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The effects of long-term Aloe vera ingestion on age-related diseases were investigated using male specific
pathogen-free (SPF) Fischer 344 rats. Experimental animals were divided into four groups: Group A,
the control rats fed a semi-synthetic diet without Aloe vera; Group B, rats fed a diet containing 1%
freeze-dried Aloe vera filet; Group C, rats fed a diet containing 1% charcoal-processed, freeze-dried Aloe
vera filet; and Group D, rats fed the control diet and given whole leaf charcoal-processed Aloe vera
(0.02%) in the drinking water. This study demonstrates that life-long Aloe vera ingestion produced
neither harmful effects nor deleterious changes. In addition, Aloe vera ingestion appeared to be asso-
ciated with some beneficial effects on age-related diseases. Groups B exhibited significantly less occur-
rence of multiple causes of death, and a slightly lower incidence of fatal chronic nephropathy compared
with Group A rats. Groups B and C rats showed the trend, slightly lower incidences of thrombosis in the
cardiac atrium than Group A rats. Therefore, these findings suggest that life-long Aloe vera ingestion
does not cause any obvious harmful and deleterious side effects, and could also be beneficial for the pre-
vention of age-related pathology. Copyright � 2002 John Wiley & Sons, Ltd.

Keywords: Aloe vera; age-related disease; aging; longevity; rat.

INTRODUCTION

Aloe vera has been used traditionally for many purposes,
from cosmetic products to medical treatments for a broad
range of illnesses. In fact, there are many references to
the effects of Aloe vera in both ancient literature and
modern medical reports (Hecht, 1981; Skousen, 1979).
The basis for using Aloe vera resides mainly in the belief
in its curative properties, a belief engendered by tradition
and anecdotal information.

Reports demonstrating the beneficial effects of Aloe
vera on a variety of pathological conditions are available.
These reports deal with radiation dermatitis (Loveman,
1937; Mandeville, 1939), chronic leg ulcers in humans
(Zawahry et al., 1973), acute radiodermatitis in albino
rabbits (Lushbaugh and Hale, 1953), antimicrobial action
(Fujita et al., 1978; Lorenzetti et al., 1964), anti-
leukaemic activity (Kupchan and Karim, 1976) and
peptic ulcers (Blitz et al., 1963). None of these studies,
however, examined the life-long effects of Aloe vera
ingestion. Likewise, no systematic or comprehensive
studies have tested the effect and safety of life-long Aloe
vera supplementation on pathophysiology. Hecht urged
that further scientific tests should be carried out before
Aloe vera could be declared safe and effective for its
intended uses (Hecht, 1981).

The purpose of the present study was to investigate the
effects of life-long Aloe vera ingestion on longevity and

age-related disease, and to verify the safety of its life-
long ingestion.

MATERIALS AND METHODS

Data base. These data were derived from a study
conducted at the University of Texas Health Science
Center at San Antonio from 1994 to 1997. Findings on
other biological parameters have been reported by
Herlihy et al. (1998a; b). Autopsy records and patholo-
gical specimens for the four groups designated A, B, C
and D were assessed independently by two pathologists
(Y.I. and G.B.H.).

Plant material and preparation for Aloe vera feeding.
Aloe vera was collected from the fields of Aloecorp
(Harlingen, TX, USA) and a voucher specimen was
deposited at Plant Resources Center Herbarium at the
University of Texas at Austin. All Aloe vera additions
used in this study were prepared under careful super-
vision. Aloe vera filets were obtained by manually
skinning the leaf with care taken to avoid contamination
of the gel from the outer layers. The filets were dried,
blended and immediately freeze-dried. The product was
then finely ground and stored at �20°C until used. For
the charcoal-processed preparation, the whole leaf was
subjected to routine procedures for commercial prepara-
tion. The procedure includes charcoal-filtration. The
filtrate was then freeze-dried and treated as above. Care
was taken to avoid the development of rancidity and
possible breakdown of the Aloe vera product. The frozen
aliquots of the freeze-dried products were shipped to San

PHYTOTHERAPY RESEARCH
Phytother. Res. 16, 712–718 (2002)
Published online in Wiley InterScience (www.interscience.wiley.com). DOI: 10.1002/ptr.1022

Copyright � 2002 John Wiley & Sons, Ltd.

* Correspondence to: Y. Ikeno, Department of Physiology, University of
Texas Health Science Center at San Antonio, 7703 Floyd Curl Drive, San
Antonio, TX 78229-3900, USA.
Contract/grant sponsor: Aloecorp, Harlingen, Tx, USA.

Received 28 February 2001
Accepted 30 May 2001



Antonio and to Purina Mills, Inc. (St Louis, MO) for
mixing with their chow. Chow for Groups A, B and C
were prepared every 2 months by Purina Mills and
shipped to San Antonio. The chow was stored at �20°C
until fed to the rats.

Rat maintenance and dietary procedures. Male
Fischer 344 rats used in this study were purchased as
weanlings (26–30 days of age) from Charles River
Laboratories (Kingston, NY). Upon arrival, the rats were
transferred immediately into a barrier facility where they
were individually housed in plastic cages with wire mesh
floors suspended on the Hazleton-Enviro Rack System
(Hazleton System, Inc., Aberdeen, MD) to maintain the
specific pathogen-free conditions. The basic operations
of the barrier facilities were those described previously
(Yu et al., 1985). A 12:12 h light/dark cycle was used. All
protocols utilized in the Animal Care are reviewed and
approved on an annual basis by an Institutional Animal
Care and Use Committee at UTHSC-SA. Animals were
housed and cared for in compliance with the NIH
Guidelines for the Care and Use of Laboratory Animals
[publication no. (NIH) 85–23 revised 1985]. Sentinel rats
were killed on receipt for monitoring of viral antibodies
(Sendai, Reo-3, GD-VII, PVM, KRU, H-I, SDA, LCM
and Adeno) in serum samples sent to Microbiological
Associates (Bethesda, MD). This monitoring was re-
peated every 6 months. All test results were negative.

Up to 6 weeks of age, all rats were fed ad libitum a
semisynthetic diet (Diet SR – vitamin fortified RP101
purified diet, Purina Mills, Inc., St Louis, MO). The
composition of this diet is shown in Table 1. At 6 weeks
of age, 60 rats were randomly assigned to each of four
groups: Group A was fed Diet SR without Aloe vera;
Group B was fed Diet SR containing 1% (per weight
basis) freeze-dried Aloe vera filet; Group C was fed Diet
SR containing 1% (per weight basis) charcoal-processed,
freeze-dried Aloe vera filet; and Group D was fed Diet SR
and given charcoal-processed freeze-dried, whole leaf
Aloe vera (0.02%; per weight basis) in the drinking water.
All groups were fed ad libitum throughout their life.

The food intake of each rat in every group was
measured as described previously by Yu et al. (1985) and
the daily intake was calculated. Chow dishes were filled
and weighed every 3 days. At the end of the 3 day period,
the dishes containing the unconsumed chow were re-
weighed and the food consumption of each rat was
calculated. For Group D, the drinking water was replaced
every 3 days with freshly acidified water to which
charcoal processed Aloe vera has been added. The usual
bedding material was replaced with antibiotic-treated

cage boards (Shepherd Specialty Papers, Kalamazoo, MI)
placed beneath the wire-mesh cage floor in order to
permit the easy detection of food spillage. The body
weight of each rat was measured at 2-week intervals.

Procedures to study spontaneously dying rats. All rats
were inspected at least twice daily (from 0700 to 0800
and from 1500 to 1600 h). The rats that died sponta-
neously were removed from the cage when they were
found, and either necropsied immediately or refrigerated
for a brief period (1–2 h) until necropsy could be
performed if it was not possible to perform it immedi-
ately. In some cases, autolysis was found in various
organs to varying extents and approximately 10 cases out
of a total 240 rats showed severe autolysis. However,
autolysis was not severe enough to compromise the
histopathological assessment, i.e. diagnosis and grading
of lesions.

After the rats were examined for gross pathological
lesions, the following organs and tissues were excised
and fixed in 10% neutral buffered formalin: brain,
pituitary gland, heart, lung, trachea, thymus, aorta,
oesophagus, stomach, small intestine, colon, liver,
pancreas, spleen, kidneys, urinary bladder, prostate,
testes, epididymis, seminal vesicles, thyroid gland,
adrenal gland, parathyroid glands, psoas muscle, ster-
num, head and lumbar vertebra. The brain, heart, lungs,
kidneys, testes, liver, spleen, pancreas and adrenal glands
were weighed before fixation. Tissue from organs in
which lesions were observed by gross inspection was
excised and fixed. All tissues were examined histologi-
cally as described by Iwasaki et al. (1988).

Grading of lesions. Chronic nephropathy was graded in
the order of increasing severity based on the grading
system described by Yu et al. (1982): Grade 0 (no
lesions), Grade 1, Grade 2, Grade 3, Grade 4 and Grade E
(end-stage kidney). Photomicrographs of each grade of
lesion have been published (Maeda et al., 1985). Elevated
levels of blood urea nitrogen and serum creatinine were
observed only in rats with Grade 4 or Grade E lesions
(Maeda et al., 1985).

Cardiomyopathy was also graded in order of increas-
ing severity: Grade 0 (no lesion), Grade 1, Grade 2 and
Grade 3. The criteria for the grading system and
photomicrographs of Grade 3 were shown by Maeda et
al. (1985).

Hepatic bile duct hyperplasia and hepatic fatty changes
were likewise graded in order of increasing severity:
Grade 0 (no lesion), Grade 1, Grade 2 and Grade 3. A
description of the grading system and a photomicrograph
of Grade 3 lesions were also presented previously (Maeda
et al., 1985).

The determination of the prevalence and severity of
leukaemia/lymphoma were based on criteria reported
previously (Shimokawa et al., 1993). The criteria was
further redefined by Y.I. and G.B.H. based on histo-
pathological findings of the involvement of leukaemic
cells as follows: Grade 1 (spleen only), Grade 2 (spleen
and one other organ), Grade 3 (3–4 organs) and Grade 4
(more than 5 organs or Grade 3 � additional pathology,
e.g. pleural effusion, ascites, brain haemorrhage, etc.).
Haemorrhage in the brain, hydrothorax and ascites were
common complications associated with advanced leu-
kaemia/lymphoma.

The prevalence and/or severity of pituitary tumours

Table 1. Composition of the diet

��������� ��	
�� ��

����� ��� �����	� 	������ �����
�������	��	�� ����
�� ��	� !��""�
#$%���� ������
���� �	� &����
�� '	���	� �	 �����
����	�� %����	(� �����
�	����� �	 )	�� ��($%�( ��(	$� �����
#��*� +�% �����

ALOE VERA AND AGE-RELATED DISEASE 713

Copyright � 2002 John Wiley & Sons, Ltd. Phytother. Res. 16, 712–718 (2002)



were determined by the criteria cited by Shimokawa et al.
(1993). It was further redefined by Y.I. and G.B.H. based
on the size of the tumour: hyperplasia (less than 1 mm in
diameter); adenoma (lesions larger than 1 mm in
diameter); Grade 1 (1–2 mm); Grade 2 (2–4 mm in
diameter); Grade 3 (4–5 mm in diameter) and Grade 4
(�5 mm and indentation on hypothalamus of brain).
Grades 3 and 4 were considered to play a role in the death
of the rat.

Probable cause of death. The probable cause of death in
each rat was determined by the severity of diseases found
by both necropsy and histopathological examination.
When several different diseases were present and severe
enough to terminate the animal, these diseases were cited
as the cause of death (multiple causes of death). When the
disease was not considered to be severe enough to
terminate the animal’s life, the probable cause of death
was categorized as ‘unknown’.

Statistical analysis. The total frequency of a lesion or
grade of lesion was analysed with a chi-square test
(Siegel, 1956). When the expected frequencies were too
small for the chi-square test, the data were analysed with
Fisher’s exact (Siegel, 1956). The possible association
between the cause of death and the survival time was
analysed using Cox’s proportional hazards model (Cox,
1972). All p values are adjusted for multiple compar-
isons, i.e. p value 0.05 was used for the most of the
analyses, however, an adjusted p value 0.008 was used
for pairwise comparison analysis to detect the signifi-
cance.

RESULTS

Longevity

The survival curves for the rats in Groups A, B, C and D
were not significantly different (data not shown). Table 2
summarizes the longevity characteristics of the groups.
Aloe vera ingestion had no effect on the median life span
or in the age of 10th percentile survivors compared with
the control group.

Food intake and body weight

The food intake and body weight of the rats in Groups A,
B, C and D were not different (Figs 1 and 2). The amount
of daily food intake, the body weight and growth pattern
were similar to the data in our previous study (Herlihy et
al., 1998a).

Pathology

The effects of Aloe vera ingestion on pathological lesions
and the severity of selected diseases observed at death are
shown in Tables 3–6. All 60 rats in each group were
necropsied. Although a large number of different tissues
and organs were examined as described in the Materials
and Methods, results are shown only for the major and
serious lesions which were considered to have a
significant effect on the life span.

Non-neoplastic lesions

Chronic nephropathy (Table 3). Aloe vera ingestion
showed some beneficial effects on the severity of chronic
nephropathy. The incidence of no lesions (Grade 0) or
minimal lesions (Grade 1) at the time of death was higher
in Group B than Groups A and C ( p = 0.025 and 0.007,
respectively). In Group B, 36.7% of rats had no lesions
(Grade 0) or minimal lesions (Grade 1) at the time of
death; however, only 18.3% of Group A rats had no or
minimal lesions. Severe (Grade 4) or very severe (Grade
E) chronic nephropathy was observed in 28.3% of Group
A rats at the time of spontaneous death, and in 16.7% of
Group B rats.

Cardiomyopathy (Table 4). Data on the severity of
cardiomyopathy are shown in Table 4. Although no
significant differences in the severity of this lesion were

Table 2. Effect of Aloe vera on longevity characteristics
(days; n = 60)
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observed among Groups A, B, C and D, Group B rats had
a tendency towards lower grades of lesions at the time of
spontaneous death compared with Group A rats. Of the
rats in Group A, 3.3% had no lesions (Grade 0), and
11.7% had severe lesions (Grade 3) at the time of

spontaneous death. However, in Group B, 13.3% and
6.7% of the rats showed no lesions and severe lesions,
respectively.

Others. Thrombus in the heart occurred more frequently
in Group A rats than in Groups B and C rats ( p = 0.095),
although this trend did not have statistical significance.

Group A rats had a higher prevalence of skeletal
muscle degeneration than Group B rats ( p = 0.05), the
occurrence of which is associated with mineralization of
the muscle.

No significant differences between the groups were
observed with regards to the prevalence and severity of
hepatic bile duct hyperplasia and hepatic fatty change.

Neoplastic disease

Leukaemia/lymphoma (Table 5). Leukaemia/lympho-
ma is a common neoplastic disease observed at the time
of spontaneous death. Neither the prevalence nor the
severity of leukaemia/lymphoma showed a statistical
significance among the groups.

Pituitary tumour. The incidence of fatal pituitary
tumours was slightly higher in Group B than Group A
rats ( p = 0.053), but the differences in the prevalence or
severity among the groups was not significant.

Others. Neoplastic lesions in the thyroid gland, adrenal
medulla, pancreatic islets, mammary gland, auditory
sebaceous gland, testes and mesothelioma were observed
in all groups. Aloe vera ingestion exerted no effects on
the prevalence of neoplasms of these organs. In contrast,
the severity of thyroid gland tumours (C-cell hyperplasia
and adenoma) was greater in Group A than in Group B

������ 	� 922�%�� �2 ���� ���� 	�
���	�� �� 5�(� )�	
�� ��(

��)��� .�(� )�	
�� 	� 
���� 	� ������( �� ��� ��(	����1 �
�
	� ������ 	� ������( �� ��� �5�%	���� 3�� ���5��� ���������
��� ���� '��$�� �� 6 �� ���� 	� ��%� 
��$�� 2�� ��� '��	�$�
(	����� 
��$��� ,��$� - ��� ���������� ��� %������ 
��$�
)���� %��) %����	��( �� ���� ����1 ,��$� . ��� ����������
��� ���� ���� 2�( 
��$� )���� %��) %����	��( � 2���7��
(�	�(���� ���� 4���1 ,��$� � ��� ���������� ������� ���� 2�(

��$� )���� %��) %����	��( � %���%�������%����(8 2���7��
(�	�( ���� ���� 4���1 ,��$� � ��� ���������� ��� ���� ����
2�( 
��$� )���� %��) %����	��( �� ���� ���� ��( 
	'��
)���� ���2 %���%�������%����( ���� ���� ������ 	� ���
(�	�*	�
 )����� -�� �2 ��� ���� ���� 	�
���	�� 
��$�� ���)�(
� �	�	��� 
��)�� ������� �� ��� %������ 
��$�� #���(��( �����
5��� )��� ��	���( 2�� �	���	%	��

Table 4. Severity of cardiomyopathy
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rats ( p = 0.05), although this difference was not sig-
nificantly different.

Probable cause of death

Data on the probable cause of death in all groups are
shown in Table 6. The rats in Group B had a significantly
lower incidence of multiple causes of death than Groups
A and C ( p = 0.006), i.e. there were more than two age-
related diseases severe enough to cause death. Further-
more, groups B and C showed a slightly higher incidence
of ‘unknown’ causes of death than the control group
( p = 0.034).

Chronic nephropathy is one of the major causes of
death in Fischer 344 rats, and is usually associated with
cardiomyopathy. The occurrence of fatal (severe) chronic
nephropathy showed a trend lower in Group B than
Group A rats ( p = 0.032). The incidence of fatal (severe)
cardiomyopathy was slightly higher in Group A, C and D
rats compared with those in Group B, but this difference
was not statistically significant. The incidence of
thrombus in the heart, which causes heart failure, showed
a slightly higher trend in Group A than in Groups B and C
( p = 0.095).

The incidence of total neoplastic diseases was not
significantly different among all groups. The incidence of
fatal pituitary tumours, and leukaemia were similar in all
groups.

DISCUSSION

Aloe vera has been used for over 2000 years as a
therapeutic agent for a broad range of medical conditions.
In ancient times, Aloe vera was believed to be effective in
treating stomach ailments, kidney and bladder problems,
skin diseases and constipation (Hecht, 1981; Natow,
1986; Skousen, 1979). Furthermore, South American and
Central American Indians used Aloe vera gel to increase
longevity (Natow, 1986). In the modern world, Aloe vera
is used to treat several health problems in the gastro-
intestinal tract, liver, genitourinary system, skin, respira-
tory system, etc (Hecht, 1981; Skousen, 1979; Spoerke
and Ekins, 1980). Many scientific approaches have been
used to establish the beneficial effects of Aloe vera (Blitz
et al., 1963; Lorenzetti et al., 1964; Lushbaugh and Hale,
1953; Loveman, 1937; Mandeville, 1939; Zawahry et al.,
1973). To date, however, no systematic study for life-
long ingestion of Aloe vera has been conducted, and the

effect and safety of such life-long use remain to be
determined.

This is the first systematic study to examine the safety
of life-long Aloe vera ingestion as well as the effects of
Aloe vera on longevity and age-related pathology in the
rat. We used 1% freeze-dried Aloe vera filet and 1%
charcoal-processed, freeze-dried Aloe vera filet, to
examine the effects of different Aloe vera components
on pathophysiology. The charcoal-filtered product was
used in these experiments because virtually all commer-
cially ingested Aloe vera is prepared in this manner. We
also used charcoal-processed freeze-dried, whole leaf
Aloe vera (0.02%) in the drinking water because in
humans most Aloe vera products are consumed in liquid
form. These concentrations were chosen to prevent
diarrhoea and restricted growth rate (Herlihy et al.,
1998a).

Aloe vera ingestion appears to exert some beneficial
effects on various age-related diseases without obvious
injurious effects in male Fischer 344 rats. The interesting
observation in this study is that 1% crude Aloe vera
significantly suppresses multiple causes of death. In
addition, the incidence of fatal chronic nephropathy and
thrombosis in the heart showed trends, a slightly lower
incidence in 1% crude Aloe vera fed group, and the
incidence of thrombosis in the heart also showed the
trend, a slightly lower incidence in 1% processed Aloe
vera ingestion group compared with the control group.

The occurrence of multiple causes of death was
significantly suppressed by 1% crude Aloe vera ingestion.
Both 1% crude and processed Aloe vera-fed groups
showed slightly higher incidences of ‘unknown’ causes
of death. The higher incidence of ‘unknown’ causes of

Table 5. Leukaemia/lymphoma
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death could be the reason that Aloe vera ingestion did not
have significant impact on longevity although it showed a
lower tendency to some age-related diseases. These
observations suggest that Aloe vera ingestion lightens the
disease burden of the rats, i.e. the Aloe vera-fed rats
maintained better health conditions than the control rats.
Only dietary restriction (DR) and exercise coupled with
mild (10%) DR, have been shown to suppress the
occurrence of multiple causes of death (Ikeno et al.,
1996). These aging interventions reduced the disease
burden of the animals and extended their life span
because disease burden by total lesions is a useful
measurement of aging (Bronson and Lipman, 1991). The
similarity of the pathological profile in this study to those
observed with DR and exercise could suggest that life-
long Aloe vera ingestion may be beneficial rather than
harmful.

Chronic nephropathy is one of the major age-associated
fatal diseases in Fischer 344 rats, and is usually associated
with cardiomyopathy. Only dietary restriction, protein
source (soy protein) and exercise have shown a suppres-
sive effect on this fatal disease (Ikeno et al., 1996; Iwasaki
et al., 1988; Shimokawa et al., 1993). Interestingly, only
1% crude Aloe vera showed a slight effectiveness on
chronic nephropathy in the three Aloe vera -fed groups.
This necessitates further studies to identify the active
compound and its underlying mechanism.

Metastatic calcification is frequently observed in ad
libitum fed Fischer 344 rats, a phenomenon considered
secondary to renal hyperparathyroid disease (Maeda et al.,
1985). Aloe vera (1% crude) ingestion showed the trend, a
lower incidence of mineralization in psoas muscle and
slightly decreased the severity of neoplastic lesions in the
thyroid gland (C-cell hyperplasia, adenoma). Serum
analyses also demonstrated that Aloe vera ingestion
suppressed age-related increases in serum parathyroid
hormone and calcitonin levels (Herlihy et al., 1998b).
These observations also suggest that Aloe vera may have
some beneficial effects on the progression of chronic
nephropathy. These findings could support the previous
suggestion that Aloe vera could be used to treat kidney
problems (Natow, 1986), although the pathogenesis of
renal diseases could be different in rodents and humans.

Thrombosis in the heart caused heart failure in Fischer
344 rats, although the pathogenesis is still unknown. Aloe
vera ingestion (1% crude and processed) showed the
trend, a slightly lower incidence of death due to atrial
thrombosis. These results could confirm suggestions by
previous reports (Afzal et al., 1991; McCauley et al.
1990), that Aloe vera may be useful in the prevention of
thrombus formation.

The results of the present study also showed that long-
term Aloe vera ingestion exerted no apparent harmful
effects, which demonstrates the safety of long-term Aloe
vera ingestion in the rat.

Among the three Aloe vera -fed groups, 1% crude Aloe
vera appeared to have some beneficial effects on age-
related diseases. The chemical composition of Aloe vera
depends on several factors, e.g. species, weather and the
time of year the plants are harvested (Natow, 1986).
However, Aloe vera contains at least four pharmacolo-
gical active compounds: a protease inhibitor (bradykini-
nase), magnesium lactate, a substance with anti-
prostaglandin activity and anthroquinone (Natow,
1986). Prostaglandin and thromboxane are well known
because of their role in kidney disease and platelet
aggregation which cause thrombus formation (Klahr and
Purkerson, 1989; Heggers and Robson, 1985; Pugliese et
al., 1985; Stork et al., 1986; Zoja et al., 1989).
Prostanoids are also involved in the pathophysiology of
several diseases for which Aloe vera is used therapeuti-
cally: burns, wounds, various allergic diseases, inflam-
mation, etc. (Hecht, 1981; Skousen, 1979). Therefore,
many of the beneficial effects of Aloe vera demonstrated
in this study, may depend upon an active compound
associated with antiprostaglandin activity.

Recently, Lee et al. (2000) demonstrated the antioxi-
dant property of Aloe vera extract. Furthermore, our
previous study demonstrated that Aloe vera ingestion
reduced oxidative stress (Herlihy et al., 1998b). Since
oxidative stress has been shown to play an important role
in age-related diseases (Ikeno et al., 1998; 1999), some of
the beneficial effects of Aloe vera on age-related diseases
could also be due to reduced levels of oxidative stress.

Several conclusion can be drawn from the present
study: (1) long-term Aloe vera ingestion lightens the
disease burden during the aging process; (2) Aloe vera
ingestion slightly suppresses the occurrence of fatal
chronic nephropathy, and thrombosis in the atrium of the
heart; and (3) no harmful effects or changes in
physiological parameters by life-long Aloe vera ingestion
were observed.
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