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Introduction: Guinea pigs are susceptible to pregnancy toxemia. This disorder is a metabolic 
disease. 
Materials & Methods: A colony of laboratory guinea pigs was monitored for the occurrence 
of pregnancy toxemia at a breeding center. Blood and urine samples were collected from 
suspected cases for measurement of pH, glucose, triglycerides, total protein, ALP, creatinine 
and ketone bodies. Following necropsy, samples from internal organs were collected for 
bacterial culture, and tissues were prepared for histopathological examination. The diet used 
was also sent to the laboratory for chemical and toxicological analysis.
Results: Only five pregnant female guinea pigs showed clinical signs suspicious of pregnancy 
toxemia. At necropsy, the stomach and cecum were empty, and the liver was large and pale. 
On cross-section, the kidneys appeared pale. In the histological section of the liver, balloon 
cells and an abundance of fat vacuoles were observed, and in the kidney, foci of tubular 
coagulation necrosis were observed. The results of the cultures were negative for opportunistic 
and pathogenic bacterial agents. Blood total protein, pH and glucose decreased, and creatinine​​
, ALP, and ketone bodies increased. In urine, the pH changed from completely alkaline to 
acidic, and ketone bodies increased sharply. Chemical and microbiological analysis of the diet 
did not detect any significant changes in nutrients. In addition, it was negative for salmonella 
and shigella, and the aflatoxin content was within the permissible range.
Conclusion: In conclusion, it is recommended to replace old female guinea pigs with young 
females in the colony to prevent the occurrence of this syndrome. 
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1. Introduction

ike humans, guinea pigs are susceptible 
to pregnancy toxemia [1]. Pregnancy tox-
emia is a metabolic disease [1]. Factors 
contributing to its development include 
aging, poor diet (lack of carbohydrates 
and high-fat intake), obesity, malnutri-

tion, non-specific or undefined stressors such as han-
dling, transportation, etc. a large and number of fetuses, 
and genetic factors [1-5]. Obesity and malnutrition are 
critical predisposing factors [1, 2]. Although the disease 
is most common during pregnancy, it can also occur in 
male guinea pigs as a related metabolic disease called 
ketosis [1]. Pregnancy toxemia usually occurs in preg-
nant guinea pigs, especially obese ones, during the last 
two weeks of pregnancy or 7–10 days after parturition 
[2, 6]. Female guinea pigs in their first pregnancy and 
older females that have had multiple pregnancies are 
more affected by this disorder [1]. 

Two main mechanisms contribute to pregnancy tox-
emia in guinea pigs. One is a metabolic disorder and the 
other is a cardiovascular disorder or circulatory or toxic 
form [2, 3]. In both forms, the clinical signs are similar 
and are mainly seen in late pregnancy [2, 3]. The meta-
bolic form, also called ketosis, typically occurs in preg-
nant guinea pigs, especially obese ones, at 2-3 weeks of 
gestation or 7-10 days after parturition [3, 7]. Obese male 
guinea pigs may also develop the metabolic form, or ke-
tosis under the influence of other predisposing factors 
[3]. In the circulatory or toxic form, the large number 
and size of fetuses cause excessive uterine volume and 
pressure on the caudal aorta, renal, and hepatic vessels, 
and may lead to ischemia in the placental and uterine 
vessels due to decreased blood flow in the uterine ves-
sels, along with thrombocytopenia due to hemorrhage 
and necrosis in the placenta, which ultimately leads to 
acute ketosis, coma, and death [2, 3]. 

In terms of clinical signs, guinea pigs with pregnancy 
toxemia usually become calm and lethargic at first. Eat-
ing and drinking stops. The body hair becomes ruffled, 
and the animal may suffer from hair loss due to tricho-
phagia (hair pulling due to stress). Another sign is weight 
loss. After 48 hours from the onset of clinical signs, 
the animal becomes dyspneic and falls to the ground, 
eventually falling into a coma and dying 5-6 days after 
the onset of clinical signs. Similar symptoms are seen 
in obese male guinea pigs with metabolic ketosis. The 
urine of healthy guinea pigs is pale yellow and clear to 
slightly cloudy, whereas in pregnancy toxemia, due to 
dehydration, the animal becomes very dehydrated and 

the urine becomes very concentrated and dark yellow to 
deep orange in color [2, 3, 6, 8]. 

Necropsy findings are similar in both forms, but in the 
circulatory form of pregnancy toxemia, the changes are 
more severe than in the metabolic form [7]. The stomach 
and cecum are empty of food and contents. The liver is 
enlarged, pale or yellow, and may exhibit focal areas of 
necrosis. The adrenals are enlarged with petechial and 
ecchymotic hemorrhages. On cross-section, the kidneys 
appear pale and may present subcapsular hemorrhages. 
The placental attachment to the uterus is easily torn and 
has petechial and ecchymotic hemorrhages [1-3, 9, 10]. 
In the histological section of the liver of a guinea pig 
with pregnancy toxemia, an abundance of fat vacuoles 
is visible. Histopathology also shows ischemia between 
the placenta and uterus, resulting from excessive pres-
sure on the caudal aorta exerted by the fetuses. Other his-
topathological findings include hemorrhage and necrosis 
in the placenta, as well as in the renal tubules and, to a 
lesser extent, in the adrenal glands and lungs [2]. 

The diagnosis of pregnancy toxemia is based on clini-
cal signs in pregnant or obese animals [1]. Biochemi-
cal changes in blood and urine also help considerably 
in diagnosing the disease. Urine becomes clear and 
acidic. Urine pH decreases from normal alkaline (8-9) 
to acidic (5-6) and shows increased ketones and protein 
in urine (proteinuria and ketonuria). In the blood, there 
is a decrease in glucose (hypoglycemia), an increase in 
fat (hyperlipidemia) (mostly in the form of increased tri-
glycerides), an increase in creatinine and ALP enzyme, 
and an increase in potassium ions (hyperkalemia) [1-3, 
11, 12]. Once clinical signs are seen in affected guinea 
pigs, treatment is ineffective. Administration of fluids 
and Ringer’s saline, calcium gluconate, 5% glucose, and 
corticosteroids have little effect. In general, prevention 
of pregnancy toxemia is more successful. Avoidance of 
environmental stressors, feeding a balanced and con-
sistent diet, prevention of obesity by limiting food in-
take, maintaining animals at appropriate body weights 
(approximately 450-500 g) in the colony, and preven-
tion of opportunistic infections are recommended. The 
aforementioned clinical, necropsy, and histopathological 
signs, especially in late pregnancy, acidification of urine, 
and other biochemical changes, as well as the failure to 
diagnose infectious diseases such as salmonellosis, bor-
detellosis, etc. and the poor response of affected animals 
to treatment methods, help in the differential and defini-
tive diagnosis of this disease [1, 2, 8, 13].
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2. Materials and Methods

2.1. Study population and conditions

The colony of Pirbright laboratory guinea pigs, con-
sisting of 210 males and 420 females, along with 1350 
growing offspring, were monitored for the possibility of 
pregnancy toxemia over a one-year period (from Janu-
ary 2014 to January 2015). The animals were fed stan-
dard laboratory guinea pig pellets and water ad libitum. 
The breeding system was conventional, using polycar-
bonate shoebox-type cages (type 4), with two females 
and one male per cage. Post-weaning, pups were sepa-
rated at a body weight of 200 g, sexed, and transferred 
to separate cages. Sterilized aspen wood shavings were 
used as bedding and replaced twice weekly. The breed-
ing room was maintained at 22–24 °C, 45–55% humid-
ity, with 8–10 air exchanges per hour (3-minute cycles), 
a 12:12-hour light/dark cycle, and light intensity below 
325 Lux [10]. During the study period, blood and urine 
samples were collected from a number of suspected 
cases, in accordance with the principles of ethical work 
with laboratory animals, to measure pH, glucose, tri-
glycerides, total protein, ALP, creatinine, and ketone 
bodies (β-hydroxybutyrate). After euthanasia and nec-
ropsy, bacterial cultures were performed from the liver, 
lungs, kidneys, and intestines on blood agar, MacCon-
key agar, and tryptic soy broth media. Tissue samples 
from the lungs, liver, and kidneys were also collected for 
histopathological examination and fixed in 10% form-
aldehyde solution. After the required time for fixation, 
5-micrometer tissue sections were cut from paraffin-
embedded blocks, stained with Hematoxylin and Eosin 
(H&E), and examined microscopically. Carcasses of 
euthanized guinea pigs were disposed of using an infec-

tious waste disposal system (Hydroclave). Also, the diet 
samples were sent to the laboratory for chemical and 
toxicological analysis.

3. Results

3.1. Morbidity rate and clinical signs 

During a one-year study, in a guinea pig colony, only 
five pregnant female guinea pigs showed clinical signs 
suspicious of pregnancy toxemia. By examining the 
breeding history, it was determined that all of them 
were at least in their third or fourth pregnancy, and the 
symptoms mentioned were observed in them a few 
days before to a few days after parturition. Two of them 
died approximately 7-10 days after the onset of clini-
cal symptoms. From three guinea pigs with acute clini-
cal symptoms that had gone into a coma, the blood and 
urine samples were collected after anesthesia and nec-
ropsy. Clinical symptoms included lethargy, anorexia, 
immobility, ruffled hair coat, hair loss, and ultimately 
falling to the ground, coma, and death (Figure 1).

3.2. Necropsy findings

In all specimens, the number of fetuses was at least 
3-4 and their size appeared relatively large. The stomach 
and cecum were empty, and the liver appeared enlarged 
and pale. On cross-section, the kidneys appeared pale. 
In some specimens, the adrenal glands were enlarged 
and exhibited petechial and ecchymotic hemorrhages, 
and the placental attachment to the uterus was easily 
detached and showed hemorrhages (Figures 2, 3 and 4).

Figure 1. Dead guinea pig in late pregnancy with hair loss
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3.3. Histopathology

In the histological examination of the liver of guinea pigs 
with pregnancy toxemia, balloon cells and an abundance 
of micro- and macrovesicular fat vacuoles were observed, 
and in the kidney, intertubular edema with focal tubular 
coagulation necrosis was observed (Figures 5 and 6).

3.4. Bacterial cultures and measurement of blood 
and urine biochemical factors

The results of bacterial cultures of samples prepared 
from the liver, lungs, kidneys, and intestines on blood 
agar, MacConkey agar, and tryptic soy broth media 
were negative for opportunistic and pathogenic bac-
terial agents such as Salmonella, Bordetella, etc. The 
biochemical factors measured in the blood and urine of 
guinea pigs with pregnancy toxemia and their normal 
values are shown in Table 1.

Figure 2. A) Empty stomach (blue arrow) and intestines, especially cecum (yellow arrow), pale liver (red arrow) and intrauter-
ine bleeding (black arrow); B) 6 fetuses, relatively large

Figure 3. Pale kidneys and a relatively large, pale liver with swollen edges in a guinea pig that died of pregnancy toxemia
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3.5. Diet analysis

In the chemical and microbiological analysis of the 
guinea pig diet, no significant changes in nutrients were 
detected, especially in terms of carbohydrate deficien-
cy or fat excess. In addition, the diet was negative for 
Salmonella and Shigella, and the aflatoxin content was 
within the permissible range. The nutritional require-
ments and diet analysis are shown in Table 2.

4. Discussion

Many mammalian species, including humans, rabbits, 
dogs, ruminants, and guinea pigs, develop pregnancy 
toxemia in late pregnancy or early lactation, although 
their characteristics are different [2, 7, 8]. It is more com-
mon in guinea pigs than in rabbits [7, 15-17]. In guinea 
pigs, this syndrome closely resembles pre-eclampsia in 
humans. The disease can be induced experimentally in 
pregnant or non-pregnant guinea pigs by reducing the 

Figure 4. Pale kidney (blue arrow) and enlarged adrenal with petechial hemorrhages (black arrow)

Figure 5. Fatty liver with balloon cells and abundance of micro- and macrovesicular fat vacuoles (white dots) in a section of 
liver tissue from a guinea pig that died due to pregnancy toxemia
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amount of food, and in obese males and females by oc-
cluding the uterine arteries and disrupting uteroplacental 
blood flow, leading to placental hypoxia, inflammation, 
or maternal endothelial dysfunction. Therefore, this 
animal is used as a model for pregnancy toxemia of in 
humans, called pre-eclampsia [18-21]. The circulatory 
form of pre-eclampsia develops in guinea pigs in late 
pregnancy. At this time, approximately 50% of body 
weight is due to the fetal mass. In this situation, pres-
sure on the caudal aorta causes uteroplacental ischemia 
and renal vascular disorder. Blood flow in the uterus 
decreases by up to 30%, leading to placental infarction 
and intravascular coagulation [7]. In the last two weeks 
of pregnancy and up to one week after parturition, the 
energy requirement to maintain the fetuses and sup-
port growth and lactation increases, and the guinea pig 

is forced to catabolize fat to provide energy. Because 
the body metabolizes fats and proteins in the absence 
of glucose, it produces substances called ketone bod-
ies. These are used instead of glucose and provide en-
ergy for the body. Ketone bodies are produced by the 
liver. The two main ketone bodies are acetoacetate and 
β-hydroxybutyrate. The third ketone body is acetone, 
which is not present in large quantities. If ketone bodies 
increase in the blood and urine, the animal is in ketosis. 
Ketone bodies are acidic, and the consequence of ketosis 
is acidosis (a decrease in the body pH), which causes 
damage to body tissues, especially the central nervous 
system. In addition, the enzyme phosphofructokinase is 
inhibited, which is dangerous for cells due to its role in 
glycolysis [9, 20, 22, 23].

Table 1. Biochemical factors measured in the blood and urine of guinea pigs with pregnancy toxemia and their normal values 
[1, 6, 12]

Normal Range in 
Urine

In the Urine of Affected 
Guinea Pigs

Normal Range 
in Blood

In the Blood of Affected 
Guinea PigsBiochemical Factors

8-95-5.87.35-7.456.9-7.1pH

0+++>0.51.12-1.17Ketone body (beta hydroxybutyr-
ate) (mmol/L)

Not measured60-12018-20Glucose (mg/dL)

Not measured20-903000-3550Triglycerides (mg/dL)

Not measured5.5-6.54-4.2Total protein (g/dL)

Not measured70-2001580-1992ALP (IU/L)

Not measured0.6-2.22.5-3.1Creatinine (mg/dL)

Figure 6. Intertubular edema with focal tubular coagulative necrosis in the kidney of a guinea pig with pregnancy toxemia 
(H&E staining, 32x magnification)
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Table 2. Nutritional requirements and diet analysis of guinea pigs under investigation [14]

Analysis of Guinea Pig Diet Guinea Pig Nutritional RequirementsMaterial

18.5116-18Crude protein (%)

886900Energy (Kcal/lb)

3.362.4Crude fat (%)

20.3115Crude fiber (%)

0.910.8Calcium (%)

0.330.4Phosphorus (%)

0.270.05Sodium (%)

0.230.05Chloride (%)

0.320.6Methionine (%)

0.290.84Lysine (%)

1.111.2Arginine (%)

0.460.36Histidine (%)

0.940.6Isoleucine (%)

1.441.1Leucine (%)

0.901.1Phenylalanine (%)

0.740.6Threonine (%)

0.240.18Tryptophan (%)

0.930.84Valine (%)

1.586.6Vit A (mg/Kg)

0.0040.025Vit D3 (IU/Kg)

7426.7Vit E (mg/Kg)

145200Vit C (mg/Kg)

0.30.2Vit B7 (biotin) (mg/Kg)

6.42-3Vitamin B6 (pyridoxine) (mg/kg)

53Vitamin B2 (riboflavin) (mg/kg)

13401800Choline (mg/kg)

NegativeNegativeSalmonella culture (/25gr)

NegativeNegativeEscherichia coli (CFU/gr)

1.95-20Total aflatoxin (ppb)
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In this study, by measuring biochemical factors in the 
blood and urine of guinea pigs suspected of pregnancy 
toxemia, all of whom had a history of at least three par-
turitions, it was determined that the blood showed a de-
crease in total protein and pH, a severe decrease in glu-
cose, an increase in creatinine, and a marked increase in 
Alkaline phosphatase (ALP) enzyme and ketone bodies 
(β-hydroxybutyrate). In the urine, a change in pH from 
completely alkaline to strongly acidic and a very sharp 
increase in the amount of ketone bodies were observed, 
all of which are characteristics of pregnancy toxemia. 
Considering the clinical and necropsy symptoms, histo-
pathological changes in liver and kidney tissues, and the 
lack of bacterial culture of opportunistic and pathogenic 
organisms, the diagnosis of this disease is confirmed. 
Given the absence of signs of obesity in the guinea pig 
colony and the absence of disease in male or non-preg-
nant females, as well as the appropriateness of the results 
of diet analysis, and the fact that during the investigation, 
the presence of environmental stressors, transportation 
conditions, and inappropriate handling were not detect-
ed, the reason for the occurrence of this syndrome in the 
colony could be the high age of the pregnant guinea pigs 
and the relatively large number of fetuses or their large 
size in the breeding females in the third or fourth preg-
nancies onwards. Given the low incidence of this syn-
drome in the colony (0.8%), it is concluded that the role 
of genetic factors is also negligible. 

5. Conclusion

It is recommended that, to prevent the occurrence of 
pregnancy toxemia from the third parturition onwards, 
these animals should be replaced with young females in 
the colony so that the effect of increasing age and in-
tolerance of heavy pregnancies in the occurrence of this 
syndrome is completely eliminated.
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