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Changes in Blood Parameters and Coagulation-
Related Gene Expression in Pregnant Rats

Yoshinaka Urasoko,! Xi Jun He,> Tomonori Ebata,! Yuichi Kinoshita,!
Junichi Kobayashi,! Masahiro Mochizuki,' and Masamichi Ikeya®’

The present study examined changes in maternal blood parameters, particularly those related to blood coagulation, as well
as alterations in blood coagulation-related gene expression in the liver during gestation in rats. Fibrinogen concentration and
platelet count increased as pregnancy progressed whereas prothrombin time and overall activity of vitamin-K-dependent
coagulation factors decreased before delivery, suggesting a physiologic response to prevent prolonged bleeding at parturition.
Conversely, compared with values for nonpregnant rats, activated partial thromboplastin time was prolonged before delivery
and antithrombin time was significantly higher during fetal organogenesis and thereafter, indicating a mechanism to prevent
the development of deep tissue thrombosis in dams. DN A microarray analysis revealed no differences in coagulation-related
gene expression in the liver on gestation day 13 between pregnant and nonpregnant rats, whereas the gene expression of
various fibrinogen-related factors, coagulation factors II and X, and the anticoagulation factor-related factor leuserpin 2 were
increased on gestational day 19. In addition, changes similar to those reported previously in pregnant rats were confirmed.
The data obtained from the present study can be used as background data for effective evaluation of reproductive toxicol-
ogy in rats, and they suggest that the rat is a useful animal model for investigating the mechanisms of disorders in the blood

coagulation system that can occur during late pregnancy in women.

Abbreviation: GD, gestation day.

The rat is commonly used as a model in studies on embryol-
ogy and reproductive toxicology. During pregnancy, rats show
significant changes in blood parameters that are similar to those
in pregnant women.>”?1 Therefore, meaningful interpretation
of data from toxicology studies using pregnant animals can
be difficult without the benefit of historical control data. In
addition, precisely assessing the fetotoxicity of the compound
administered requires that the secondary effects of maternal
toxicity on the fetus are taken into consideration. However,
few data regarding changes in maternal blood parameters
during pregnancy in rats have been reported.31%125 In particu-
lar, detailed reports on changes in blood coagulation-related
parameters in pregnant rats are sparse. This area is important
because hemostatic changes associated with increased risk of
thrombosis are frequent during late pregnancy in humans.>4711
Pregnant women also show increased susceptibility to drugs
due to decreased levels of drug-binding proteins.??

This study was performed to clarify how hematologic and
biochemical parameters, especially those related to blood co-
agulation, change during the course of gestation in rats and
how well pregnant rats serve as models of pregnant women
in research pertaining to clinical pathology and gestation. In
addition, blood coagulation-related gene expression in rat liver
was analyzed by using DNA microarrays.

Materials and Methods

Animals. Male and female specific pathogen-free rats of the
Sprague-Dawley strain were purchased from Charles River
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Laboratories Japan (Kanagawa, Japan) at approximately 13 to
16 wk of age. The animals were housed individually in bracket-
type stainless steel wire-mesh cages (width, 254 mm; depth,
350 mm; height, 170 mm) in an animal room under controlled
conditions (temperature, 21 to 26 °C; relative humidity, 42% to
64%; ventilation, 10 to 15 changes per hour; 12:12-h light:dark
cycle). For mating, 1 male and 1 female rat were caged together
for as long as 1 wk. Daily vaginal smears were obtained, and
gestational day (GD) 0 was assigned based on obtaining a
sperm-positive vaginal smear. A total of 50 pregnant animals
(P group) were used for this study. In addition, 20 nonpregnant
virgin female rats comprised a control group. All animals were
given standard pelletted food (NMF, Oriental Yeast, Tokyo,
Japan) and municipal tap water ad libitum throughout the ac-
climation and experimental periods.

The experimental procedures were conducted according to
the Animal Welfare Guidelines of Bozo Research Center.!3

Experimental designs. All rats were euthanized by exsanguina-
tion from the abdominal aorta under ether anesthesia. Subsets of
10 pregnant rats were euthanized at GD7 (implantation), GD13
and GD17 (period of organogenesis), and GD20 (immediately
before parturition). In the nonpregnant group, 10 animals were
euthanized at the start of experiment (GDO). In addition, 5
animals each from the P and nonpregnant groups were eutha-
nized at GD13 and GD19 for DNA microarray analysis on blood
coagulation-related genes in the liver.

The animals were checked daily for clinical signs and were
weighed immediately before euthanasia.

Hematology. At euthanasia of each animal, blood (approxi-
mately 1 mL) was collected from the abdominal aorta into blood
collection tubes (SB41, Sysmex Corporation, Hyogo, Japan)
containing dipotassium EDTA. The RBC count, hemoglobin,
hematocrit, mean corpuscular volume, mean corpuscular
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Assayed by using blood treated with dipotassium EDTA

Parameter Method Unit
Red blood cell count Dual-laser flow cytometry 10%/ uL
Hemoglobin Modified cyanmethemoglobin g/dL
Hematocrit Calculated from RBC count and mean corpuscular volume %o
Mean corpuscular volume Dual-laser flow cytometry fL
Mean corpuscular hemoglobin Calculated from red blood cell count and hemoglobin Ps
Mean corpuscular hemoglobin concentration ~ Calculated from hematocrit and hemoglobin g/dL
Reticulocytes Flow cytometry using RNA staining %
Platelet count Dual-laser flow cytometry 10*/uL
White blood cell count Dual-laser flow cytometry 10?/uL
Differential white blood cell count Flow cytometry using peroxidase staining and dual-laser flow cytometry %
Assayed by using plasma separated from blood treated with sodium citrate
Parameter Method Unit
Prothrombin time Clot method s
Activated partial thromboplastin time Clot method s
Fibrinogen thromboplastin method mg/dL
Antithrombin time Synthetic substrate method %
Overall activity of vitamin-K-dependent Commercial kit %
coagulation factors

Figure 1. Parameters, methods, and units of measure for hematology.
Determined by using serum
Parameter Method Unit
Alkaline phosphatase Bessey-Lowry method IU/L
Total cholesterol CEH-COD-POD method mg/dL
Triglyceride LPL-GK-GPO-POD method mg/dL
Phospholipid PLD-ChOD-POD method mg/dL
Total bilirubin Bilirubin oxidase method mg/ dL
Glucose Glucose dehydrogenase method mg/dL
Blood urea nitrogen Urease-LEDH method mg/dL
Creatine Creatininase—creatinase-sarcosine oxidase-POD method mg/dL
Sodium Ion-selective electrode method mmol/L
Potassium Ion-selective electrode method mmol/L
Chloride Ion-selective electrode method mmol/L
Calcium OCPC method mg/dL
Inorganic phosphorus Molybdic acid method mg/dL
Total protein Biuret method g/dL
Albumin BCG method g/dL
Albumin:globulin ratio Calculation from total protein and albumin levels
Determined by using plasma
Item Method Unit
Aspartate aminotransferase UV-rate method IU/L
Alanine aminotransferase UV-rate method IU/L
Lactate dehydrogenase UV-rate method IU/L
Creatine phosphokinase UV-rate method IU/L
y-Glutamyltranspeptidase y-glutamyl-3-carboxy-4-nitroanilide method IU/L

Figure 2. Parameters, methods, and units of measure for blood biochemistry.

hemoglobin, mean corpuscular hemoglobin concentration,
reticulocytes, platelets, WBC count, and differential leukocyte
count were assayed by using an automated hematology system
(Advia 120, Bayer Corporation, Tarrytown, NY; Figure 1).

In addition, blood (approximately 0.9 mL) was collected in
the same way into blood collection tubes containing 3.8% (w/v)
sodium citrate (Wako Pure Chemical Industries, Tokyo, Japan)
and centrifuged at 1600 X g for 10 min to separate plasma. The
plasma sample obtained was examined for prothrombin time,
activated partial thromboplastin time, and fibrinogen content

by using an automated coagulometer (ACL 100 (Instrumenta-
tion Laboratory, Tokyo, Japan), for antithrombin time (ATIII)
by using an automatic clinical chemistry analyzer (TBA120FR,
Toshiba, New York, NY), and for overall activity of vitamin-
K-dependent coagulation factors by using a commercial assay
(Thrombo Test, Owren Axis-shield, Oslo, Norway).

Blood biochemistry. Blood (approximately 4 mL) was col-
lected from each rat as described earlier, put into test tubes
containing coagulant (Venoject II-Autosep, Terumo Corporation,
Tokyo, Japan), and centrifuged at 1600 x g for 10 min to separate
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Table 1. Changes in hematology values (mean * 1 SD) in pregnant rats

RBC count hemoglobin hematocrit (%)  Mean corpus- Mean corpuscu- Mean Reticulocytes (%)
(x10*/pL) (g/dL) cular volume  lar hemoglobin corpuscular
(fL) (pg) hemoglobin
concentration
(g/dL)
Nonpregnant 823 +32 16.0 £ 0.4 40.8+1.2 49.6+1.2 19.5+£0.5 39.3+0.7 15+0.2
GD7 773 £322 152 £0.5% 39.1+1.1° 50.7+1.9 19.7+£0.7 38.8+0.6 2.9+0.54
GD13 677 £222 13.6 £0.6 35.1+1.6° 51.9+2.2° 20.1£0.8¢ 38.7£0.4° 43+£0.64
GD17 679 £292 13.4£0.42 341+1.0° 502+1.5 19.8£0.5 39.4+0.5 3.8+0.84
GD20 614 £322 12.0+0.6 30.8 +£1.6° 50.2+1.0 19.6+0.5 39.0+04 14+0.6
2P < 0.01 compared with value from nonpregnant animals (Student ¢ test; n = 10 per group)
PP < 0.05 compared with value from nonpregnant animals (Aspin-Welch t test; n = 10 per group)
P < 0.05 compared with value from nonpregnant animals (Student ¢ test; n = 10 per group)
4P < 0.01 compared with value from nonpregnant animals (Aspin-Welch f test; n = 10 per group)
Table 2. Changes in WBC parameters (mean * 1 SD) in pregnant rats
Differential leukocyte counts (%)
WBC count Large un-
(x102/uL) Lymphocytes  Neutrophils Eosinophils Basophils Monocytes stained cells
Nonpregnant 81.4+14.7 79.0+4.7 153 +4.1 1.8+0.6 0.3+0.1 25+0.8 1.0+0.3
GD7 107.9 +£19.7 744162 19.3+6.3 1.6+03 04+0.1 33+0.6° 1.1+£04
GD13 126.0 £27.1¢ 67.1+4.1° 27.6+3.7% 1.0+0.3¢ 04+0.1 32+05° 0.7+03
GD17 109.7 +£27.04 58.4+5.8 35.1+6.2° 1.3+0.34 0.3+0.1 4.0+0.72 09+0.3
GD20 123.7 £ 28.4¢ 55.0+7.22 39.5+7.4¢ 0.9+0.3¢ 0.3+0.1 32+09 12+0.7

2P < 0.01 compared with value from nonpregnant animals (Student ¢ test; n = 10 per group)
PP < 0.05 compared with value from nonpregnant animals (Student ¢ test; n = 10 per group)
P < 0.01 compared with value from nonpregnant animals (Aspin-Welch t test; n = 10 per group)
4P < 0.05 compared with value from nonpregnant animals (Aspin-Welch t test; n = 10 per group)
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Figure 3. Changes in blood coagulation-related parameters in preg-

nant rats. Data are presented as differences from the levels in non-

pregnant rats. ¥, P < 0.05; **, P < 0.01 compared with value from control

group.

sera. The sera samples obtained were evaluated for alkaline
phosphatase, total cholesterol, triglycerides, phospholipids,
total bilirubin, glucose, blood urea nitrogen, creatine, sodium,
potassium, chloride, calcium, inorganic phosphorus, total
protein, and albumin by using an automatic clinical chemistry
analyzer (TBA120FR, Toshiba; Figure 2). Additional blood
(approximately 2.0 mL) from each rat was collected into tubes
containing heparin sodium (20 U heparin per 1 mL blood) and
centrifuged at 1600 X g for 10 min to separate plasma. The plasma
sample obtained was examined for aspartate aminotransferase,
alanine aminotransferase, lactate dehydrogenase, creatine phos-

phokinase, and y-gutamyltranspeptidase by using an automatic
clinical chemistry analyzer (TBA120FR, Toshiba Corporation).

RNA extraction, microarray analysis, and microarray data
analysis. The liver slices obtained on GD13 and GD19 were sub-
merged immediately in RNA stabilization reagent (RNAlater,
Qiagen, Valencia, CA). After being incubated at 4 °C overnight,
samples were stored at —80 °C until total RNA was prepared.
Total RNA was extracted and purified by using a commercial
kit (RNeasy Mini Kit, Qiagen) according to the manufacturer’s
instructions. The integrity of the purified total RNA was deter-
mined by denaturing agarose gel electrophoresis.

Microarray analysis was performed according to the protocol
provided by the manufacturer of the microarray chip (Affyme-
trix, Tokyo, Japan). Briefly, 10 pug total RNA from each rat was
used for cDNA synthesis using the T7-(dT),, primer [5" GGC
CAG TGA ATT GTA ATA CGA CTC ACT ATA GGG AGG CGG
(dT),, 3’]. The cDNA was resuspended in RNase-free water and
used to synthesize biotinylated cRNA (3" Amplification Rea-
gents for IVL Labeling Kit, Affymetrix, Santa Clara, CA). After
a 16-h incubation at 37 °C, the resultant biotin-labeled cRNA
was fragmented and stored at —20 °C until hybridization. The
hybridization solution was prepared by using a commercial kit
(GeneChip Eukaryotic Hybridization Control Kit, Affymetrix)
and was hybridized to the microarray chip (Rat Expression Ar-
ray 230A, Affymetrix) at 45 °C for 16 h in a hybridization oven
(GeneChip Hybridization Oven 640, Affymetrix). The chips
were washed and stained automatically (Fluidics Station, Af-
fymetrix) and scanned (Gene Array Scanner, Affymetrix).

Images from the scanned chips were processed and analyzed
(Microarray Suite 5.0, Affymetrix, and Excel, Microsoft, Red-
mond, WA). For analysis of the different liver tissue target RNA
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Table 3. Changes in blood coagulation-related parameters (mean + 1 SD) in pregnant rats

Overall activity of

Fibrinogen Platelets Prothrombin time vitamin-K-dependent Antithrombin
(mg/dL) (x10*/pL) (s) coagulation factors (s) APTT (s) time (%)
Nonpregnant 217+ 14 1142 +13.7 13.0+£0.5 28.91 +£1.47 188+1.1 147 +6
GD7 201+£23 116.8 £12.0 12.3+£0.32 28.15+1.55 16.8+1.4P 142 +7
GD13 263 £ 40° 125.8 £5.1¢ 13.1£0.6 31.68 £1.35° 192+1.7 162 £12°
GD17 271 £ 35° 128.1 £12.5¢ 12.7+04 27.96 +1.06 202+25 155 + 84
GD20 460 + 44° 137.7 £40.2 11.3+0.3° 25.19 £ 0.98° 234+1.5° 154 +9

APTT, activated partial thromboplastin time

2P < 0.01 compared with value from nonpregnant animals (Aspin-Welch ¢ test; n = 10 per group)
PP < 0.01 compared with value from nonpregnant animals (Student ¢ test; n = 10 per group)
P < 0.05 compared with value from nonpregnant animals (Aspin-Welch  test; n = 10 per group)
dP < 0.05 compared with value from nonpregnant animals (Student ¢ test; n = 10 per group)
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Figure 4. Changes in blood coagulation-related parameters in preg-
nant rats. Data are presented as differences from the levels in non-
pregnant rats. *, P < 0.05; **, P < 0.01 compared with value from control
group. PLT, platelet count; PT, prothrombin time; TBT, overall activity
of vitamin-K-dependent coagulation factors; APTT, activated partial
thromboplastin time; ATIII, antithrombin time.

samples (GD13 and GD19), values for gene expression in the
samples of nonpregnant virgin controls were set as the baseline.

After global normalization was performed for each ex-
perimental datum, the fold change was derived as the ratio of
average differences from an experimental array compared with
a control array. Statistical analysis was performed by Student ¢
and Welch t tests (Excel, Microsoft, Redmond, WA) as appropri-
ate. Genes with low reliability (detection P value greater than
0.05) were excluded from the analysis.

Statistical analysis. The mean (+ 1 SD) was calculated for each
of the parameters examined for each animal, and these results
were analyzed for differences between the nonpregnant and
pregnant groups by using F tests (Excel, Microsoft). Further
analysis was performed by using Student or Aspin-Welch ¢
tests (Excel, Microsoft). A P value of less than 0.05 indicated
statistically significant differences.

Results

Clinical signs and pathologic findings No abnormal clinical
signs or pathology were observed in any animals.

Changes in hematologic parameters The results of hema-
tology assays are shown in Table 1. Compared with those of
nonpregnant rats, the RBC count, hemoglobin concentration,
and hematocrit of pregnant rats were significantly lower on
GD?7 and continued to decrease through GD20 (Table 1). On the
other hand, reticulocytes began to significantly increase on GD7,
reached a plateau from GD13 to GD17, and returned to the con-
trol level on GD20 (Table 1). The WBC count was significantly
increased in pregnant animals throughout the gestation period

(Table 2). Relative to differential leukocyte counts in nonpreg-
nant rats, neutrophils in pregnant rats were increased on and
after GD13 and the monocyte count was increased from GD7 to
GD17, but lymphocyte and eosinophil counts were decreased
on and after GD13 (Table 2).

Changes in blood coagulation-related parameters Compared
with values in the nonpregnant group, fibrinogen (Figure 3)

and platelet levels gradually increased from GD13 onward

in pregnant rats (Table 3). In addition, the prothrombin time
and overall activity of vitamin-K-dependent coagulation
factors were significantly shortened on GD20 (Figure 4). The
activated partial thromboplastin time on GD7 was shortened,
after which it was significantly higher increased on GD20. The
antithrombin time was increased on GD13 and GD17 and even
more so on GD20.

Changes in blood biochemical parameters. Compared with
those in the nonpregnant rats, lactate dehydrogenase was higher
throughout the gestation period, and alkaline phosphatase was
decreased on GD20 in pregnant animals (Table 4). Creatine
phosphokinase showed higher values on and after GD13 (Table
4). The total cholesterol and phospholipids showed significantly
lower values on GD13 but showed significantly higher values
on GD20 (Table 5). Triglyceride levels were significantly higher
on GD17 and GD20, whereas creatine was decreased on GD13
(Table 5). In addition, sodium and chloride in pregnant animals
were decreased throughout the gestational period, especially
on GD20 (Table 6). In addition, the calcium levels on GD17
and GD20 were decreased whereas phosphorus was increased
from GD7 to GD17 (Table 6). Albumin and total protein levels
were significantly decreased from GD13 to GD20, and the
albumin:globulin ratio showed lower values on and after GD13
(Table 6).

Changes in blood coagulation-related genes expression. The
expression of blood coagulation-related genes in the liver on
GD13 was unchanged from that of nonpregnant animals (Table
7). In contrast, the expression of genes related to fibrinogen,
coagulation factors (FII, X), and Leuserpin 2 clearly were in-
creased on GD19.

Discussion

In this study, we examined changes in blood parameters, es-
pecially those related to blood coagulation, as well as alterations
in the expression of blood coagulation-related genes in the liver
during gestation in rats. As noted in the introduction, hemostatic
changes in pregnant women are remarkable, especially in late
pregnancy, 471! and the risk of thromboembolism becomes 5
times greater.5 However, in pregnant women, platelet counts
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Table 4. Changes in blood chemistry parameters (IU/L; mean + 1 SD) in pregnant rats

Aspartate amin- Alanine amin- Lactate dehydro- v-glutamyl Alkaline phos- Creatine phos-

otransferase otransferase genase transpeptidase phatase phokinase
Nonpregnant 66+13 42+13 39+5 1+0 407 +108 59+7
GD7 59+6 40+5 47 £ 62 1+£0 524 +207 65+8
GD13 71+9 50+8 52+ 8 1+0 500 £ 171 97 £17°
GD17 75+10 651152 62+ 14P 1+1 440 + 55 92+17°
GD20 62+9 49+6 61+14b 1+0° 244 + 622 88+ 122
2P < 0.01 compared with value from nonpregnant animals (Student ¢ test; n = 10 per group)
PP < 0.01 compared with value from nonpregnant animals (Aspin-Welch f test; n = 10 per group)
P < 0.05 compared with value from nonpregnant animals (Student ¢ test; n = 10 per group)
Table 5. Changes in blood chemistry parameters (mg/dL; mean + 1 SD) in pregnant rats

Total choles- Total bili- Blood urea
terol Triglycerides Phospholipids rubin Glucose nitrogen Creatine

Nonpregnant 64+6 39+25 135+£13 0.1£0.1 167 £7 21+3 0.26 £0.02
GD7 65+7 52+24 138 £ 16 0.1£0.1 17015 19+2 0.26 +0.04
GD13 43 +£72 55+29 99 +13° 0.1£0.0 136 + 14¢ 19+3 0.21+0.032
GD17 71+12 181 £ 64¢ 154 £17° 0.0£0.1 122 £10° 19+3 0.24 £ 0.02°
GD20 96 112 255 +99¢ 202 £212 0.1+0.0 108 +12¢ 19+1 0.26 £0.03
2P < 0.01 compared with value from nonpregnant animals (Student ¢ test; n = 10 per group)
PP < 0.05 compared with value from nonpregnant animals (Student ¢ test; n = 10 per group)
P < 0.01 compared with value from nonpregnant animals (Aspin-Welch ¢ test; n = 10 per group)
Table 6. Changes in blood chemistry parameters (mean + 1 SD) in pregnant rats

Na K Cl Ca P Total protein Albumin Albumin:globulin

(mmol/L) (mmol/L) (mmol/L) (mg/dL) (mg/dL) (g/dL) (g/dL) ratio

Nonpregnant 142+1 44+04 109 +£2 9.9+0.3 59+0.3 6.3+0.3 3.0%0.2 0.94+0.07
GD7 141£12 42+03 107 + 1P 10.1£0.3 6.4+0.6° 6.1+0.3 3.0+0.2 0.93 £0.04
GD13 138 £ 22 45+0.3 104 +2° 10.0+0.5 7.5+0.5° 58+0.3% 2.7+0.1° 0.86 + 0.05°
GD17 139 +£12 46+04 102 + 2P 10.1+£0.2 6.8 0.6 5.9+0.34 28+020 0.88 +0.05
GD20 138+ 12 47+04 10212 9.2+0.3° 59+0.7 5.3+0.3 23+0.1° 0.74 £0.03*

2P < 0.01 compared with value from nonpregnant animals (Aspin-Welch f test; n = 10 per group)
PP <0.01 compared with value from nonpregnant animals (Student ¢ test; n = 10 per group)
P < 0.05 compared with value from nonpregnant animals (Aspin-Welch ¢ test; n = 10 per group)
4P < 0.05 compared with value from nonpregnant animals (Student ¢ test; n = 10 per group)

change only slightly or remain constant,>?! and the prothrombin

time may not change.>?! Therefore, changes in factors VII
through X rather than those in thrombocytes and prothrombin
are thought to increase the risk of thromboembolism.? In this
regard, 1 study® reported increases in coagulation factors Il and
Xin pregnant women.

Fibrinogen and platelet counts in pregnant rats increased
during the course of pregnancy, and the prothrombin time and
activity of vitamin-K-dependent coagulation factors decreased
before delivery. These changes could be a physiologic reaction
to prevent prolonged bleeding at parturition. In contrast, the
activated partial thromboplastin time clearly was prolonged
before delivery, and the antithrombin time was higher during
fetal organogenesis (GD13) and thereafter. These changes may
indicate a mechanism to prevent the development of deep tissue
thrombosis in dams. Microarray analysis of blood coagulation-
related genes in the liver indicated no changes in expression on
GD13, whereas those of the fibrinogen-related factors coagula-
tion factors (II and X) and the anticoagulation factor-related
gene leuserpin 2 (Serpindl) were elevated on GD19, in good
correspondence with the results of the hematologic examination.

Leuserpin 2 is a serine proteolytic enzyme that rapidly destroys
thrombin in the presence of heparin.'8

As previously reported,® RBC, hematocrit, and hemoglobin
in pregnant rats were significantly decreased compared with
those of nonpregnant animals, and the degree of effect pro-
gressed through gestation in the present study. This pattern is
considered to be secondary to hemodilution reported in both
pregnant women and rats.38 In pregnant women, hemodilution
is considered to begin around midorganogenesis, and the in-
crease in plasma volume during the second trimester is thought
to be the cause of the ‘physiological anemia of pregnancy,” which
is the progressive decrease in hemoglobin and hematocrit con-
centrations that occurs until approximately gestational week
30 in women.?

In pregnant rats, reticulocytes began to increase on GD7,
reached a plateau during organogenesis (GD13 and GD17),
and then returned to the level of the nonpregnant group before
delivery. The increase in reticulocytes is said to be related to the
increased demand for RBC during organogenesis.® Moreover,
the increase in serum progesterone concentration during orga-
nogenesis is thought to be a trigger of erythropoiesis.?® There
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Table 7. Modified genes involved in blood coagulation

Blood parameters in pregnant rats

Accession number GeneBank definition and comment Fold change?® on GD19
NM_012559.1 Fibrinogen B beta chain mRNA 1.57
U05675.1 Fibrinogen B beta chain mRNA 1.57
AlI072045 Fibrinogen, A alpha polypeptide 1.52
AA875097 Fibrinogen, A alpha polypeptide 2.30
NM_017143.1 Coagulation factor X 1.68
NM_022924.1 Coagulation factor II (F2) 1.41
NM_024382.1 Leuserpin 2 (Serpind1) 1.74

2Compared with value from nonpregnant animals; no difference between pregnant and nonpregnant rats on GD13.

are conflicting reports regarding changes in reticulocyte levels
in pregnant women.!21°

In the present study, WBC counts increased during the course
of gestation. Neutrophil and monocyte counts increased from
GD13 to GD20 and from GD7 to GD17, respectively, whereas
lymphocytes and eosinophils decreased from GD13 to GD20.
Such changes in WBC, monocyte, and lymphocyte counts
are similar to those reported previously for rats.? In contrast,
WBC parameters increase throughout gestation in pregnant
women. 1620

Similarly to reports for pregnant rabbits,? rats,317 and
women,'® total protein and albumin levels in pregnant ratss
decreased from the beginning of organogenesis, and the drop in
total protein likely reflects the decreased serum albumin levels.
In addition, glucose decreased significantly from early organo-
genesis (GD13) through the fetal growth stage (GD20), and the
decrease in serum glucose concentration may be partially due
to the increased demand for glucose by developing fetuses.

All varieties of lipids decreased throughout the gestation
period in previous reports of rats,3!* whereas total choles-
terol, triglycerides, and phospholipids on GD20 increased in
the present study. The reason underlying these differences is
unknown. Reports regarding changes in serum lipid levels in
pregnant women are similarly conflicting.!®

As reported previously,? Na and Cl levels decreased through
gestation, and Ca level was lower on GD20 in pregnant rats in
the present study, whereas their P concentration was higher
from GD7 to GD17 compared with that of nonpregnant animals,
in contrast to previous findings in rats.® In pregnant women,
changes in electrolytes similar to those observed in the present
pregnant rats were thought to reflect the increased demand for
skeletal mineralization during fetal growt,?* and to be respon-
sible for increased water retention induced by plasma volume
expansion.>?® Alkaline phosphatase, an enzyme leaked from
the liver, decreased remarkably on GD20 in rats, as reported
for pregnant women'? and pregnant rabbits,?® in which it was
considered to be related to the increased estrogen level or in-
creased estrogen:progesterone ratio.

The data shown in this paper can be used as background
information for effective evaluation of reproductive toxicology
in rats. Moreover, the rat seems to be a useful animal model
for investigating the mechanisms of disorders in the blood
coagulation system which are reported to occur during late
pregnancy in women.
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