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Abstract. The relevance of this study is conditioned by the lack of detailed information on
the structure and topography of the digestive organs of the Yemeni chameleon (Chamaeleo
calyptratus). The purpose of this study was to find out the specific features of changes in body
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weight, topography, and structure of the digestive organs of the Yemeni chameleon, to determine
their morphometric parameters in animals from 1 day to 1 year of age. The research material
included the tongue, oesophagus, stomach, intestines, liver, and pancreas of chameleons of
different sexes of 9 age groups. The data obtained were processed by one-factor analysis of
variance (ANOVA). According to the topography, macroscopic structure and surface of the mucous
membrane, there are three intestines in the small intestine: duodenum, jejunum, and ileum, and
two intestines in the large intestine: the colon with a diverticulum and the rectum, which passes
into the cloaca. A feature of the serous membrane of the chameleon intestine is that it is coloured
black by melanin. From 1 day to 1 year of age, the body weight of chameleons increased 185.9
times, the snout-vent length (SVL) increased 6.7 times, the length of the digestive tract increased
3.8 times, and the ratio of the length of the digestive tract to SVL decreased from 3.2 to 1.8 times.
The most intensive increase in body weight and SVL occurred during the second and third months
of life. The relative length of the small intestine in chameleons of different age groups was 65.1-
81.6%, with the longest part being the jejunum. The increase in the morphometric parameters of
the stomach, intestines, liver, and pancreas was asynchronous. The most pronounced changes in
their relative weight were determined in animals of 2-3 months of age. The obtained materials
supplement and clarify the information on the topography and structure of the digestive organs
of the Yemeni chameleon, and therefore they will be useful in X-ray and ultrasound examination
during veterinary manipulations
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Introduction

According to E.E.V. Crouch et al. (2021), various
species of small reptiles are commonly traded
and kept in home terrariums. As pointed out
by G.S. Tang et al. (2020), captivity is an im-
portant measure for the conservation of en-
dangered species and is a hot topic in conser-
vation biology. At the same time, unbalanced
nutrition, caging, lighting, substrate, temper-
ature, and humidity can lead to stress and the
development of various diseases. H.]. Sollom &
H.R. Baron (2023) found that nutritional disor-
ders in captive reptiles are still quite common
despite improved knowledge of their breeding
and feeding practices. As L.V. La’Toya (2023)
points out, due to the specific features of com-
pensatory mechanisms, reptiles do not imme-
diately manifest the disease and owners seek
veterinary care only when the problem is ad-
vanced and close to terminal.
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According to B.]. Pinto et al. (2019), the
reptile family Chameleonidae comprises over
200 species, which originate mainly from Africa
and slightly extend into South Asia and Europe.
They are distinguished by their zygodactyl
paws, long retractable throwing tongue, which
has no analogues in other vertebrates, rotating
eye turrets that move independently of each
other, a clinging tail, and a striking appearance,
primarily due to psychedelic skin colour chang-
es. M. Kubiak et al. (2020) noted that despite the
popularity of chameleons as pets, these species
are difficult to keep in captivity. According to
A. Melero et al. (2023), Yemeni (veiled) cha-
meleons (Chamaeleo calyptratus) and panther
chameleons (Furcifer pardalis) are the most
popular chameleons in the world, and therefore
the two most commonly encountered species in
veterinary practice. Furthermore, as found by
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B.]J.Pinto et al. (2019), Yemeni chameleons have
attracted the attention of researchers as an im-
portant biological model for studying the role of
functional morphology and evolutionary biolo-
gy in the adaptation to arboreal life. However,
according to K.A. Mathes et al. (2019), A. Mele-
ro et al. (2020), there are currently no published
studies of the normal anatomy of these lizards.

According to Ardente et al. (2023), involv-
ing a veterinarian early in the life of exotic
companion animals can help ensure that they
are properly fed from the start of their lives to
support growth and create a solid foundation
for a healthy transition to adulthood. There is
limited or no research on the energy and nu-
trient requirements of exotic domestic animals
of different ages, especially young animals. Ac-
cording to M.V. Skrypka et al. (2020), the mor-
phological features of the gastrointestinal tract
in reptiles have been investigated only partially
and require further research. There is a need
to expand the basic knowledge of the spe-
cies, to conduct a thorough anatomical study
of its digestive organs for further physiologi-
cal, pathological, and phylogenetic research.
K.A. Mathes et al. (2019), O.1. Tul (2021) point-
ed out that for the correct diagnosis and in-
terpretation of diagnostic images of X-ray and
ultrasound examination results, veterinary spe-
cialists need in-depth knowledge of the special
anatomy of a particular animal species. Fur-
thermore, according to E. Engelke et al. (2020),
during clinical trials, the nomenclature of or-
gans is a problem in the diagnosis of reptile
diseases, which is not the only one, which can
lead to misunderstandings about the affected
parts of the digestive system. Therefore, it is an
urgent task to develop a unified nomenclature
of the internal organs of the Yemeni chameleon
for practicing veterinarians, based on anatomi-
cal research methods.

The purpose of this study was to determine
the specific features of topography, macro-

scopic structure of digestive organs and their
age-related linear and mass parameters of the
Yemeni chameleon (Chamaeleo calyptratus).

Materials and Methods

The study was conducted in 2022-2024 at the
Department of Normal and Pathological Mor-
phology of the State Biotechnological Uni-
versity (Kharkiv, Ukraine). Material for mor-
phological studies was collected from Yemeni
chameleons of 9 age groups: 1-, 7-, 14-day-old,
1-, 2-, 3-, 6-, 8-month-old, and 1-year-old cha-
meleons (n=5) of different sexes. All experi-
mental studies were conducted following the
European Convention for the Protection of
Vertebrate Animals Used for Experimental and
Scientific Purposes (1986). Animals for the re-
search were obtained from private reptile nurs-
eries and veterinary clinics. Some chameleons
were euthanised for clinical reasons unrelat-
ed to digestive diseases. Some cadavers were
obtained from a private reptile nursery locat-
ed in the combat zone in the east of Ukraine,
where the electricity supply was suddenly cut
off, creating impossible conditions for keeping
animals. Such animals died as a result of hypo-
thermia or were slaughtered forcibly. The bod-
ies of such animals or their organs were fixed in
a 10% solution of neutral formalin.

The animals were kept in a separate room
with comfortable conditions for reptiles. Adult
animals were kept individually in terrariums
with ventilation holes. The bottom of the ter-
rarium was covered with paper, which was
changed every week, allowing the chameleons
to move around. The terrariums were equipped
with bamboo branches for the animals to climb.
The air temperature in the cold zone of the ter-
rarium was maintained at 21-27°C, and in the
warm zone - at 32-38°C. Along with heating
and lighting provided by daylight and fluores-
cent lamps, the animals received ultraviolet
radiation via UV lamps. The relative humidity
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was 40-70%. Reptiles of 1 day to 1 year of age
were fed with Jamaican field crickets (Gryllus lo-
corojo) of different sizes, which were pretreated
with calcium powder. The water was supplied
continuously by drip and was fresh. The physio-
logical condition of the animals was monitored
during the keeping. Attention was paid to the
behaviour, skin condition, including changes in
its colour, mouth, eyes, muscle tone, limbs, clo-
aca, shape, and consistency of faeces.

The animals were necropsied through the
abdominal wall with an incision in the medi-
an plane from the intermaxillary space to the
cloacal slit to open the viscera. During the se-
lection of internal organs, their topography,
shape, size, and colour were determined. The
absolute body weight of animals and organs
was determined using the VLKT-500 balance
and the Techniprot Waga Torsyjna-WT 250
torsion balance. The linear parameters of the
organs were determined using a ruler, measur-
ing tape, and callipers. The snout-vent length
(SVL) of the animals’ bodies was determined
separately, as well as the length of the entire
body from the top of the nose to the tip of the
tail. The length of the digestive tract was deter-
mined as the length of the mouth, oesophagus,
stomach, intestines, and cloaca. To describe the
surface of the mucous membrane of the diges-
tive tract, it was opened on the antimesenteric
side. Subsequently, the preparations obtained
in this way were photographed for documenta-
tion purposes.

The digital data were processed by one-fac-
tor analysis of variance (ANOVA). The data were
analysed using the statistical analysis software
Biostat LE 7.3 (AnalystSoft Inc., 2020). The dif-
ference between the values of indicators for
each organ in different age groups of chame-
leons was determined according to the Tukey
test, where the difference at P < 0.05 (includ-
ing the Bonferroni correction) was considered
significant. Numerical data in the tables are
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presented as x * SD (x * standard deviation).
Changes in body weight and length, as well as
digestive system parameters of chameleons
were assessed in comparison with the previous
age. Considering the different lengths of differ-
ent chameleon intestines in different age peri-
ods, the mean age index (MAI) was determined
for their evaluation. The SVP of each intestine
was determined as the arithmetic mean of 9
age-specific relative lengths of each intestine.

Results and Discussion

In the diagram of the structure of the digestive
tract of the Yemeni chameleon (Chamaeleo ca-
lyptratus), the oropharynx, oesophagus, stom-
ach, small and large intestine, ending in the
cloaca, were identified. Thus, the digestive
apparatus is comparable to that of higher ver-
tebrates and other lizards, which is consistent
with the relevant data of N. Hamdi et al. (2014),
E. Engelke et al. (2020).

Three parts of the Yemeni chameleon’s
tongue were identified: proximal, middle, and
distal. The proximal and middle parts of the
chameleon’s tongue occupy almost the entire
oral cavity. The proximal part of the tongue
is cylindrical, its dorsal surface is represent-
ed by the tongue cushion. The anterior free
end of the tongue is slightly bifurcated in the
horizontal plane, which creates a lingual fos-
sa with a more forward projecting lower part.
The middle part of the tongue has an elongated
tube-like folded structure. Generally, the data
obtained are consistent with the information
of Y.A. Fouda et al. (2015), S. Frei et al. (2020)
regarding the structure of the Yemeni chame-
leon’s tongue. According to S. Frei et al. (2020),
in the tongue of three species of chameleons —
Chamaeleo chamaeleon, Chamaeleo africanus,
and Chamaeleon vulgaris — three parts are dis-
tinguished: proximal, middle, and distal, which
have some species-specific structural features.
According to P.C. Wainwright et al. (1991), the
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distal part is located among the soft tissues in
the intermaxillary space.

The thoracic abdominal cavity of Yemeni
chameleons is limited by the skeletal frame
formed by the vertebral column and sternum,

as well as the ribs connecting them. The spinal
column consists of thoracic, lumbar, and sacral

vertebrae. The ribs have two segments: bony
vertebral-costal and cartilaginous sternocos-
tal (Fig. 1).

Figure 1. Organs of the thoracic-abdominal cavity
and its wall of a 1-year-old Yemeni chameleon (Chamaeleo calyptratus)
Notes: Left side. 1 — heart; 2 — lungs; 3 — liver; 3a — gallbladder; 4 — stomach; 5 — pancreas; 6 — duodenum; 7 —
jejunum; 8 — ileum; 9 — colon; 10 — colonic diverticulum; 11 - rectum; 12 — testis; 13 — adipose body; 14 - vertebral-

costal segments of ribs; 15 - sternocostal segments of ribs

Sourse: developed by the author of this study

Some ribs present a third cartilaginous
segment located between the vertebral-costal
and sternocostal segments. The distal carti-
laginous segments of several parasternal ribs
merge along the midline of the abdomen and
form the parasternum caudal to the sternum.
Caudoventrally, it is generally delimited by a
soft abdominal wall. The oesophagus enters
cranially through the inlet (apertura thora-
cis cranialis), and the cloaca enters caudally
through the outlet (apertura pelvis caudalis).

The oesophagus, a thin, short tube, is lo-
cated along the axis of the body and shifts to
theleftbeforeenteringthestomach.Therewas
no clear boundary between the oesophagus

and the empty stomach. When the stomach
was filled with food, it was clearly distin-
guished by a much larger diameter than the
oesophagus (Fig. 2). When empty, the stom-
ach is cylindrical. The body of the stomach is
located mainly in the right part of the tho-
racic cavity, dorsal to the liver and caudal
vena cava, and its pyloric section is located
on the left side. The pyloric part of the stom-
ach passes without a sharp border into the
small intestine, which has a much smaller
diameter and is located mainly in the cau-
dal part of the thoracic cavity. Ventral to the
stomach is the spleen, which is spherical and
cherry-red in colour.
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Figure 2. Digestive organs of an 8-month-old Yemeni chameleon (Chamaeleo calyptratus)
Notes: 1 - tongue; 2 — oesophagus; 3 — stomach; 4 — duodenum; 5 — jejunum; 6 — ileum; 7 — colon; 8 — colonic
diverticulum; 9 - rectum; 10 - cloaca; 11 - pancreas; 12 - liver; 13 — gallbladder; 14 - spleen

Sourse: developed by the author of this study

The liver of the Yemeni chameleon is locat-
ed in the cranioventral part of the thoracic cav-
ity, where it borders ventrally on its wall. It bor-
ders cranially on the apex of the heart, dorsally
on the lungs, and caudally on the intestines and
fatty bodies. The gallbladder is located between
the lobes of the liver, has an ovoid shape, and
when filled, it protrudes caudally beyond the
lobes and borders the intestines and fatty bod-
ies. The liver in the segmental plane is trian-
gular, brownish-grey, and consists of two lobes:
the right lobe, to which the gallbladder with
green bile is attached, and the left lobe. The size
of the right lobe of the liver has a pronounced
individual variation: it is slightly or significant-
ly larger than the left lobe, which is consistent
with the data of A.A. Al-Doaiss et al. (2023) and
A. Melero et al. (2023) and contradicts the data
of O.I. Tul (2021), according to which the left
lobe of the liver is the largest in the Yemeni
chameleon. In some animals after 6 months of
age, the gallbladder contents are represented
by a transparent dense oval-shaped green body,
which is consistent with findings of A. Gim-
mel et al. (2017) on the detection of cholelith
in the gallbladder of reptiles. The right lobe of
the liver has two caudal processes: one larger
in the caudal corner of the dorsal margin, the
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other smaller in the middle of the dorsal mar-
gin; the left lobe has one process in the middle
of the dorsal margin. A.A. Al-Doaiss et al. (2023)
reported melanin deposits in the liver of a Yem-
eni chameleon. According to the findings of this
study, no melanin pigmentation of the chame-
leon liver surface was detected.

According to S. Mans (2013), the gastroin-
testinal tract is the most diverse of all reptile
body systems, which poses a particular chal-
lenge for veterinarians when trying to provide
nutritional advice, interpret diagnostic tests,
and develop treatment regimens. According to
N.D. Youngblut et al. (2019), reptiles have a less
differentiated gastrointestinal anatomy com-
pared to mammals. O. Cakici & E. Akat (2013)
in the snake-eyed lizard (Ophisops elegans), the
intestine was divided only into small and large
intestines, without division into separate in-
testines. In the Egyptian mastigure (Uromastyx
aegyptiaca), M. Zaher et al. (2012) also did not
divide the small intestine into separate intes-
tines. R. Diaz-Figueroa & M.A. Mitchell (2006)
distinguished the small and large intestine,
as well as the colon, in the reptilian intestine.
According to N. Srichairat et al. (2018), the in-
testine of the Asian water monitor (Varanus
salvator) lacks the jejunum and caecum, and
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according to M.V. Skrypka et al. (2020), the sand
lizard (Lacerta agilis) lacks the caecum. H.S. Lee
& S. Ku (2004) identified the duodenum, small
intestine, and colon in the intestine of the
mountain grass lizard (Takydromus wolteri).
There is limited information on the structure of
the Yemeni chameleon’s intestines. According
to R. Nesas (2004), the intestinal tract of the
Yemeni chameleon is short and poorly differen-
tiated. According to N. Hamdi et al. (2014), the
small intestine of the African chameleon (Cha-
maeleo africanus) is not divided into duodenum
and ileum, and the large intestine can be divid-
ed into colon and rectum.

When dividing the small and large in-
testines of the Yemeni chameleon into sepa-
rate intestines, this study was guided by the

detailed description of the digestive organs of
the central bearded dragon (Pogona vitticeps),
which belongs to the family Agamidae, provid-
ed by E. Engelke et al. (2020). These data were
obtained based on a study of the macroscopic
structure of the intestine, the relief of the mu-
cous membrane, and its blood supply. The small
intestine is located in the caudoventral part of
the thoracic cavity, cranially bordering the liver
and lungs, caudodorsally - the kidneys. Three
intestines were identified in the small intestine
of the Yemeni chameleon: duodenum, jejunum,
and ileum. The duodenum is separated from
the jejunum by the confluence of the pancreatic
duct and bile duct. On the surface of the duode-
num, there was a pancreas, which had the shape
of a narrow thin strip of pale pink colour (Fig. 3).

Figure 3. Digestive organs of a 1-year-old Yemeni chameleon (Chamaeleo calyptratus)
Notes: 1 - stomach; 2 — duodenum; 3 — pancreas; 4 — jejunum; 5 - ileum; 6 — colon; 7 - colonic diverticulum

Sourse: developed by the author of this study

As a result of anatomical examinations, it
was found that there was no division of the
pancreas into lobes. At the same time, R. Ne-
sas (2004) points to the presence of two lobes
in the pancreas of the Yemeni chameleon,
although not always separate. The caecum is
the longest and forms a U-shaped loop that
is held in place by a long mesentery. At the
end of the distal part of the loop, the caecum
passes into the short ileum, which flows into
the colon. The boundary between the ileum
and colon is a narrow opening formed by the

ileocolic sphincter. In chameleons up to
2 months of age, the remnant of the yolk blad-
der was detected on the surface of the caecum
in the form of a yellowish spherical formation
with a diameter of 1.0-1.5 mm. As pointed
out by T. Mazurkevych & S. Usenko (2023),
in birds, a permanent structure is formed at
the site of the remnant of the yolk duct, which
connects the yolk bladder cavity with the
small intestine cavity during embryonic on-
togeny, — Meckel’s diverticulum, which is an
organ of immune defence.
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Two intestines were identified in the large
intestine of Yemeni chameleons: the colon and
the rectum. The colon is located mainly in the
middle of the whole between the right and left
fatty body in the caudoventral part of the ab-
domen. Compared to the ileum, the colon has
a much larger diameter. Its characteristic fea-
ture is the presence of a bulge — a diverticulum
corresponding to the caecum. Relative to the
colon, the axis of the diverticulum is directed
somewhat caudally. Before passing into the
rectum, the colon narrows and forms the col-
ic isthmus. In contrast to the central bearded
dragon’s colon, which is spherical (ampulli-

form), as found by K.A. Mathes et al. (2019), the
Yemeni chameleon’s colon is cylindrical. The
rectum has a large diameter, is located directly
along the axis of the body and passes into the
cloaca. Attention is drawn to the complete or
partial black discolouration of the intestinal se-
rosa, which was observed from the duodenum
and extended to the rectum inclusive. There is
no such information available on the structure
of the intestines of both chameleons and other
reptile species.

The surface structure of the mucous mem-
brane of the digestive tract has substantial fea-
tures in different parts of the tract (Fig. 4).

Figure 4. The surface structure of the mucous membrane of the oesophagus, stomach

and small intestine of the Yemeni chameleon (Chamaeleo calyptratus)
Notes: A — oesophagus — stomach; B — stomach — duodenum; C — caecum; D — ileum. 1 — oesophagus; 2 — stomach;

3 - duodenum
Sourse: developed by the author of this study

In the oesophagus, the mucous membrane
forms several longitudinal, almost parallel folds
that continue to the entrance to the stomach.
The gastric mucosa contains several thick folds
that have different directions, which is consist-
ent with the reports of T.S. Parsons & J.E. Cam-
eron 1977) regarding their non-parallel direc-
tion and the presence of both wavy and straight
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parts of the folds. In the duodenal mucosa,
there were clearly visible thin longitudinal
folds, which in the duodenum were much more
numerous, thin, wavy, and had a somewhat
chaotic arrangement, which is consistent with
the data of T.S. Parsons & J.E. Cameron (1977).
In the ileum, the number and height of the folds
are smaller. The ileum and colon are separated
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by the ileocecal foramen, which is based on a
thick circular fold that forms the ileocolic valve.
The mucous membrane of the colon and rectum
contains several longitudinal folds and is sepa-
rated from each other by a circular fold.

D

Figure 5. Surface structure of the mucous
membrane of the large intestine of the Yemeni
chameleon (Chamaeleo calyptratus)
Notes: 1 — colon; 2 - colonic diverticulum;
3 — rectum; 4 — caecum; a - ileocolic valve;
b - circular fold between colon and rectum; ¢ —
circular fold between rectum and caecum

Sourse: developed by the author of this study

The area of the colon in front of the rec-
tum has several distinct longitudinal folds, its

diameter decreases slightly, which corresponds
to the colic isthmus. The mucous membrane of
the colic diverticulum is smooth. The mucous
membrane of the cloaca forms several distinct
longitudinal folds. Generally, the features of the
relief of the mucous membrane of the oesoph-
agus, stomach, and individual intestines of the
Yemeni chameleon are comparable to those of
the central bearded dragon, which is consistent
with the data of E. Engelke et al. (2020). Com-
pared to 1-day-old animals, the body weight
of 1-year-old Yemeni chameleons increased
185.9 times (Table 1), which corresponds to the
data of A. Herrel et al. (2014) on the increase
in body weight of this species within a year af-
ter hatching by up to two orders of magnitude.
During the first month of postnatal ontogeny,
the body weight of chameleons increased by
92.9%, in the second month - by 240.7%, and in
the third month — by 452.3%. In the period from
3 months to 6 months of age, the increase was
197.6%, from 6 to 8 months of age — 13.6%, from
8 months to 1 year of age — 392.4%. Thus, dur-
ing the observation period, the most intensive
increase in chameleon body weight occurred
during the second and third months of life.

Table 1. Body weight and length of Yemeni chameleons of 1 day — 1 year of age (M*Std, n=5)

Body length,

Age Body weight, g cm
1 day 1.4%0.12 7.0£0.5°
7 days 1.8£0.1% 7.4%0.1%
14 days 2.1+0.1%® 9.3+0.1%®
1 month 2.7+0.3% 9.9£0.2%
2 months 6.5+0.4%® 13.6+0.3°
3 months 29.4+3.3® 16.0£0.6>
6 months 58.1+6.3° 26.2£0.9¢
8 months 66.0% 3.0t 27.3%0.4¢
1 year 260.2+28.3¢ 44.3+1.0¢

Digestive tract Ratio of digestive

B, G length, cm tract length to SVL
3.1+0.3 10.0%1.5%® 3.2%+0.4¢
Se52=0.5 7.5£0.82 2.3£0.3%
4.0£0.2® 8.6%0.7® 2.1%0.1%®
4.4%0.4® 10:2+1.9 2.4+0.1°
6.6%0.5° 12.8+0.7% 1.9+0.2®
8.1£1.2¢ 16.3+1.7° PAEEOSIER
12.3£1.8¢ 23.7%2.4b 1.9%0.2®
129207 22.6%2.9b¢ 1.8+0.2®
20.8£1.94 38.0£6.3¢ 1.8+0.22

Notes: *different letters indicate values that differ substantially within a column based on Tukey’s test (P<0.05) with

Bonferroni correction
Source: developed by the author of this study

The SVL of 1-year-old chameleons was
6.7 times higher than that of 1-day-olds. In

the first month of keeping these animals, it
increased by 41.9%, in the second - by 50.0%,
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in the third - by 62.1%, from 6 to 8 months of
age - by 4.9%, and from 8 months to 1 year of
age — by 61.2%. Thus, like body weight, SVL
growth was most intense during the third
month of life. It is during the period of the
most intensive growth that chameleons are
particularly sensitive to adverse environmen-
tal factors, which must be considered when
breeding them. During the observation period,
the general pattern of changes in the length of
the digestive tract of Yemeni chameleons was
its increase. The length of the digestive tract in
1-year-old animals was 3.8 times longer than
in 1-day-old chameleons. At the same time, in
the period from 1- to 7-day of age and from 6-
to 8-months of age, a decrease was observed,
which was also described by P.A. Iji et al. (2001),
which focused on the uneven growth rate of the
digestive organs. The ratio of the length of the
alimentary canal to the SVL was highest up to
and including 1 month of age. Subsequently,
this indicator decreased and reached the lowest

values in animals of 8 months and 1 year of age.

In parallel with the increase in the weight
and length of the Yemeni chameleons’ bod-
ies, the absolute weight of their stomachs and
intestines also increased. Thus, the absolute
weight of the stomach and intestine in 1-year-
old animals was 170.5 and 226.3 times higher,
respectively, compared to 1-day-old chamele-
ons (Table 2). In the first month, these figures
increased by 204.0% and 268.8%, respectively,
in the second month - by 99.3% and 317.0%,
in the third month - by 321.1% and 92.7%, and
in the period from 3 to 6 months of age - by
95.8% and 130.0%. Compared to 6 months
of age, the absolute weight of the stomach of
8-month-old chameleons was 10.8% higher,
and the intestines were 23.4% lower. From the
age of 8 months to 1 year, the weight of the
stomach increased by 207.8%, and the weight of
the intestines — by 334.1%. The relative weight
of the stomach and intestines increased until
2 months of age and was lower in older animals.

Table 2. Stomach and intestine weight of Yemeni chameleons of 1 day — 1 year of age (M*Std, n=5)

Stomach weight
Age .
absolute, mg relative, %

1 day 27.8+4.32 2.0
7 days 46.8£6.2 2.7
14 days 70.4+8.4% 34
1 month 84.6+12.6® 3.1
2 months 168.6*15.5%® 2.6
3 months 710.0+£157.2° 2.4
6 months 1,390.0£305.4¢ 2.4
8 months 1,540.0%152.1¢ 2.7
1 year 4,740.0£609.9¢ 1.9

Intestines weight

absolute, mg relative, %

60.8+4.8° 4.3
86.8+11.6® 5.0
114.2+14.2® 5.5
224.2+63.0° 8.1
510.0%69.0%® 7.8

1,802.0+570.5° 6.0
4,188.0+925.4 7.1
3,174.0+181.2 4.9
13758.0+3786.4° 5.2

Notes: different letters indicate values that differ substantially within a column based on Tukey’s test (P<0.05) with

Bonferroni correction
Source: developed by the author of this study

Against the background of a significant in-
crease in the absolute weight of the stomach
and intestines with age, their linear indicators
changed to a lesser extent. Thus, compared to
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their 1-day-old age, the length and width of the
stomachwere 5.1and 11.0timeslongerin 1-year-
oldanimals,respectively (Table 3),and the length
of the intestine was 3.2 times greater (Table 4).




Features of topography and macroscopic structure...

Table 3. Linear stomach parameters of Yemeni chameleons of 1 day — 1 year of age (M*Std, n=5)

Age Length, mm Width, mm
1 day 11.4%0.8° 1.4%0.17
7 days 14.0+1.0® 1.8+0.1®
14 days 15.2+1.6® 2.2%0.2®
1 month 18.2%1.1® 2.6%0.1%
2 months 20.4%2.1° 5.6%0.4°
3 months 24.4+1.9% 9.8%0.6°
6 months 23.8£2.3 10.6+0.8
8 months 25.4%5.0% 9.4%1.5«
1 year 57.6+8.4¢ 15.4+1.8¢

Notes: different letters indicate values that differ substantially within a column based on Tukey’s test (P<0.05) with

Bonferroni correction
Source: developed by the author of this study

Table 4. Length of intestinal sections
of the Yemeni chameleon 1-day-old to 1-year-old (M *Std, n=5)

Age Total length, Thin section Thick section Relative length of Ratio of intestines
mm length, mm length, mm the thin section, % length to SVL
1day 75.0£13.9% 61.2%12.4% 13.8+1.5° 81.6 2.4%0.4°
7 days 43.5+8.52 28.6%6.59* 14.9%2.0® 65.7 1.3+0.2®
14 days 50.4£3.9% 32.8+3.8%® 17.6+2.6® 65.1 1.3+0.1
1 month 61.2%4.2% 44.0+4.0 172211 71.9 1.4%0.1®
2 months 81.6+10.8 59.8%9.1° 21.8+4.6® 73.3 1.2+0.1
3 months 96.8+£15.6° 70.4+13.8 26.4%2.2° 72.7 1.2+0.1®
6 months 156.0+19.6¢¢  121.6*16.0« 34.4+4.3¢ 77.9 1.3£0.1
8 months 144.4+13.8¢ 102.6+18.5¢ 41.8+8.3¢ 71.1 1 ERE
1 year 242.4+35.44 181.0+30.0¢ 61.4%6.1° 74.7 1.2+0.2®

Notes: different letters indicate values that differ substantially within a column based on Tukey’s test (P<0.05) with

Bonferroni correction
Source: developed by the author of this study

According to the data obtained, in the
Yemeni chameleon, the largest relative length
of the small intestine was observed in animals
of 1 day of age, and the smallest — in animals
of 7-14 days of age. In chameleons of 1 month
to 1 year of age, it was 71.1-77.9%. The high
values of both absolute and relative length of
the jejunum and the entire small intestine in
1-day-old animals are probably related to the
significance of this intestine in digestion and
absorption of nutrients from the gallbladder
during the embryonic period of ontogeny. As
K.D. Kohl et al. (2016) point out, the length
of the intestine and its individual intestines
is a rather labile structure that responds

quickly to the body’s nutrient needs and di-
etary composition. According to K.D. Kohl et
al. (2016), omnivorous Ruibal’s tree iguanas
(Liolaemus ruibali) fed plant-based food had
a 17% longer small intestine than lizards fed
mixed food, although no differences in small
intestine weight and volume were observed. In
most animals, juveniles are not simply minia-
ture versions of adults. In fact, as identified by
S.]. Gould (1977), they differ in many aspects,
including morphology, physiology, locomo-
tion, and nutritional preferences. According to
K. Troyer (1984), young and adult reptiles have
different needs for nutrients and specific fea-
tures of the structure of their digestive organs.
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Growing iguanas digest food 1.3-2.0 times
faster than adults, and can reduce the time it
takes to pass it.

According to the results of determining
the relative length of individual intestines of
chameleons of different ages and the mean

age index (MAI) of this parameter, it was found
that the largest length was the caecum, which
was almost half of the total length of the in-
testine, then in descending order of this index
the intestines were located as follows: colon,
duodenum, and ileum (Tables 5, 6).

Table 5. Length of the small intestine of Yemeni chameleons of 1 day — 1 year of age (M*Std, n=5)

g Duodenum Jejunum Ileum

abs., in mm rel., % abs., in mm rel., % abs., in mm rel., %

1 day 4.6+1.4° 6.1 53.2%10.6% 70.9 3.4+0.5° 4.5

7 days 7.4+1.7® 17.0 16.4+4.3? 37.7 4.8+1.2% 11.0

14 days 6.6+1.5% 13.1 22.0+3.7 43.7 4.2+0.5% 8.3

1 month 5.6%1.3® 9.1 32.0£5.1% 52.3 6.4%1.3® 10.5

2 months 10.6+3.1 13.0 40.2+5.1° 49.3 9.0%1.5% 11.0

3 months 13.4+4.4° 13.8 45.4+6.1° 46.9 11.6+4.1° 12.0

6 months 17.6+4.8 11.3 90.8+8.94 58.1 13.2+3.1b¢ 8.6

8 months 18.8+2.6" 13.0 71.4%15.7° 49.4 12.4+2.3b¢ 8.6

1 year 32.6%9.3¢ 134 121.4%15.8¢ 50.1 27.0%7.1¢ 11.1
MAI 12.2+1.0 50.9£3.1 9.5%0.8

Notes: different letters indicate values that differ substantially within a column based on Tukey’s test (P<0.05) with

Bonferroni correction
Source: developed by the author of this study

Table 6. Length of the large intestine
and cloaca of Yemeni chameleons of 1 day - 1 year of age (M Std, n=5)

Colon
Age abs., in mm rel., %
1 day 7.2%1.3 9.6
7 days 8.9£1.2: 20.5
14 days 11.2+1.8® 22.2
1 month 9.6%0.9% 15.7
2 months 12.8+2.7% 15.7
3 months 14.0+1.8° 14.5
6 months 16.8+2.7b¢ 10.8
8 months 22.2%5.3¢ 15.4
1 year 33.8+3.84 13.9
MAI - 15.4+1.4

Rectum Cloaca
abs., in mm rel., % abs., in mm
6.6%0.8% 8.8 3.0£0.5°
6.0£0.8* 13.8 3.0£0.5%
6.4%0.8% 12.7 3.2%0.5%
7.6+0.7% 12.4 3.6%0.5®
9.0£1.9% 11.0 3.8+0.8%
12.4+2.1° 12.8 4.4+0.6%
17.6%2.1% 11.3 5.2%0.5°
19.6%3.5¢ 13.6 5.4%0.6"
27.6%3.7¢ 11.4 12.2+2.0¢
- 12.0%0.5 -

Notes: different letters indicate values that differ substantially within a column based on Tukey’s test (P<0.05) with

Bonferroni correction
Source: developed by the author of this study

The data obtained suggest an uneven and
asynchronous growth of the length of both
individual intestines and the corresponding
parts of the intestine in Yemeni chameleons,
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which is a manifestation of a known biologi-
cal pattern regarding the growth of this organ
in other animal species, as also indicated by
D. Yovchev et al. (2013), PM. Gavrylin &
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M.O. Nikitina (2017). For instance, during the
second and third months of keeping animals, the
length of the duodenum increased by 89.3% and
9.4%, respectively, the length of the jejunum -
by 25.6% and 12.9%, the ileum - by 66.6% and
28.9%, the colon - by 33.3% and 9.4%, and the
rectum - by 15.4% and 37.8%. Over these age pe-
riods, the length of the small intestine increased
by 35.9% and 17.7%, respectively, and the length
of the large intestine — by 26.7% and 21.1%.

In the first month of postnatal ontogeny
in Yemeni chameleons, the absolute weight of
the liver and pancreas increased by 150.0% and
209.1%, respectively, in the second month - by
192.0% and 170.6%, in the third - by 616.5%
and 271.7%, in the period from 3 months to
6 months of age — by 83.7% and 51.5%, from 6
to 8 months of age — by 11.3% and 4.2%, from
8 months to 1 year of age — by 313.3% and
192.6% (Table 7).

Table 7. Morphometric parameters of the liver
and pancreas of the Yemeni chameleon of 1 day — 1 year of age, M*¥m, n=5

Liver
Age absolute relative
weight, g weight, %

1 day 27.0+1.52 1.9
7 days 38.0+6.5% 2.1
14 days 48.0+3.3% 2.3
1 month 67.4+16.7 2.5
2 months 196.8+34.1% 3.0
3 months 1,410.0£409.22 4.7
6 months 2,590.0+462.3% 4.5
8 months 2,882.0+190.3" 4.4
1 year 11,910.0+2,699.0¢ 4.6

Pancreas
weightimg  weight,ss length,mm
1.1£0.32 0.07 54+1.9°
1.7+0.5% 0.09 8.4+1.7®
1.8+0.5% 0.09 8.0+1.3®
3.4+1.0® 0.12 6.8+1.5®
9.2+2.8%® 0.14 12.0£3.6%
34.2+11.5% 0.12 9.6*3.5%
51.8+7.3® 0.09 19.4%5.1°
54.0+6.1%® 0.07 20.4%2.6
158.0+£69.5° 0.06 35.2+8.1¢

Notes: different letters indicate values that differ substantially within a column based on Tukey’s test (P<0.05) with

Bonferroni correction
Source: developed by the author of this study

The relative liver weight increased until
the age of 3 months and then stayed within
4.4-4.7%. The relative weight of the pancreas
increased until 2 months of age, and gradu-
ally decreased in older animals. Thus, during
the observation period, the most intensive
increase in both liver and pancreas weight in
chameleons occurred during the third month
of life, reaching a maximum value at 3 and 2
months of age, respectively.

Thus, based on the results of morpho-
logical studies, the specific features of the
topography and macroscopic structure of the
digestive organs of the Yemeni chameleon, as
well as age-related changes in their mass and

linear parameters, were determined. The ob-
tained findings can be useful in species mor-
phology, for clarifying the development of
digestive organs in the postnatal period of
ontogeny, during diagnostic studies, for deter-
mining morphological changes in pathology,
which will contribute to the development of
new approaches in animal treatment.

Conclusions

Keeping reptiles as exotic pets is not an easy
task for owners due to the diversity of species
and lack of knowledge about their biological
characteristics. Errors in feeding and housing
lead to diseases of reptiles, among which one
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of the most common is pathologies of the di-
gestive system. Among reptiles, Yemeni cha-
meleons (Chamaeleo calyptratus) are consid-
ered especially popular for keeping at home.
The lack of information on the topography
and structure of the digestive organs of these
animals is a limitation for performing veteri-
nary diagnostic procedures, especially radio-
graphic and ultrasound. The study found that
the location of the digestive organs and their
macroscopic structure in the Yemeni chame-
leon corresponded to the general patterns of
structure in lizards. The chameleon tongue has
three parts: proximal, middle, and distal. The
stomach has a cylindrical shape, which pass-
es into the duodenum without a sharp border.
The liver consists of two lobes: the larger right
lobe, to which the gallbladder is attached, and
which has two branches, and the smaller left
lobe, which has one branch. The pancreas is
a strip on the surface of the duodenum, not
divided into lobes. According to the specific
features of topography, macroscopic structure
and mucosal surface structure, three intes-
tines are distinguished in the small intestine:

features in different parts of it. In the oesopha-
gus, the mucous membrane forms several thick
longitudinal folds, and in the stomach - sever-
al thick folds with different directions. In the
small intestine, the mucous membrane forms
thin, numerous folds, which are wavy and more
numerous in the large intestine. The mucous
membrane in the colon and rectum, as well
as the cloaca, has predominantly longitudi-
nal folds, and is smooth in the diverticulum of
the colon. In the period from 1 day to 1 year
of age of Yemeni chameleons, morphometric
parameters of the liver, pancreas, stomach, and
intestines increased against the background
of body weight growth, which occurred asyn-
chronously and unevenly and most intensively
at 2-3 months of age. The linear parameters of
the digestive system increased to a much less-
er extent compared to the weight. The period
of the most intensive growth corresponded to
higher relative weight of the digestive organs.
In the future, it is planned to investigate the
microscopic structure of the digestive organs
of the Yemeni chameleon.

duodenum, jejunum, and ileum, and two intes- Acknowledgements
tines are distinguished in the large intestine:  None.
the colon with diverticulum and the rectum,
which passes into the cloaca. The relief of the Conflict of Interest
mucous membrane of the digestive tract has  None.
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AHoTalisl. AKTya/IbHICTh JOC/TiIKEHHSI 3yMOBJIEHA BiICYTHICTIO MeTanbHOI iHQopMaliii cTocOBHO
6ymoBu i Tomorpadii opraHiB TpaBJeHHSI €MEHChKOTO xamMesieoHy (Chamaeleo calyptratus). Meta
po6oTH ToNsSgrajga y 3’siCyBaHHI 0co6aMBOCTel 3MiH Macu Tina, Tororpadii i 6ymoBu opraHiB
TpaBJEHHSI EMEHCHKOTO XaMeJIeOHy, BUSHAUeHHi X MOphOMEeTPUYHMX ITOKA3HUKIB y TBAPUH Bif,
1-mo6oBoro mo 1-piuHoro BiKy. MaTepiaJoM AOCTIIKEHb CIYTYBAIU SI3MK, CTPABOXi, IITYHOK,
KUIIeYHMK, TIeUiHKa i MiAILTyHKOBA 3a/7103a XaMeJleoHiB pi3Hoi crari 9 BikoBux rpyn. OTpumai
JaHi 06po6IIsI MeTonoM 0JHOGMAaKTOPHOTO AycrepciiiHoro aHanisy (ANOVA). 3a 0co6IMBOCTSIMU
toriorpadii, MakpockoriuHoi OymoBu i TMOBepXHi C/M30BOi OOOJIOHKM B TOHKOMY Bimmisi
KUIIEYHNKY BUIIJIEHO TPU KUIIKM: ABAHAAISITUIIATY, IOPOKHIO i KIyOOBY, a B TOBCTOMY — JIBi
KUIIKY: 060OBY 3 OMBEPTUKYJIOM i MpPSIMY, L0 IEePeXOAUTh Y KiI0oaky. Oco6nuBicTIO cepo3HOi
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06GOJIOHKY KMUIIIEUHMKY XaMeJIeOHiB € 3a6apBJIeHHSI MeJIaHiHOM B YOPHMIT Kojtip. 3 1-m060BOTO 10
1-piuHoro BiKy Maca Tijla xameseoHiB 36inbiryBanach B 185,9 pasa, JOBKMHA Tija Bil BepXiBKu
HOca 10 aHajabHoro oTBopy (SVL) — B 6,7 pa3a, IOBXMHA TPaBHOTO KaHany —y 3,8 pa3a, BiTHOIIeHHS
JIOBXXMHM TpaBHOTO KaHamy A0 SVL 3meHIryBanocs 3 3,2 no 1,8 pasa. HaltiHTeHCHBHillle 3pOCTaHHS
Macu Tina i SVL Bim6yBasioch BIIPOAOBK APYTOTO i TPEThOTO MiCSIiB YKUTTS TBapuH. BimHocHa
JTOBKMHA TOHKOTO BiJi/Ty KUIIIEUYHKY B XaMeJIeOHIB pi3HMX BiKOBMX I'pYIT cTaHOBMIA 65,1-81,6 %,
y CK/Iazi SKOTO HaiOBLIOK Oy/ia OPOXKHS KMINKA. 36ibIIeHHS MOPGOOMETPUIHNX [TOKA3HMKIB
NIJTYHKA, KUIIEYHWKY, MeYiHKM i MiAIUTyHKOBOI 321031 BifmGyBasoch acCMHXpOHHO. HaiiBupasHimri
3MiHM TIOKa3HUKIB iX BiZHOCHOI Macu BU3HAYaJIM B TBApMH 2-3-MiCSYHOro Biky. OTpumaHi
Marepiaayu ZOMOBHIOTH i YTOUHIOITH iH(opMallito crocoBHO Tomorpadii i ocobnmBocTeit 6ynoBu
OpraHiB TpaBjeHHsI €MEHCbKOTO XaMeJleOHy, TOMY OYAYTb KOPUCHUMM B peHTreHorpadiyHomy i
YJIbTPa3ByKOBOMY JIOC/iJKeHHI i/, yac MpOoBeJleHHs] BeTepYHAPHMUX MaHIIy/sLii

KirouoBi cs1oBa: penTuiiii; MTyHOK; KUIIEYHNMK; TTeYiHKa; MigIITyHKOBA 3a103a; Tornorpadis
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