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Abstract
The present study assessed the ability of an extract of North American ginseng to prevent/inhibit the development of hepatoma in mice, pre-injected with a known liver tumor
inducer, dimethylnitrosamine (DEN). We hypothesized that a standardized, proprietary extract of this herb would inhibit the development of this tumor, given its success in abating
leukemia and extending life span in mice. CVT-E002 was given 4 hours after DEN injection
and administered daily via the diet until mice were 82 wk old. Control mice consumed identical chow without CVT-E002. At various intervals during the study, mice were euthanized
and their spleen, bone marrow, and blood were taken for enumeration of natural killer
(NK) cells, lymphocytes and “other” hemopoietic cells. There was a significant elevation in
the absolute numbers of lymphocytes (p<0.0001: spleen; p<0.0001: BM) in CVT-E002-fed,
DEN pre-injected mice vs control-diet mice. NK cells in the spleen and bone marrow (BM)
were also significantly elevated at p<0.005 and p< 0.001, respectively. The proportions of
blood-borne lymphocytes and NK cells reflected their increased absolute numbers in the
spleen and BM. Finally, whereas 100% of control-diet mice had developed hepatoma and
were euthanized by 82 wk, 100% of CVT-E002-fed mice remained alive, healthy and hepatoma-free at 82 wk, remaining healthy even after returning to control diet until euthanized
as healthy animals at 98 wk. CVT-E002-driven immunoenhancement is believed to be the
mechanism by which hepatoma was inhibited/prevented.
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Introduction
More that 5 decades ago, it was shown that dimethylnitrosamine (DEN) had the capacity to produce liver tumors
in rats. Subsequent research revealed that approximately
90% of nitrosamine compounds were carcinogenic. In the
1970’s, there was an increased frequency of liver cancer
found in Norwegian farm animals since they were fed on
herring meal, which was preserved with sodium nitrite.
The latter compound reacts with dimethylamine in fish
and the resulting compound is den. Nitrosamines are produced from nitrites and secondary amines. Indeed, the
biochemical mechanism responsible for Den-induced hepatocarcinogenesis has been identified [1 – 7].
Nitrosamine formation can occur under conditions of
strong acidity such as exists in the human stomach. Nitrosamines are found in many foodstuffs, especially alcoholic beverages, meats and cheeses which are preserved
with nitrite pickling salt. The USA and Canadian gov430

ernments now order limits on the amount of nitrites used
in the preservation of meat and other products in order to
decrease cancer risk among consumers. Moreover, nitrosamines are found in abundance in auto exhaust, and in
tobacco products as well as in the smoke these products
generate, thereby placing even non-smokers at risk to nitrosamine exposure. Thus, nitrosamines are virtually
ubiquitous in modern civilization and affect all age
groups. Nevertheless, there is evidence that immune system fortification may be at least one of the methods by
which hepatomas may be abated or prevented from developing [8 – 10].
Recently, we have experienced considerable successes in
abating neoplasms, of hematologic origin in vivo [11, 12],
by stimulating specific, anti-cancer cells of the immune
system, i.e., NK cells, by means of daily dietary administration of a proprietary extract (CVT-E002) of North
American ginseng (Panax quinquefolius). We hypothesized that this herbal derivative would also amelioBiomedical Research 2012 Volume 23 Issue 3
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rate/prevent DEN-induced hepatoma in a murine model
and secondly, would do so by means of immunostimulation. Our results proved to be very successful in
hepatoma prevention/inhibition and did indeed reveal
immuno-enhancement as the possible mechanism.

Materials and Methods
Mice
Male pups of the C3H/HeN strain were raised in-house at
the McGill University Animal Care Facility. Their mothers were purchased from Charles River Laboratories, St.
Constant, QC, Canada. All mice (mothers and pups) were
maintained under controlled environmental conditions of
temperature and humidity, in microisolator cages under
laminar flow conditions. All mice were placed on a 12 hr
light/dark cycle. Veterinary and technical services in the
facility ensured, moreover, that all edicts issued by the
CCAC (Canadian Council on Animal Care) were strictly
adhered to. All personnel involved in the handling of
mice in this study have passed the required training
courses in rodent husbandry. Sentinel mice in the facility,
regularly demonstrated the absence of all common mouse
pathogens.
Hepatoma induction
Male mice were injected, once only at 7 weeks of age
with DEN, i.e., N-diethylnitrosamine – (C2H3)2NNO,
having been purchased from Sigma Aldrich Inc. This
compound is carcinogenic to all animal species, targeting
the organs of the respiratory and gastrointestinal tract,
having a propensity for the liver (Sigma Aldrich, Inc., fact
sheet). DEN was administered at a dose of 25mg/kg body
weight or 0.025 mg/gm body weight. Mice of 7 weeks of
age have a body weight of 24-25 gm and consequently 0.6
mg DEN was injected in a vehicle of 0.9% physiological
saline, i.e., 0.036ml/mouse intraperitoneally. The mouse
strain used in this study, the gender, the age at the time of
DEN injection, and the dosage and frequency of den are
in agreement with existing literature for hepatoma induction [13-15].
The dietary additive
CVT-E002 is a proprietary extract of North American
ginseng (Panax quinquefolius), produced by Afexa Life
Sciences, Inc., Edmonton, AB, Canada. CVT-E002 consists of specific polysaccharides (poly-furanosylpyranosyl-saccharides). Standard chemical and biological
assays are applied in combination with consistent manufacturing processes to ensure that both the composition
and the pharmacological activity of each lot of CVT-E002
are identical [16, 17], and free of microbial contaminants.
The extract is already available to consumers, marketed as
a powerful anti-viral agent under the label Cold fX ® and
proven effective against respiratory viruses, i.e., colds and
flu. The extract is a strong immune stimulant in vivo and
in vitro, resulting in the augmented production of several
Biomedical Research 2012 Volume 23 Issue 3

lymphocyte-stimulating cytokines [17, 18]. It in is a very
effective stimulant specifically of NK cells, elevating
these numbers in vivo to significantly super-normal levels
[19, 11, 12].
A homogenized mixture of powdered standard mouse
chow (Labchow, Agribrands, Inc., Woodstock, ON, Canada) ± CVT-E002 was provided daily via the diet as 6 mg
of powdered chow ± CVT-E002 (80mg/6gm chow/day/mouse). Mice were housed 1/cage to avoid fighting
and thus maintain absolute consistency in behaviour
throughout the duration of this study, given that the steroid hormones produced during aggression, i.e., males
fighting males, are known to be immuno-suppressive and
would, thus, add a second confounding and nonquantifiable variable.
Mice received daily dietary CVT-E002 (80mg/24gm body
weight) within 4 hours of having been injected with den.
This dose has been previously defined in our lab as the
one which was maximally effective in NK cell/lymphocyte stimulation in adult mice [11, 12, 19]. Control DEN-injected mice, received untreated chow, but
were otherwise placed under identical conditions of housing and husbandry as were those receiving the dietary
additive. Any mice which showed clinical signs of hepatoma (palpable liver tumors) were euthanized, prior to
their becoming moribund, and their spleen, bone marrow,
and blood were extracted for cell identification and quantification of NK cells, lymphocytes and non-immune, hemopoietic cells.
Preparation of the organs for analysis of immune and
hemopoietic cell content
Single cell suspensions of the spleen and bone marrow
were prepared by our standard laboratory methods [2023]. Each spleen, upon removal from each mouse (CVTE002-consuming and control-diet) was pressed through a
stainless steel mesh into medium (GIBCO, Invitrogen
Corp, Burlington, ON, Canada) containing 10% heat inactivated newborn bovine serum (NBS) (GIBCO – as
above). Both femurs (bone marrow source) were aseptically removed and transferred to ice cold medium containing 10% heat inactivated NBS. The bone marrow was
expressed from both femurs/mouse by repeated flushing
with medium. Free cell suspensions from both organs
were obtained by gently repeated pipeting. Suspensions
were then layered for 7 min onto 1.5 ml pure NBS to allow the sedimentation of any non-cellular debris into the
NBS. The aggregate-free supernatants were then removed and centrifuged for 7 min (1100rpm 4ºc) and the
resulting pellet was re-suspended in a fixed volume of
fresh medium + NBS. The total number of nucleated
cells was obtained by means of a hemocytometer (American Optical Co., Buffalo,, NY, USA). Thus, the total
number of cells in each spleen and in both femurs, for
431

Durairaj/Miller
every mouse (CVT-E002-consuming and control-diet)
could be determined.

logically identical to NK cells, and exist in the same cell
size range, but never bear granules.

Subsequently, from each organ of every mouse, smears
were made from the cell suspensions, onto Superfrost
plus® microscope slides (Fisher Scientific, Whitby, ON,
Canada). Immediately prior to euthanasia in each mouse,
blood was extracted from the lateral tail vein and smears
were directly prepared from the extracted blood. All
smears (spleen, bone marrow, blood) were then stained
for morphological identification of NK cells and lymphocytes, using Macneal’s tetrachrome hematologic stain
(Sigma-Aldrich, Oakville, ON, Canada). This stain provides a 4-color discrimination of the key cellular components (DNA, RNA, protein), as well as providing a clear
distinction of cells size, shape and anatomical components, i.e., cytoplasmic granules, Golgi zone, stage of mitosis, etc. Each smear was then “read” for its proportions
of lymphocytes, NK cells and a third category, “others”
which included all the remaining non-NK, nonlymphocytic, hemopoietic cells.

Using this method of NK cell identification, we have accurately monitored the influence of CVT-E002 on NK
cells [28].

From 500 total blood cells/smear, 1000 total spleen
cells/smear and 2000 total bone marrow cells/smear, the
proportions (%) of cells in each of these categories were
obtained in every smear from all 3 organs of every mouse.
NK cells were identified by virtue of their being small to
medium sized cells (7-9 microns in nuclear diameter and
of lymphocytic morphology, but bearing 2-5 stained cytoplasmic granules [24-26], clearly visible at x100 in the
light microscope. In fact, the presence of cytoplasmic
granules was one of the first methods of identifying NK
cells [27]. Other lymphocytes, i.e., T and B, are morpho-

Finally, the absolute numbers of cells in each of these
categories of cells were obtained for the spleen and bone
marrow (both femurs together) for each mouse, by converting the percentage values in each case, via the known
total cell content of each organ, the latter having been
recorded from the hemocytometer at the time of organ
extraction at euthanasia. In the case of the blood analysis
for every mouse, the percentage values of these 3 categories of cells (lymphocytes, NK cells, others), were recorded as relative (%) values only.

Results
Fig 1, 2 show the results of CVT-E002 on the absolute
numbers of lymphocytes, NK cells and other hemopoietic
cells in 3 organs of DEN-injected mice, consuming either
control chow or CVT-E002-containing chow. Mice in the
control-diet group began to develop tumors and were euthanized between 52 and 66 wk of age, having been injected with the hepatoma inducer, DEN, at 7 wk of age.
All control-diet, DEN-injected mice had palpable hepatoma at the time of euthanasia and these mice provided
the control-diet data.

Figure 1 shows the significant stimulatory influences of CVT-E002 on the absolute numbers of lymphocytes,
NK cells and “other” cells in the spleen. Control diet: Mean ± s.e.: n = 8, all euthanized with palpable hepatoma between 52 – 66 wk of age; CVT-E002- containing diet: Mean ± s.e.: n = 6 , all of which were hepatoma-free and sampled at 82 wk of age.
432
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Figure 2 shows the effect of CVT-E002 on the absolute numbers of lymphocytes, NK cells and “other”
cells in the bone marrow. Control diet: Mean ± s.e: n = 8, all euthanized with palpable hepatoma between 52 – 66 wk of age; CVT-E002-containing diet: Mean ± s.e.: n = 6, all of which were hepatomafree and sampled at 82 wk of age.
Fig. 1 indicates that the absolute number of lymphocytes
in the spleens of mice in the control group (consuming
untreated chow) were significantly lower than that of their
cage-mates consuming daily dietary CVT-E002. The absolute number of NK cells in the control group was also
significantly lower than that of mice consuming CVTE002.
The remaining, grouped hemopoietic cells were, by contrast, significantly higher in control-diet mice relative to
those of CVT-E002-consuming mice.
In the bone marrow of DEN-injected mice (fig. 2), again a
significant disparity was found between mice on the control diet and those on the CVT-E002- containing diet. The
absolute numbers of lymphocytes, NK cells, and grouped
hemopoietic cells were all significantly lower in controldiet mice vs those in CVT-E002-consuming mice. Given
that the bone marrow is the central generating site for all
the above cells (NK cells, B lymphocytes, pro-T lymphocytes and the “other” hemopoietic cells), the increased
absolute numbers of cells in the 3 main cell categories
enumerated in this organ, necessary means increased production in the precursor cells of these lineages in the presence of CVT-E002.
In the blood of CVT-E002-consuming mice (fig. 3), the
relative numbers (%) all 3 cell categories were influenced
by the dietary presence of the extract. The proportions
(%) of lymphocytes and NK cells were significantly in
Biomedical Research 2012 Volume 23 Issue 3

creased in the blood of all CVT-E002-fed mice vs controldiet mice. However, the remaining hemopoietic cells
(grouped as “others”), reflected our observations in the
spleen, i.e., the proportion (%) of “others” in CVT-E002fed mice was lower than that of control-diet mice. The
spleen, being on the blood circulation pathway, mirrors
the content of the blood. Indeed, that is what is found
when comparing the relative levels of all 3 of these cell
categories in the blood with their absolute numbers in the
spleen (fig. 1).
Because the blood is a conveyor organ, not only of newly
generated, immune cells and assorted hemopoietic cells
produced in the bone marrow, but also of mature, preexisting, circulating and re-circulating immune and hemopoietic cells produced elsewhere in the body (lymph
nodes, gut-associated and lung-associated tissues and
subcutaneous sites), it is difficult to assign a specific reason for the levels observed in the blood for any of the 3
cell categories presented in fig. 3.
Fig. 4 indicates the progressive changes in body weights
throughout the study beginning 1 wk after DEN injection
+/- the daily dietary additive, CVT-E002. No control
comparisons could be made beyond 82 wk of age since
control-diet mice had either been already euthanized for
cell analysis (fig. 1 - 3), or were left with no further manipulation to assess life span (n = 4). However, between
66 - 82 wk of age, these 4 remaining mice developed palpable hepatoma and were progressively euthanized - the
last one euthanized was at 82 wk of age.
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Figure 3 indicates the relative number (%) of lymphocytes, NK cells and “other” cells in the blood of mice consuming
control-diet (n = 8) or CVT-E002-containing diet (n = 6). Control-diet mice were sampled between 52 – 66 wk of age,
all having palpable hepatoma, while mice consuming the CVT-E002-containing diet were sampled at 82 wk of age, at
which time all remained tumor-free. Mean ± s.e.: as in figures 1, 2.

Figure 4 shows the effect of CVT-E002 on the body weight of DEN-injected mice consuming control-diet, or the CVTE002-containing diet. By 35 weeks of age, mice in the CVT-E002-fed group showed significant weight gain which remained constant and elevated for the remainder of the weight-recording segment of the study, i.e., 82 wk. Those in the
control-diet group gained weight until 35 wk, but progressively lost weight as hepatomas developed. Control diet: Mean
± s.e: n = 12. Mice were divided as follows: n = 8 provided the weekly weight data up to 66 wk of age. These 8 mice, at
euthanasia, then provided the data for figures 1, 2, 3. The remaining mice (n = 4) were left unmanipulated from 66 – 82
wk, and provided only body weight data (above). All 4 developed hepatoma during this period and were euthanized, the
last at 82 wk of age. CVT-E002-containing diet: Mean ± s e.: n = 10. All were clinically healthy and hepatoma-free; n =
6 were euthanized at 82 wk of age to provide the data for figures 1, 2, 3. The remaining mice (n = 4) were transferred to
control-diet until euthanized at age 98 wk as healthy, hepatoma-free mice, in the interest of completing this study.
Fig. 4 reveals that soon after beginning to consume daily
gressively increased to statistically significant levels relaCVT-E002, the body weights of DEN-injected, mice protive to their age-matched cage-mates, and remained ele434
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vated until 82 wk at which time all body weight measurements were concluded. The maximum increase in body
weight occurred at 35 wk of age in both control-diet and
CVT-E002-fed mice. However, unlike the progressive
decline in body weight beginning at 43 wk of age in control-diet mice, the body weights of mice consuming daily
CVT-E002 maintained a steady, elevated level from their
maximum at 35 wk.
Finally, as an observation on actual life span extension
mediated by consuming CVT-E002, we found that in
striking contrast to the 100% development of hepatoma
and ultimate euthanasia of all the control-diet mice by 82
wk (see above), a separate group of mice (n = 4), consuming daily CVT-E002 continued to live on, reaching 88 wk
of age, still showing clinical health, normal range body
weight, and no palpable tumor. At 88 wk of age, these 4
mice were removed from the CVT-E002 diet and placed
on the control diet for the next 10 wk. These mice still
continued to show no signs of palpable tumor and remained in clinical good health up to 98 wk of age, i.e., 2
½ mo after removing dietary CVT-E002. At that time
these 4 mice were purposely euthanized in the interest of
completing this study.

Discussion
The concepts of “tumor prevention” and “tumor inhibition” are terms which, at the very earliest stages of neoplasm development, are virtually synonymous since there
is no clinical appearance of tumor. The role of a healthy,
strong NK cell-mediated arm of the immune system is to
act as the “first line of defense”, targeting and contact
killing (cytolytis) the earliest neoplastic cells, and consequently, preventing any clinical signs that a neoplasia had
ever existed.
Our results in the present study, parallel our previous
findings in mice bearing another type of neoplasm, i.e.,
leukemia, and receiving daily, dietary CVT-E002 [11,
12]. The similarities between these recent studies and our
present study attest to the wide-ranging ability of this
agent, CVT-E002, to significantly enhance tumortargeting NK cells. Indeed, it was with the intention of
expanding our previous observations that we undertook
the present study wherein we: (i) chemically induced a
tumor of (ii) non-hemopoietic origin vs our recent work
wherein we injected live tumor cells of hemopoietic origin, i.e., leukemia cells (11, 12). The similarity of our
collective observations, then and now, supports the usefulness of CVT-E002 in prevention/inhibition of assorted
tumors apparently by means of immuno-stimulation. Our
present observations that CVT-E002 has produced such a
profound increase in all the cells mediating immunity,
parallels and supports earlier studies in vitro [17, 18].
Biomedical Research 2012 Volume 23 Issue 3

The small group of mice which continued to consume
daily, dietary CVT-E002 beyond 82 wk (oldest age used
for generating the data of figs. 1, 2, 3) did indeed continue
to live hepatoma-free for the next 6 wk at which time
(age: 88 wk) they were converted to the control diet. This
was done for the purpose of determining whether or not
they would remain hepatoma-free or progressively begin
to develop hepatoma in the absence of CVT-E002 in their
diet. By 98 wk of age, i.e., 2 ½ months later, however,
these mice remained tumor-free indicating that this extract had a residual influence on immune cells, specifically NK cells. Indeed, we have already demonstrated this
phenomenon, i.e., long-lasting influence of CVT-E002 in
sustaining elevated absolute numbers of NK cells many
months after withdrawal of the extract, in both normal,
pre-pubertal and normal, adult mice [19, 28]. The mechanism for this phenomenon is believed to reside in the
bone marrow stromal cell microenvironment, well established as the governing influence over the generation of
new NK cells [20, 29, 30, 31]. Bone marrow stromal cells
are themselves under regulatory influence and are stimulated by the cytokines Il-1, Il-6 and TNF-α and these are
the same cytokines whose levels are elevated in the presence of CVT-E002 [17, 18]. Consequently, it is reasonable to assume that the mechanism by which CVT-E002
results in NK cell elevation is an indirect one, acting by
stimulating the NK cell-governing, microenvironmental
stromal cell network, predominantly located in the bone
marrow.
The unexpected result of progressive and sustained increase in body weight in CVT-E002-consuming, DENinjected mice, all of which had no hepatoma, suggests the
possibility of CVT-E002 interaction with lipid physiology. CVT-E002-fed mice had increased their body weight
by one-third up to 43 wk. The early increase in body
weight in both groups simply results from body growth
during their youth since both groups were only juveniles
(7 wk old) when the study began. The progressive decline
after 43 wk in body weight observed in the control-diet
group could readily be explained by the developing hepatoma, because weight loss is a characteristic symptom of
developing tumors in mammals including humans.
There is a theoretical, but improbable, mechanism for the
early onset and rapid weight gain experienced by the
CVT-E002 consuming mice. For instance, it is known
that estrogen is related to lipid deposition in vivo, and like
many herbs, Panax quinquefolius which contains CVTE002, has phytoestrogenic properties [32, 33]. However,
CVT-E002 itself is a standardized extract containing only
specific
polysaccharides
(poly-furanosyl-pyranosylsaccharides), and these molecules have no known estrogenic properties.
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The answer to this peculiar but consistent observation of
sustained body weight increase in these healthy, CVTE002-consuming mice may ultimately be revealed by biochemical and physiological studies. Once the mechanism
of action of CVT-E002 is defined, CVT-E002 could
prove to be of clinical significance for individuals suffering from cachexia which is so often observed during
chemotherapy for tumors including hepatoma.
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