rats that are exposed orally to this

Figure 3. Ovaries from rats that ate bait containing 4-vinylcyclohexene diepoxideþ triptolide (50 lg/kg body

weight) weighed significantly less than ovaries from the other three treatments. In this figure triptolide is

represented by T and the low dose was 25 lg/kg body weight, medium dose was 50 lg/kg body weight, and high

dose was 100 lg/kg body weight.

S14 JOURNAL OF ZOO AND WILDLIFE MEDICINE



dose exhibit severe discomfort, with vigorous

head shaking, heavy salivation, and face-rubbing

(Dyer, pers. obs.).

To date, the caustic properties of VCD have

severely limited its use to control free-feeding rats

using oral dosing. The challenge has been to

develop a bait formulation containing VCD at

effective concentrations, but without undesirable

side effects. In the study reported here, rats ate

297–564 mg/kg body weight when VCD was

incorporated into the proprietary bait that pre-

vents noxious chemical properties, thus allowing

consumption of efficacious doses (250–500 mg/kg

body weight6). Nonetheless, it is clear that the

presence of VCD þ triptolide did reduce bait

intake, as seen by comparing rats in the control

bait group with the VCDþ triptolide dose groups.

It has been reported that oral gavage with

triptolide leads to fewer growing follicles and

increased atresia of secondary follicles, as shown

by observations at 200–400 lg/kg body weight for

90 days.8 In this present study, triptolide reduced

primordial follicle counts at a lower dose, and

with much shorter exposure time, suggesting a

possible interaction between VCD and triptolide

to potentiate their effects with less total exposure.

Absence of corpora lutea in ovaries of rats that

ate bait with triptolide at 50 lg/kg body weight

suggests absence of recent ovulations that poten-

tially could reduce litter sizes. In the two pub-

lished papers in which female rats were dosed

with only triptolide, there was no mention of an

effect on corpora lutea. However, progesterone, a

steroid made in abundance by corpora lutea, was

reduced by 49% after 90 days of triptolide gavage

at 100 lg/kg body weight, perhaps indicating a

reduction in number of corpora lutea or their

steroidogenic capacity.8

VCD acts to block proto-oncogene c-kit (KIT)

autophosphorylation of oocytes of only primordial

Figure 4. Rats that consumed bait containing 4-vinylcyclohexene diepoxide (VCD þ triptolide at the medium

dose of 50 lg/kg body weight had significantly fewer primordial, secondary, and antral follicles, and no corpora

lutea. The four treatment groups included the following: control, no active ingredients; VCD 1.0%þ triptolide low

dose of 25 lg/kg body weight; VCD 1.0% þ triptolide medium dose of 50 lg/kg body weight; and VCD 1.0% þ
triptolide high dose of 100 lg/kg body weight.A. Primordial follicles counts. B. Secondary follicle counts. C.Antral

follicle counts. D. Corpora lutea counts. Please note the Y-axis scale for each type of follicle and corpora lutea.
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and primary follicles, which helps to explain why

older follicles are not targeted.9 When primordial

follicles cannot activate due to VCD interference,

they ultimately are eliminated by atresia. This is

observed in cultured rat pup ovaries with short-

term (24 hr) VCD exposure, resulting in significant

atresia 4 days later.3 Consequently, over time,

absence of a primordial follicle pool results in

ovarian failure, since nomore follicles can develop.

The mechanism of action of triptolide differs

from that of VCD in that triptolide acts nonspe-

cifically by interfering with the transcription

factor TRIIH and inhibiting DNA-dependent

ATPase activity, leading to inhibition of RNA

polymerase II–mediated transcription and nucle-

otide excision repair.11 Triptolide also has been

shown to have potent immunosuppressive and

antiproliferative activities. For instance, tripto-

lide is highly effective against a variety of cancer

types that include colon carcinoma, neuroblas-

toma, cholangiocarcinoma, and pancreatic carci-

noma.2 Triptolide’s mechanism of action in the

gonads, specifically the ovary, has not been

determined. Although both VCD and triptolide

can cause systemic oral toxicity in rats, this

occurs at significantly higher doses and greater

durations of dosing than those consumed by the

rats in our VCD þ triptolide bait treatment

groups. Thus, it is unlikely that the specific dose

effects observed in ovarian follicle stages and

corpora lutea were due to nonspecific toxic

effects of the active ingredients. Given the

specificity of VCD and lack of specific organ or

tissue targeting of triptolide, it is intriguing that

the combination of these chemicals exerts such a

potent effect on ovarian follicle populations.

Current experiments are testing the impact of

bait with VCD þ triptolide on rat fertility and

fecundity.

Figure 5. Ovaries from all four treatment groups appeared normal except that the ovaries from rats that

consumed 4-vinylcyclohexene diepoxide (VCD) þ the medium triptolide dose had no corpora lutea. The four

treatments groups included the following: control, no active ingredients; VCD 1.0% þ triptolide low dose of 25

lg/kg body weight; VCD 1.0%þ triptolide medium dose of 50 lg/kg body weight; and VCD 1.0%þ triptolide high

dose of 100 lg/kg body weight.
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Figure 6. 4-Vinylcyclohexene diepoxideþ triptolide

at 50 lg/kg body weight caused significant reduction in

all stages of ovarian follicles and a complete loss of

corpora lutea. A. Primordial follicle counts. B. Sec-

ondary follicle counts. C. Antral follicle counts. D.

Corpora lutea counts.
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