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The Chinese hamster used in biomedical research
is traditionally classified as Cricetulus griseus (Honacki
et al., 1982), but some taxonomists (Nowack and
Paradiso, 1983) do not recognize this species and clas-
sify these animals as Cricetulus barabensis. For the
purpose of this chapter, the Chinese hamster will be
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INTRODUCTION referred to as Cricetulus griseus the classification used

by most authors. The Chinese hamster, also known as
the striped-back hamster (Figure 35.1), is indigenous
to Northern Asia, with a range extending from south-
ern Siberia, Mongolia, and northeastern China, to the
northern regions of North Korea. The Chinese hamster
has had an important and much storied role in biomed-
ical research. However in recent years, this hamster’s

907 © 2012 Elsevier Inc.


http://dx.doi.org/10.1016/B978-0-12-380920-9.00035-3

908 35. THE CHINESE OR STRIPED-BACK HAMSTER

FIGURE 35.1 An adult Chinese hamster, Cricetulus griseus. Note
the dark stripe on the dorsal midline. Photo courtesy of Dr. Don Holmes,
Department of Veteran Affairs.

contributions as a laboratory animal have been largely
overshadowed by the focus on its cell lines and the role
they play in scientific research and biotechnology.

The Chinese hamster has several biological fea-
tures that have helped promote its use in biomedical
research. These attributes include its small size, polyes-
trous cycle, short gestation period and low chromosome
number (Chang et al., 1987). In addition, the Chinese
hamster has a low incidence of spontaneous and endog-
enous viral infections. This species has been shown to
be susceptible to a number of experimentally induced
viral, bacterial, and parasitic infections (Diani and
Gerritsen, 1987).

The Chinese hamster was first used as a laboratory
animal to type pneumococci obtained from human
patients (Hsieh, 1919). Subsequently, the Chinese ham-
ster became a valuable animal model in other infectious
disease and epidemiology research studies. This hamster
is a known carrier of the protozoal parasite Leishmania
that causes the often deadly human disease leishmani-
asis, also known as Kala-azar or black fever.

Efforts at domestication, in the mid-20" century,
resulted in the serendipitous finding that some inbred
lines of Chinese hamsters develop spontaneous heredi-
tary diabetes mellitus. This finding fostered interest in
the Chinese hamster as an animal model for diabetes
and helped spur research interest in hamster genetics
(Yerganian, 1959, 1985).

The Chinese hamster has been used as an animal
model in radiobiological research and has been shown
to be more resistant to the effects of radiation exposure
than many other common laboratory rodents (Corbascio
et al., 1962). In addition, the Chinese hamster has been
utilized for the experimental induction of gastric and
esophageal tumors (Baker et al., 1974).

Tijo and Puck (1958) isolated Chinese hamster
ovary (CHO) cells (Figure 35.2) which have since been
commonly used as an in vitro research tool for muta-
genesis and carcinogenesis studies. Subsequent labo-
ratory investigations have led to a series of elegant
research studies directed at utilizing CHO cells for the

FIGURE 35.2 Chinese hamster ovary cell culture, phase contrast
(positive) microscopy. Photo courtesy of Wikimedia Commons and User
Alcibindes.

production of recombinant therapeutic proteins (Oka
and Rupp, 1990). During the past 20 years, CHO cells
have been used to synthesize a wide array of recombi-
nant proteins that have found clinical application in the
treatment of a variety of human diseases (Chin, 2007;
Jayapal et al., 2007).

BIOLOGY

General

Chinese hamsters are small rodents with a gray-
ish black coat and a black dorsal stripe. Adult ani-
mals weigh approximately 39—46 grams, and measure
approximately 9cm in length. The average gestation
length is 20.5 days, with a litter size of approximately
4-5 offspring. Newborn pups weigh approximately 1.5—
2.5 grams. The average life span under laboratory con-
ditions is 2.5-3.0 years (Harkness, 1984; Harkness and
Wagner, 1985). An overview of physiological reproduc-
tive data is provided in Table 35.1.

The Chinese hamster, like the Syrian hamster, has
a cheek pouch that can be used as an immunologically
privileged site. Normal hematological parameters for
the Chinese hamster are shown in Table 35.2. In terms
of distinctive anatomical features that have been quanti-
tatively assessed, the brain and spleen in both sexes are
relatively larger, with respect to body size, than those
of the Syrian hamster (Festing, 1972). In addition, adult
male Chinese hamsters have exceptionally large testicles.

Behavior

Chinese hamsters, particularly sexually mature
females, are bellicose and frequently fight with one
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CARE AND HUSBANDRY

TABLE 35.1 Normal Hemogram of the Chinese Hamster*P
Parameter Mean = SD
Erythrocytes (10°/pl) 7.1+ 0.01
Packed cell volume (%) 421 =56
Hemoglobin (g/dl) 12.4
Leukocytes (10°/ul) 55
Neutrophils (%) 193 £2.2
Bands (%) 02 +0.1
Lymphocytes (%) 76178
Monocytes (%) 21+03
Eosinophils (%) 1.7x0.7
Basophils 0.1 £0.04
Sedimentation rate (mm/h) 35*+17
Bleeding time (s)P 55

“From Moore (1966).
"From Yerganian et al. (1955).

TABLE 35.2 Reproductive Physiological Data for the
Chinese Hamster?

Weaned 21-25 days®
Sexually mature 8-12 weeks®
Type of estrous cycle Polyestrus®
Duration of estrous cycle 4 days®
Length of estrus 6-8 hours®

Ovulation time Immediately before estrus®

Copulation 2-4h after start of dark period®
Implantation 5-6 days®

Gestation 20.5 days®

Average litter size 4.5-5.2¢

Number of mammae 8¢

Postpartum estrus 4 days®

“Table from Hankenson and Van Hoosier (2002); reprinted with permission from
Academic Press.

YFrom Yerganian (1958).

‘From Festing (1972).

From Moore (1965).

another. Fights erupt frequently between females, and
least often among males. The presence of females usu-
ally suppresses fighting behavior in males, whereas the
presence of males has no effect on female aggression
and fighting behavior.

The marking pattern used by the Chinese hamster
involves vigorous scratching of the flank gland with a
hindfoot, followed by pressing the anogenital region
onto a substrate to transfer the scent-bearing secretion
of the flank gland onto the substrate. In female—female
encounters, marking frequency correlates with behav-
ioral dominance. In female-male interactions, the male
marks more frequently although the females are usually
dominant in fights or chases. In typical female-female
and male-male encounters, marking behavior follows
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rather than precedes engagement in fighting behavior.
The lack of warning behaviors and the high level of
food caching behavior observed in the Chinese ham-
ster are suggestive that in their natural habitat this spe-
cies lives a relatively solitary existence with infrequent
encounters with conspecifics (Skirrow and Rysan, 1976).

CARE AND HUSBANDRY

Housing

The Chinese hamster can be purchased commercially
or bred under laboratory conditions. It does well under
standard laboratory animal housing conditions. Since
the Chinese hamster is comparable in size to the mouse,
a similar type of caging and husbandry practices are
commonly used, and have proven adequate for gen-
eral housing. Hamsters with metabolic disorders such
as diabetes are more susceptible to stress and special
precautions must be taken in the provision of routine
husbandry to optimize colony management for diabetic
animals.

Feeding

There are no unique dietary requirements for the
Chinese hamster. A standard, commercially available
laboratory rodent diet provides adequate nutrition.
Wheat germ may be used as a dietary supplement for
breeders. Average daily water intake is 11.4ml and
12.9ml per 100 g body weight for male and female ham-
sters, respectively (Thompson, 1971).

Breeding

Early attempts to breed Chinese hamsters under
laboratory conditions were unsuccessful. However, a
reversed illumination schedule has been used to suc-
cessfully establish a production colony for research
purposes (Yerganian, 1958). Subsequently, several
other schemes have been utilized to manage Chinese
hamster breeding colonies due to the aggressiveness
of the animals, particularly the females. Consequently,
females with non-aggressive behavior (Calland, 1986)
or sexually aggressive males (Moore, 1965) are selected
as breeders. Modified test mating and monogamous
mating schemes are used to breed the Chinese hamster
(Camden et al., 1968, 1969). In one approach, a female is
placed with a male for 7 days or longer, but the female
is removed prior to delivery of the litter. In a second
scheme, the male and female are left together during
the entire reproductive life of the pair. Hand-mating
and artificial insemination have been used with moder-
ate success (Avery, 1968). A more practical and efficient
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approach to produce Chinese hamsters on a commer-
cial scale has been reported (Cisar et al., 1972). In this
system, three males are placed in a breeding cage with
three to five female littermates at weaning; the authors
reported a 3.5% loss of males per month.

Progesterone levels are markedly different during
estrus and pregnancy. During the Chinese hamster’s
4-day estrous cycle, maximal progesterone synthesis
occurs on day 3, in contrast to the low levels observed
on day 3 of the Syrian hamster estrous cycle (Sato
et al., 1984). During pregnancy, progesterone blood lev-
els increase through day 12, with a general stabilization
through day 18 of gestation. Progesterone blood lev-
els peak on day 19 with a dramatic drop immediately
prior to parturition (Sato et al., 1984). Breeding is con-
firmed by the presence of a vaginal plug. Pregnancy is
indicated by a closed vagina, with dry, pale, and scaly
perineal tissue at 4 days post-mating. In one study, an
increase in ambient room temperature (above 82°F) has
been shown to increase the number of runts in a litter
(Yerganian, 1958).

CYTOGENETICS AND FETAL
DEVELOPMENT

The Chinese hamster has been frequently selected
for studies of chromosomal abnormalities because of a
low spontaneous mutation rate and a low diploid chro-
mosome number (2N = 22). The ten large pairs of auto-
somes and the two sex chromosomes can be readily
differentiated. Chinese hamster chromosomes can be
divided into four morphologically distinct subgroups
(Vistorin et al., 1977). Research investigations suggest
that cleavage of embryos with chromosome abnormali-
ties is delayed compared with karyotypically normal
zygotes (Sonta et al., 1984). A survey of 226 Chinese
hamster preimplantation embryos indicates a low inci-
dence (0.9%) of genome mutations (Binkert and Schmid,
1977). The low spontaneous chromosome mutation rate
has made the Chinese hamster a good animal model for
mutagen testing.

Characterization of the gametes and in vivo fer-
tilization of the Chinese hamster have been reported
(Yanagimachi et al., 1983). Fertilization begins approxi-
mately 2-3 hours after ovulation and is completed within
the next 4-5 hours. At 20-26 hours following ovulation,
the first three cleavages occur. Four days post-ovula-
tion, the fertilized egg reaches the blastocyst stage and
enters the uterus. Implantation occurs at approxi-
mately day 5 or 6 post-ovulation (Pickworth et al., 1968).
Embryonic and fetal development of the Chinese ham-
ster have been extensively characterized. Prenatal devel-
opmental stages are similar to the developmental stages
in the mouse (ten-Donkelaar et al., 1979).
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DISEASES

Infectious Diseases

A Chinese hamster colony was evaluated for the
presence of murine viral antibodies and intestinal/
cecal microflora by Schiff et al. (1973). The presence of
antibodies against several murine viruses was reported
including: Pneumonia virus of mice (RNA virus, fam-
ily Paramyxoviridae), Kilham rat virus (DNA, fam-
ily Parvoviridae), Theiler’s murine encephalomyelitis
virus (GDVII ; RNA virus, family Picornaviridae), H-1
(DNA virus; family Parvoviridae), and Reovirus-3 (RNA
virus, family Reoviridae). No animals were found to
have detectable antibody levels to Sendai virus (RNA
virus, family  Paramyxoviridae), =~ Polyoma  virus
(DNA virus; family Papovaviridae), mouse adenovi-
rus (DNA virus; family Adenoviridae), mouse hepatitis
virus (RNA virus, family Coronaviridae), or lymphocytic
choriomeningitis virus (RNA virus, family Arenaviridae).
On assessment of 30 Chinese hamsters aged 2, 3, or 4
months from a colony of 200, Lactobacillus predominates
as the major bacterial group identified following quanti-
tative recovery from the intestinal tract. On examination
of the ceca, several bacterial genera have been routinely
identified including: Bacillus, Bacteroides, Escherchia,
Lactobacillus, Micrococcus, and Streptococcus.

A Mycoplasma species (M. cricetula) was isolated from
the conjunctiva and nasopharynx of 55 animals in one
Chinese hamster colony by Hill (1974). The pathogenic
significance of this organism has not been determined.

Zook et al. (1977) diagnosed Tyzzer’s disease in a
colony of Chinese hamsters. Affected animals exhibit
clinical signs of lethargy, diarrhea, rough hair coat, and
hunched posture. Gross necropsy findings include mul-
tiple, disseminated white foci in the liver and disten-
sion of the large intestine with semi-liquid yellow feces.
On microscopic examination, there is focal necrosis of
hepatic cells with no significant cellular inflammatory
response. Giemsa, toluidine blue, and methenamine sil-
ver stains reveal clusters of pleomorphic bacilli in the
cytoplasm of hepatic cells adjacent to necrotic foci. The
histopathological lesions are consistent with a diagnosis
of Tyzzer’s disease (Clostridium piliformis).

There are few reports of spontaneous parasitic
diseases in the Chinese hamster. In one survey, Schiff
et al. (1973) consistently found Trichomonas spp. in 2-, 3-,
and 4-month-old animals from a group of 200. An inves-
tigation by Benjamin and Brooks (1977) suggests a low
incidence of demodectic mange in the Chinese hamster.
Desch and Hurley (1997) identified a new species of mite,
Demodex sinocricetuli, in the Chinese hamster. In their
study, histopathologic evidence of demodectic mange is
found in only two of 157 animals. The clinical significance
of this organism has not been determined.
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DISEASES

Neoplastic Diseases

Chinese hamsters have a low incidence of spontane-
ous tumors; when tumors occur the most common asso-
ciation is involvement with the liver or reproductive
tract. The rarity of spontaneous and induced tumors
has been postulated to be attributable to the absence of
tumor-associated viruses in this species.

Uterine and Ovarian Tumors

Ward and Moore (1969) described spontaneous uter-
ine adenocarcinomas in 30 of 120 aged female Chinese
hamsters; approximately 10% of the affected hamsters
had lung metastases. Benjamin and Brooks (1977) found
similar uterine neoplastic lesions in 11 of 77 animals,
however, no pulmonary metastases were observed.
Brownstein and Brooks (1980) characterized and clas-
sified uterine neoplasms in 21 of 93 multiparous, non-
inbred Chinese hamsters ranging in age from 3 to
4 years.

Animals with malignant uterine neoplasms fre-
quently exhibit clinical signs of vaginal hemorrhage.
Gross necropsy findings include hemorrhage within
the peritoneal cavity and tumor spread by direct exten-
sion to other organs. On gross examination, the tumor
tissue is usually white to yellow with a nodular firm
surface. Brownstein and Brooks (1980) developed a his-
tological classification system for uterine neoplasms of
the Chinese hamster (Table 35.3). The most frequently
observed uterine tumor in the aged Chinese hamster
is endometrial adenocarcinoma. The Chinese hamster
might be a useful model for studying endomyometrial
neoplasms of women since the relative frequency and
classification of uterine tumors in the two species is
similar.

Kohn and Guttman (1964) report that the incidence
of ovarian tumors is significantly increased following
X-ray irradiation under several different exposure regi-
mens, however tumors are rarely observed in control
animals.

Hepatocellular Hyperplasia and Adenoma

Kohn and Guttman (1964) describe a benign liver
lesion, hepatocellular adenoma, in five of 112 non-
irradiated control animals but did not report any non-
neoplastic liver lesions. Ward and Moore (1969)
observed hepatocellular adenoma in 18 of 50 non-
irradiated control animals; they found a similar inci-
dence in animals receiving '*'I. They also reported
hepatocellular hyperplasia in some animals which they
postulate might be a pre-neoplastic lesion. Nodular
hepatic hyperplasia, a non-neoplastic lesion, is reported
in 111 of 157 aging animals in a survey conducted by
Benjamin and Brooks (1977). They found evidence
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TABLE 35.3 Classification of Endomyometrial Neoplasms in 21
Chinese Hamsters®

Site Type Occurrence® Metastasis
Endomyometrium Adenocarcinoma 13 Abdominal
spread (10)
Mixed adeno- 3 Abdominal
squamous spread (3)
carcinoma
Mixed Mullerian 2 Abdominal
carcinosarcoma spread (1)
Lung
metastasis (1)
Mixed mesodermal 1 Abdominal
spread
Myometrium Leiomyoma
Leiomyosarcoma 1 Abdominal
spread

“From Brownstein and Brooks (1980); reprinted with permission from the Journal of the
National Cancer Institute.

YFrom a group of 93 nulliparous non-inbred females with a median survival time

of 1040 days.

of hepatic adenoma in only one of the 157 animals.
Grossly, the two conditions appear similar with mul-
tiple nodules ranging in size from less than 1mm to
greater than 1cm in diameter, and lighter in color than
the surrounding tissue. Histologically, these are nodular
hyperplastic lesions ranging from small nodules with
normal sinusoid and central vein structure to coalescing
masses with disrupted tissue architecture. Parenchymal
cells are often enlarged with increased eosinophilic
and sometimes vacuolated cytoplasm. Cell nuclei
are enlarged but otherwise had a benign appearance.
Nodular hyperplasia was distinguished from hepatocel-
lular adenoma by the appearance of abundant hyper-
chromatic nuclei containing multiple nucleoli. Ward
and Moore (1969) also distinguished between nodular
hyperplasia and hepatic adenomas. In their investi-
gation they found a much higher incidence of hepatic
adenomas. Since the Chinese hamster is used in toxicol-
ogy studies, it is important to distinguish spontaneous
hepatic lesions from experimentally induced lesions.

Myeloproliferative Disease and Leukemia

Benjamin and Brooks (1977) report hematopoietic
hyperplasia in 49 of 157 Chinese hamsters. Bone mar-
row hyperplasia occurred in 36 animals. In most cases,
the hyperplasia is granulocytic. In approximately half
the cases, the hematopoietic hyperplasia is associated
with degenerative or inflammatory changes; in the other
cases no underlying lesions are observed. Splenomegaly
and a pale bone marrow are observed grossly in all clin-
ical cases. On microscopic examination, the marrow is
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hypercellular and granulocytic cells replace erythroid
cells. A diagnosis of leukemia is made in three cases;
myelocytes and myeloblasts with leukemic infiltrates
are found in liver, kidney, brain, spinal cord, and spleen.
The Chinese hamster might provide a useful model for
the study of myelogenous leukemia.

Other Neoplasms

Table 35.4 provides a summary of some infrequently
occurring, spontaneous malignancies that have been
reported for the Chinese hamster.

Metabolic and Genetic Disease

Spontaneous Diabetes Mellitus

Spontaneous diabetes mellitus was observed in
Chinese hamsters during early attempts to establish
inbred breeding colonies. This metabolic condition is
a suitable model for studying various aspects of the
human disease, and will be discussed in more detail in
the section on research uses. Since diabetes is a spon-
taneous disease in the Chinese hamster, the occurrence
of this metabolic disorder might potentially confound
experimental results in animals used for research pro-
tocols unrelated to diabetes. In addition, the use of
Chinese hamsters with spontaneous diabetes mellitus
in cytogenetic experiments might have a confound-
ing influence on experimental results due to metabolic
aberrations associated with the diabetic state.

TABLE 35.4 Infrequently Occurring Spontaneous Malignancies
of the Chinese Hamster?

Tumor type Occurrence Reference

Adrenal cortical 1/157 Benjamin and Brooks (1977)
carcinoma 4/112 Kohn and Gultman (1964)
Pancreatic 2/3 Poel and Yerganian (1961)
adenocarcinoma

Sweat gland 1/157 Benjamin and Brooks (1977)
adenocarcinoma

Squamous cell 1/157 Benjamin and Brooks (1977)
carcinoma

Subcutaneous 1/157 Benjamin and Brooks (1977)
fibrosarcoma

Undifferentiated 1/157 Benjamin and Brooks (1977)
sarcoma

Gastric 1/112 Kohn and Guttman (1964)
adenocarcinoma

Bile duct carcinoma 1/112 Kohn and Guttman (1964)
Ovarian adenoma 1/77 Benjamin and Brooks (1977)°

“From Ladiges (1987); reprinted with permission from Elsevier.
"Kohn and Guttman (1964) reported the occurrence of ovarian tumors in 18 of 74
irradiated females, but none in 69 control animals.
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Primary Chromosomal Abnormalities

Mikamo and Kamiguchi (1983) studied the occur-
rence of spontaneous chromosomal aberrations in
Chinese hamster oocytes and zygotes, and classified
the lesions according to their causal mechanism. A sum-
mary of this classification is provided in Table 35.5.
The overall incidence of chromosomal anomalies has
been determined to be 8%. This incidence is lower than
that estimated for the human population; the lower
incidence has been postulated to be due to the lack of
mutagen influence in a controlled laboratory environ-
ment. Since the Chinese hamster is frequently used as
an animal model for cytogenetic studies, it is important
to be cognizant of the incidence of spontaneous chro-
mosomal defects in this species.

Traumatic Diseases

Female littermates can become very aggressive as
they reach sexual maturity. Fighting and severe bite
wounds may lead to death. In addition, females can be
very aggressive following mating with resultant death
of male breeders. Separation of litters before fighting
occurs, and removal of the male following mating are
among the strategies used to prevent serious injury
and death. Selection of non-aggressive female breed-
ers through genetic selection has also been utilized as
a strategy to reduce fighting and traumatic injuries in
Chinese hamster breeding colonies.

TABLE 35.5 Primary Incidence of Spontaneous Chromosomal
Anomalies, Classified According to Their Origins and Causal
Mechanisms in the Chinese Hamster®

Chromosomal Origin and Causal
Anomaly Mechanism Incidence (%)
Aneuploidy Non-disjunction and anaphase
lagging
During oogenesis 2.1
During spermatogenesis 0.7
Mosaic Non-disjunction and anaphase
lagging
During first somatic division 0.5
Triploidy Diandry 0.9
Digyny 0.3
Uncertain 0.3
Haploidy Parthenogenesis 0.5
Structural anomaly ~ Breakage during oogenesis 13
Breakage during 1.4
spermatogenesis
Total 8.0

“From Mikamo and Kamiguchi (1983); reprinted with permission from Elsevier.
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RESEARCH USES

Reproductive Disorders

Avery (1968) reported infertility in young female
Chinese hamsters housed in open-bottom cages.
Infertility was believed to be attributable to excess hair
growth around the vulva that prevented penile penetra-
tion during copulation. Infertility has also been associ-
ated with diabetic females in inbred colonies. Parkening
(1982) studied aging changes and the effect on repro-
ductive performance. Clinical signs include failure to
conceive or decreased conception rates. Cage type and
colony health status have been shown to have an impact
on conception rates. Progesterone administration, imme-
diately following mating, has been used with some suc-
cess to increase conception in inbred and/or diabetic
breeders, and in aged animals (Avery, 1968; Parkening,
1982). Testicular degeneration and atrophy has been
observed in 14 of 80 male Chinese hamsters in an aging
colony of outbred hamsters (Benjamin and Brooks, 1977).

Miscellaneous Diseases

Pulmonary Granulomas

Pulmonary granulomas have been observed in 54
of 157 aging Chinese hamsters (Benjamin and Brooks,
1977). On gross examination, the lesions are subpleural,
1-3-mm yellow-gray foci with variable degrees of lung
involvement. Histologically, mild lesions consist of lipid-
filled macrophages, while more severe lesions include
well-developed granulomas containing lipid-filled mac-
rophages, inflammatory cells, focal septal fibrosis, and
occasional cholesterol clefts. Several animals exhibit
severe alveolar and bronchiolar epithelial hyperplasia.
The cause of the pulmonary granulomas has not been
determined. The significance of this spontaneous lesion
should be differentiated from pathology attributable to
experimentally induced causes.

Cerebral Hemorrhage

Cerebral hemorrhage is observed in 20% of both
control and experimental animals in a *'I chronic tox-
icity study (Ward and Moore, 1969). Sporadic deaths
are observed in 1-2-year-old animals. The cause of the
cerebral hemorrhage has not been determined but is
postulated to involve an inflammatory or degenerative
change in the anterior cerebral artery. On gross exami-
nation, hemorrhage is observed between the cerebral
hemispheres with blood often present in the lateral
ventricles. On histological examination, the lesions
are restricted to the anterior cerebral artery. In acute
cases, the vascular changes include an increased arte-
rial lumen diameter, and thickened arterial wall with
the presence of inflammatory cells. An amorphous
eosinophilic material is often present in the media of
the arterial wall. The eosinophilic material is periodic
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acid-Schiff (PAS)-reagent-positive but fibrin-negative.
In chronic cases, the arterial wall is greatly thickened
with numerous macrophages surrounding the lesions.
In affected animals, no vascular changes are found else-
where in the brain or in other organs. The incidence
of cerebral hemorrhage is not known since this clini-
cal condition has not been reported in other Chinese
hamster colonies.

Degenerative Renal Disease
INTERCAPILLARY GLOMERULOSCLEROSIS

Intercapillary glomerulosclerosis has been reported in
Chinese hamsters in association with diabetes mellitus
(Meier and Yerganian, 1961). It has also been reported as
a progressive condition associated with aging (Guttman
and Kohn, 1960; Kohn and Guttman, 1964).

NEPHROSCLEROSIS

Nephrosclerosis is described in 46 of 157 Chinese
hamsters in one colony of animals older than 600 days
(Benjamin and Brooks, 1977). Incidence and severity of
the condition are age-dependent. Early changes include
tubule degeneration, mild interstitial fibrosis, and cor-
tical atrophic foci. Progressive pathologic changes con-
sist of glomerular sclerosis, severe interstitial fibrosis,
and severe tubular degeneration and atrophy. Severely
affected kidneys are small in size, pale tan, and have a
pitted surface.

Periodontitis

Cohen et al. (1961) describe periodontitis in an
inbred strain of Chinese hamsters with hereditary dia-
betes mellitus. Incidence correlate with the presence
and severity of the underlying metabolic disorder.
The periodontitis in the Chinese hamster corresponds
closely to the development of the clinical condition in
humans affected by diabetes mellitus.

Spondylosis

Silberberg and Gerritsen (1976) report an increased
incidence of spondylosis in an inbred strain of Chinese
hamsters with spontaneous diabetes mellitus compared
to non-diabetic control animals.

RESEARCH USES

Infectious Diseases

There are few reports of spontaneously occurring
infectious diseases in Chinese hamsters. However, this
species has been experimentally shown to be susceptible
to a variety of different infectious agents and has been
used extensively in viral, bacterial, and parasitological
disease investigations. Table 35.6 provides a list of some
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TABLE 35.6 Representative Experimental Infectious Diseases

in the Chinese Hamster

Disease agent Reference
Viral

Rabies virus Yen (1936)
Influenza Yen (1940)

Viral encephalitis virus
Scrapie virus
Rous sarcoma virus

Transmissible mink encephalopathy
virus

Corona virus

Bacteria

Pneumococcus
Corynebacterium diphtheria
Mycobacterium tuberculosis
Leptospira spp.

Parasites

Leishmania sp.

Monila sp.

Trichinella spiralis
Hymenolepsis microstoma
Babesia microti

Toxoplasma gondii
Schistosoma mansoni
Trichinella pseudospiralis
Acanthamoeba sp.

Chang et al. (1951)
Chandler and Turfrey (1972)
Hillova et al. (1985)
Kimberlin (1987)

Luo (2007)

Hsieh (1919)

Lu and Zia (1935)
Wang (1951)
Plesko (1977)

Hindle et al. (1926)
Kurotchkin and Lin (1930)
Ritterson (1968)

Ritterson (1971)

Krampitz and Baumler (1978)
Fuji et al. (1983)

Crabtree and Wilson (1984)
Stewart and Larsen (1989)
Van Klink et al. (2007)

infectious disease agents that have been studied experi-
mentally using the Chinese hamster as an animal model.

Metabolic Disorders

Spontaneous Diabetes Mellitus

Spontaneous hereditary diabetes mellitus, with simi-
larities to the human disease, was first described in
Chinese hamster inbred lines by Meier and Yerganian
(1959). The diabetic Chinese hamster has been studied
extensively to elucidate the pathophysiology associated
with the disease and to develop effective clinical ther-
apies for treatment of the human disease. Numerous
reviews of the spontaneously diabetic Chinese hamster
model have been published (Chang, 1978, 1981; Diani
and Gerritsen, 1987; Gerritsen, 1982; Hunt et al., 1976;
Sirek and Sirek, 1967, 1971, Wappler and Fiedler, 1972).

PATHOPHYSIOLOGY

The diabetic Chinese hamster has been described as
an inbred, lean animal that exhibits glucose intolerance,
mild to severe hyperglycemia, hypoinsulinemia, polyuria,
glycosuria, possible ketonuria, and high free fatty acid
levels (Dulin and Gerritsen, 1967; Dulin and Soret, 1972;
Gerritsen and Blanks, 1974; Gerritsen and Dulin, 1967).

Several genetic and environmental factors have been dem-
onstrated to play a role in this metabolic disturbance in the
hamster and influence the extent of beta cell death. These
factors include the amount of food consumed, dietary
composition, and uterine environment of the dam (Dulin
and Gerritsen, 1967, 1972; Gerritsen and Dulin, 1967,
1972; Gerritsen et al., 1970, 1974, 1976, 1981). Plasma insu-
lin and glucagon levels have been shown to be altered in
chronically diabetic animals. In general, diabetic Chinese
hamsters exhibit low, non-fasting plasma insulin levels
(Gerritsen, 1982; Gerritsen and Blanks, 1974; Gerritsen and
Dulin, 1967). Plasma insulin levels of newly diagnosed dia-
betic Chinese hamsters are usually within normal limits
or slightly elevated (Gerritsen, 1982; Gerritsen and Blanks,
1974). Plasma glucagon levels are usually elevated with
chronic disease (Chang et al., 1977a). The chronic absolute
deficiency of plasma insulin and the high plasma gluca-
gon levels in the diabetic Chinese hamster are similar to
endocrinologic changes observed for human type I dia-
betes. Pancreatic hormone levels are markedly altered
in the chronic diabetic state. Pancreatic insulin levels are
decreased, whereas pancreatic glucagon levels are gener-
ally elevated, particularly with chronic disease. Pancreatic
somatostatin concentrations are significantly decreased in
diabetic Chinese hamsters (Petersson et al., 1977).

PATHOLOGY

A number of studies using the Chinese hamster
have focused on structural changes in the islets of
Langerhans. Primary morphological alterations are
observed in the 3 cells, which degranulate as the dis-
ease progresses (Boquist, 1969; Like et al., 1974a,
1974b; Malaisse et al., 1967). The defective 3 cells in
the Chinese hamster are characterized by prolifera-
tion of rough endoplasmic reticulum, expansion of the
Golgi apparatus, and glycogen deposition (Boquist,
1969; Luse et al., 1967; Soret et al., 1974). The islets are
reduced in size due to (3-cell death (Carpenter et al.,
1967, 1970). Some peripheral tissues and organs have
been studied by light and/or electron microscopy,
to better characterize the diabetic Chinese hamster.
Glycogen deposition in the renal tubules is the most
consistent change in the kidney (Soret et al., 1973, 1974).
Examination of the eyes of diabetic Chinese hamsters
documents the presence of retinal lesions. The most
consistent finding involves glycogen deposition within
Miiller cells of the outer nuclear layer (Soret et al., 1973,
1974). Structural changes have been identified in the
central, peripheral, and autonomic nervous systems of
diabetic Chinese hamsters. Alterations of the hypotha-
lamic-hypophyseal axis may provide the basis for the
development of diabetic syndrome in this animal model
(Bestetti and Rossi, 1982; Deslex and Rossi, 1976; Luse
et al., 1970). Extensive studies of the autonomic nervous
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system, including both qualitative and morphometric,
have been conducted in the diabetic Chinese hamster.
Aberrant myelination and axonal degeneration of pel-
vic viscera may contribute to urinary bladder disten-
sion in the diabetic Chinese hamster (Dail et al., 1977).
Reduction of myelinated and unmyelinated fiber size in
the abdominal sympathetic trunk and ventral abdomi-
nal vagus nerve might be a causative factor underly-
ing gastrointestinal malfunction in the diabetic Chinese
hamster (Diani et al., 1981, 1984).

GENETICS

The original hypothesis for diabetes in the Chinese
hamster proposed that a single recessive gene and cer-
tain modifier genes are responsible for the syndrome
(Meier and Yerganian, 1959, 1961a, 1961b; Yerganian,
1964). However, based upon epidemiologic examina-
tion of diabetic animals from other colonies, a poly-
genic hypothesis has been proposed for the disease.
This hypothesis states that the Chinese hamster pos-
sesses a minimum of four recessive diabetogenic genes.
In the homozygous state, any two of the genes produce
a glycosuric hamster. Extensive genetic studies involv-
ing backcrosses have now shown that certain sublines
of hamsters possess a single recessive gene for diabe-
tes, whereas other sublines possess two recessive genes
(Gerritsen et al., 1984). The onset of glycouria in the
diabetic hamsters is regulated by a multi-gene system.
Inbred non-diabetic Chinese hamsters appear to lack
any recessive genes for diabetes.

EFFECT OF DIET

Dietary modification has been shown to have a pro-
nounced effect on diabetes development in this animal
model. In prediabetic hamsters, hyperphagia is often
observed. By limiting feed consumption to that of a
non-diabetic hamster, a delayed onset of glycosuria and
prevention of urinary ketones is achieved (Gerritsen,
1974, 1975; Gerritsen and Dulin, 1972). In another study,
dietary restriction was shown to delay the development
of glycosuria and hyperglycemia. Hyperinsulinemia is
typically not observed in non-hyperphagic prediabetic
animals (Gerritsen et al., 1981). Metabolic complications
associated with diabetes are reduced or prevented by
changes in dietary composition. A reduction in dietary
fat and replacement of animal fat with vegetable fat in
the diet ameliorates or prevents ketonuria (Gerritsen
et al., 1981; Grodsky et al., 1974).

THERAPY

The diabetic Chinese hamster is an insulin-defi-
cient model of diabetes mellitus. Treatment with exog-
enous insulin has a beneficial effect on the metabolic
alterations. Severely diabetic animals treated with
Neutral Protamine Hagedorn (NPH) insulin exhibit
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a substantial reduction in glycosuria (Gerritsen and
Dulin, 1966). In other investigations, continuous insu-
lin infusion for 7 or 14 days was demonstrated to elicit
improvements in blood glucose levels and endogenous
insulin release from diabetic animals (Bringer et al.,
1981; Frankel et al., 1979). However, insulin treatment
of prediabetic Chinese hamsters does not delay the
onset or the severity of glycosuria or hyperglycemia
(Frankel and Grodsky, 1979).

Chemically Induced Diabetes Mellitus

Several chemical agents have been used to induce
the metabolic and pathologic complications of diabetes
mellitus in hamsters which do not possess the genes for
diabetes. Experimentally induced clinical abnormalities
include hyperglycemia, glucosuria, abnormal plasma
insulin levels, and {3 cell abnormalities. These abnormal-
ities are similar to those observed in chemically induced
diabetic rats and mice. Diabetogenic substances
include: streptozotocin, N-nitrosomethylurea, alloxan,
monosodium glutamate, cortisone, and zinc deficiency.

STREPTOZOTOCIN

Streptozotocin, an  antibiotic derived  from
Streptomyces achromogenes, has a direct cytotoxic effect
on pancreatic islet 3 cells of the Chinese hamster. A
single intravenous streptozotocin injection (75mg/kg)
into fasted animals causes a decrease in insulin levels,
hyperglycemia, an increase in serum free fatty acids,
and an elevation in hepatic glucose-6-phosphatase
activity. There is no observed concurrent degranula-
tion and degeneration of islet 8 cells (Losert et al., 1971;
Richter et al., 1971). A transient glycosuria is produced
with low-dose streptozotocin (25mg/kg) administered
in concert with NPH insulin therapy (Berman et al,,
1973). In several studies, streptozotocin was adminis-
tered to adult animals as a single dose (175 or 200mg/
kg). Changes indicative of diabetogenesis included
hyperglycemia, glycosuria, and pancreatic islet changes
affecting both o and (3 cells. Further, pancreatic insulin
and glucagon levels were significantly reduced (Dulin
and Soret, 1977). Others have shown that, follow-
ing treatment with streptozotocin, the §3 cells undergo
severe degeneration characterized by cytoplasmic vacu-
olization, nuclear pyknosis, and cell necrosis (Wilander
and Boquist, 1972).

ALLOXAN

Alloxan, a pyrimidine nucleic acid, has a cytotoxic
effect on cells and has been used to induce diabetes in
the Chinese hamster. Intramuscular or intraperitoneal
injection of a single alloxan dose (300mg/kg) is shown
to cause a temporary, modest rise in blood glucose lev-
els in the Chinese hamster (Boquist, 1967). Alloxan
is considered a transitory diabetogenic agent in the
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Chinese hamster (Boquist, 1968; Boquist and Falkmer,
1970). Normalization of blood glucose and regeneration
of islet 3 cells are shown to occur within several weeks
of alloxan administration.

MONOSODIUM GLUTAMATE

A single subcutaneous injection of monosodium
glutamate (4mg/kg) into newborn Chinese hamsters
causes a marked change in the hypothalamus including
severe necrosis and loss of nerve cell bodies in the arcu-
ate and ventromedial hypothalamic nuclei (Komeda
et al., 1980). These pathological changes are suggestive
that the hypothalamus plays a central role in the devel-
opment of monosodium glutamate-induced diabetes.

General Toxicology

The non-diabetic Chinese hamster has received
considerable attention as a rodent model for the toxi-
cological evaluation of a wide range of agents. Its use-
fulness is attributable to its small size, relatively long
lifespan, and ease of care and handling. The Chinese
hamster has been utilized to evaluate a wide range
of chemicals and physical agents including radio-
isotopes, X-irradiation, microwaves, environmental
pollutants, therapeutic drugs, pesticides, and potent
tumorigenic agents. Table 35.7 provides an overview
of some select general toxicology studies conducted in
the Chinese hamster.

Genetic Toxicology

The Chinese hamster has been widely used for
cytogenetic testing. It is an ideal candidate for genetic
toxicology studies, due to its well-defined, stable
karyotype, short gestation period, large chromo-
somes, and low chromosome number. Cytogenetic
testing requires careful attention to a number of fac-
tors including: growth conditions, controls, doses,
treatment conditions, and the time interval between
treatment and sample analysis. In vivo assays for chro-
mosomal aberrations involve treatment of intact ani-
mals and later collection of intact cells for cytogenetic
analysis (Kirkland et al., 1990; Tice et al., 1994). The
main advantage of an in vivo cytogenetic assay is that
mammalian metabolism, DNA repair, and pharmaco-
dynamics can be evaluated. The target is tissue from
which large dividing cells can be easily prepared. Bone
marrow from rats, mice, or Chinese hamsters has been
most commonly used.

Cytogenetic assays have been developed utilizing
mammalian cell lines to identify cells that have experi-
enced genetic damage (e.g., chromosomal aberrations,
micronuclei, sister chromatid exchanges, or changes
in chromosome number). A large body of literature
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TABLE 35.7 Chemical Agents (Environmental Pollutants and
Therapeutic Drugs) Which have been Tested for their Ability to
Produce Genetic Aberrations in Chinese Hamsters

Agent

Genetic Aberration

Reference

3,4-benzopyrene

7,12-dimethyl-

Sister chromatid
exchange in bone
marrow cells

Chromosome breakage

Bayer et al. (1981)

Kato et al. (1969)

benzanthracene in bone marrow cells

Formaldehyde Chromatid gaps, breaks Natarajan et al.
and exchanges of ovary (1983)
cells

Phenanthrene Sister chromatid Bayer et al. (1978)
exchange in bone
marrow cells

Styrene None Norppa et al.

(1980)

Vinyl chloride Chromatid breaks, Basler and
fragments, gaps, Rhorborn (1980)
deletions and sister
chromatid exchange
in bone marrow cells

Acyclovir Chromosome Clive et al. (1983)
breakage in bone
marrow cells

Benzodiazepine None Schmid and

Staiger (1969)

Cyclophosphamide =~ Chromosome gaps Miltenburger et
and exchanges in al. (1981)
bone marrow cells
and spermatogonia

Phenylbutazone None Muller and

Strasser (1971)

Praziquantel None Machemer and

Lorke (1978)
Quinine None Munzer and
Renner (1983)

Sulfonylureas Sister chromatid Renner and

exchange in bone Munzer (1980)

marrow cells

exists on the effects of a variety of chemical insults on
chromosome composition in Chinese hamster cells.
These insults include radiation, environmental pollut-
ants, therapeutic drugs, pesticides, mycotoxins, and
other agents. Metaphase analysis is used in conven-
tional cytogenetics to detect chromosomal anomalies,
especially unstable chromosomes or chromosomal
aberrations.

Two in vitro assays for chromosomal damage have
been developed in cloned Chinese hamster ovary cells
to identify chemicals capable of inducing chromosomal
aberrations or sister chromatid exchanges in mam-
malian cells. Both assays are described in detail by
Galloway et al. (1985, 1987).
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Chromosomal Aberration (CA) Test

Since many birth defects and most cancers are asso-
ciated with abnormal chromosome complements, it is
important to identify chemicals that can induce chro-
mosome damage. To assess induction of chromosomal
aberrations, cells are harvested during the first mitotic
division after initiation of chemical exposure. The CA
assay only detects structural chromosomal damage; it
does not detect changes in chromosome number (aneu-
ploidy) induced by chemical exposure.

Sister Chromatid Exchange (SCE) Test

Sister chromatid exchanges are a measure of DNA
damage. Increased levels of DNA damage are associ-
ated with mutation induction and cancer. Sister chro-
matid exchange assays require examination of cells that
have entered their second mitotic division following the
initiation of chemical exposure, and assessment of the
number of chromatid exchanges that have occurred.

Cytogenetics of Germ and Somatic Cells

A large body of cytogenetic literature exists for the
Chinese hamster due to the small number of chromo-
somes present in this rodent species as well as a low
rate of spontaneous chromosomal anomalies. The
Chinese hamster has a small number of chromosomes
compared with humans and other vertebrates, which
has permitted in-depth analysis of banding patterns
and systematic analysis of mitosis, meiosis, spermato-
genesis, and oogenesis. Tables 35.8 and 359 summa-
rize select cytogenetic studies performed on germ and
somatic cells of the Chinese hamster.

Cell Lines Derived from Chinese Hamster
Tissues and Organs

Puck et al. (1958) obtained a female Chinese ham-
ster from Yerganian’s laboratory and used it to derive
the original Chinese hamster ovary (CHO) cell line. Cell
lines derived from Chinese hamster tissues and organs
have been utilized for in vitro experimentation in a
wide range of scientific disciplines including cytogenet-
ics, toxicology, immunology, and cell physiology. The
Chinese hamster ovary (CHO) and V-79 lung fibroblast
are two cell lines derived from the Chinese hamster
that have been used extensively in biomedical research
(Bradley et al., 1981).

The adaptive ability of CHO cells and their ease of
maintenance have been utilized in many basic bio-
medical research disciplines. G-coupled protein recep-
tors and their signaling pathways have been studied
by stable expression in CHO cells, and have contrib-
uted to advances in the fields of anesthesiology and
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TABLE 35.8 Cytogenetic Studies of Male and Female Germ
Cells in Chinese Hamsters*

Study Reference(s)

Chromosome activities during
meiosis of male germ cells

Jhanwar et al. (1981)

Chromosome activities during
meiosis of female germ cells

Mikamo and Sugawara (1980)

Chromosome anomalies of oocytes Mikamo and Kamiguchi (1983)

Murkherjee and Ghosal (1969);
Barcellona and Brinkley (1973)

Utakoji (1966); Pathak et al.
(1976); Vistorin et al. (1982)

Takanari et al. (1982)

Chromosome activities during
spermatogenesis

Chromosome banding patterns of
sperm

Cytochemistry and behavior of
dense bodies in sperm
Karyotyping of synaptonemal Dresser and Moses (1980)
complex in sperm

“From Diani and Gerritsen(1987); reprinted with permission of Elsevier.

TABLE 35.9 Cytogenetic Studies of Somatic Cells in the
Chinese Hamster?

Study Reference(s)
Banding pattern of Raicu (1970); Kakati and Sinha (1972);
chromosomes Ray and Mohandis (1976); Gamperl

et al. (1978)
Bregman (1972); Vig and Miltenburger
(1976); Jhanwar and Chaganti (1981)

Chromosome activities
during mitosis

Chromosome analysis of Kato (1968)

Rous sarcoma virus

Cytotaxonomy Yerganian (1972)

DNA replication Utakoji and Hsu (1965)

Effect of bromodeoxyuridine Lin et al. (1984)
on chromosomes

“From Diani and Gerritsen (1987); reprinted with permission of Elsevier.

pharmacology, and ultimately to patient therapy
(Figler et al., 2003; Hornigold et al., 2003; Schulte and
Fredholm, 2003). CHO cells serve as a tool for under-
standing cytoskeletal structure, adhesion, and motil-
ity, and have provided a better understanding of
cancer biology and treatment (Hari et al., 2003; Zeng
et al., 2003). CHO cells are relatively easy to synchro-
nize, which has facilitated their use in cell cycle studies
(Fiore et al., 2002). In addition, CHO cells are used for
studies to assess the effects of various agents on mam-
malian cells (Cai et al., 2001; Fernandez et al., 2003;
Soloneski et al., 2002). CHO cell mutants have been
utilized in DNA repair and radiation research studies
(Batista et al., 2006; Dunkern and Kaina, 2002).

Some early cell biology studies conducted in CHO
cells involved mutagenesis and isolation of certain
auxotrophs (Puck and Kao, 1967) that facilitate cell
growth and viability in cell culture. Cell mutants with
deficiencies in metabolic enzymes such as adenosine
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phosphoribosyl transferase (APRT) and dihydrofolate
reductase (DHFR) have been isolated and utilized as
research tools (Taylor et al., 1977; Urlaub and Chasin,
1980). In addition, mutants defective in transcription,
translation, and amino acid/polyamine biosynthesis
have been isolated. The isolation of cells deficient in
DHER enzyme has led to an effective means for selec-
tion of stable clones and amplification of genes (Puck,
1985). DHEFR is an enzyme that catalyzes the conversion
of folic acid to tetrahydrofolate (THF). THF is a carrier
for one-carbon molecules required in the biosynthesis
of glycine, purine, and thymidine. In the early 1980s,
Chasin et al. isolated two DHFR-deficient mutants
(DXB11 and DG44), that are common parent cell lines
used today (Graf and Chasin, 1982; Urlaub and Chasin,
1980; Urlaub et al., 1983). Both DHFR-deficient mutants
are derivatives of a proline-requiring auxotroph estab-
lished by Kao and Puck (1968).

35. THE CHINESE OR STRIPED-BACK HAMSTER

SUMMARY

The Chinese hamster has played an invaluable role
in biomedical research from rigorous in vivo scientific
investigations of its unique biological features to cell-
culture-based experimentation. With the advent of cell
culture techniques developed within the past 50 years,
Chinese hamster-derived cells have played a major role
in cytogenetic toxicity assays and the production of gly-
cosylated therapeutic proteins. Numerous recombinant
cell lines have been produced using Chinese hamster
cells transfected with genes derived from human or
other mammalian cells. Advances in cell culture tech-
niques have obviated the need for performing many in
vivo studies, and Chinese hamster cell culture research
has led to the prolific production of recombinant pro-
teins through bioengineering. During the past 20 years,
CHO cells have been utilized to produce numerous

TABLE 35.10 Selected List of Biologics Produced in Chinese Hamster Ovary (CHO) Cell Lines?

FDA
Product Type Therapeutic Use Manufacturer Approval
Vectibix Anti-EGFR mAb Metastatic colorectal cancer Amgen 2006
Myozyme a-Glucosidase Pompe disease Genzyme 2006
Aldurazyme Laronidase Mucopolysaccharidosis I Genzyme 2006
Orencia 1g-CTLA4 fusion Rheumatoid arthritis Bristol-Myers Squibb 2005
Naglazyme N-AGA-4-sulfatase Mucopolysaccharidosis VI Biomarin Pharm 2005
Luveris Luteinizing hormone Infertility Serono 2004
Avastin Anti-VEGF mADb Metastatic colorectal & lung cancer Genentech 2004
Advate Factor VIII Hemophilia A Baxter 2003
Xolair Anti-IgE mAb Moderate/severe asthma Genentech 2003
Raptiva Anti-CD11a mAb Chronic psoriasis Genentech 2003
Fabrazyme a-galactosidase Fabray disease Genzyme 2003
Rebif Interferon-3 Relapsing multiple sclerosis Serono 2002
Humira Anti-TNFa mAb Rheumatoid arthritis Abbott 2002
Aranesp Erythopoietin Anemia Amgen 2001
Campath Anti-CD52 mAb Chronic lymphocytic leukemia Genzyme, Bayer 2001
ReFacto Factor VIII Hemophilia A Wyeth 2000
Tenectaplase Tissue plasminogen activator Myocardial infarction Genentech 2000
Herceptin Anti-HER2 mAb Metastatic breast cancer Genentech 1998
Enbrel TNF a receptor fusion Rheumatoid arthritis Amgen, Wyeth 1998
Benefix Factor IX Hemophilia B Wyeth 1997
Follistim /Gonal-F Follicle stimulating hormone Infertility Serono/NV Organon 1997
Rituxan Anti-CD20 mAb Non-Hodgkin’s lymphoma Genentech, Biogen Idec 1997
Avonex Interferon-3 Relapsing multiple sclerosis Biogen Idec 1996
Cerezyme B-glucocerebrosidase Gaucher’s disease Genzyme 1994
Pulmozyme Deoxyribonuclease I Cystic fibrosis Genentech 1993
Epogen/Procrit Erythropoietin Anemia Amgen/Ortho 1989
Activase Tissue plasminogen activator Acute myocardial infarction Genentech 1987

“From Jayapal et al. (2007). Reprinted with permission from the American Institute of Chemical Engineers.
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recombinant therapeutic proteins to treat a wide array
of human diseases. A list is provided in Table 35.10 of
some select therapeutic proteins derived from Chinese
hamster cell cultures. Currently, greater than 50% of all
recombinant therapeutic proteins are derived from cells
of Chinese hamster origin, with annual world-wide
revenues exceeding 30 billion dollars (Jayapal et al.,
2007). The current focus on the use of Chinese hamster
cells in cell culture research exemplifies animal welfare
initiatives to refine, reduce, and replace the use of ani-
mals in research. The history of the Chinese hamster as
a laboratory animal is replete with studies clearly dem-
onstrating its value as a unique animal model in bio-
medical research.
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