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ABSTRACT

Introduction: Tamiflu (T) is a brand-name antiviral drug. Many researchers have proven its efficacy in influenza treatment
and prophylaxis. Meanwhile, other studies released reports on T, claiming that T is not efficacious for influenza treatment, but
it just relieves some of the influenza symptoms; and induces some side-effects such as renal/psychiatric events, and serious
heart rhythm problems. To stand on the truth between the aforementioned proofs and claims, this study was designed by
applying the prescribed doses of T, which was announced by its manufacturer “Roche”.

Study Design: Four animal groups (5 rats/each), in which the recommended doses were converted to rats. The control group
(1% group), T-treated groups (6.75 mg/kg b.w.), where rats were given T twice in 5 days (2™ group), once in 10 days (3" group),
and once in 45 days (4™ group). At the end, rats were rapidly dissected; the liver and kidney specimens were prepared for the
TEM technique.

Results: The ultrathin sections of the affected hepatocytes of T-treated rats showed significant focal cytoplasmic degeneration/
necrosis, which included: mega-mitochondria, marked dilatation of RER cisternae, cytoplasmic vacuolation, irregular nuclei
with condensed heterochromatin, in addition to glycogen accumulation. The kidneys of the T-treated animals revealed serious
changes: necrotic/ruptured epithelial cells of the renal corpuscles and disrupted foot processes. Swollen mitochondria were
also seen in the epithelia of the proximal and distal convoluted tubules (PCTs and DCTs). The damaged BM and its lumen were
occluded with degenerated and vacuolated ghost cells. The severity of the ultrastructural alterations was ascendingly graded
as G II1, II, then IV.

Conclusion: Finally, T induced hepatic and renal ultrastructure alterations in male rats. Such alterations match those
enumerated by previous work that discover drug-induced liver/kidney injuries. So, it is recommended that T should be listed
with drug-induced liver/kidney injury, as both alterations were observed on the obtained ultrastructural results.
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INTRODUCTION inside the unit cells of the vital organs as liver and kidneys
at the ultrastructure level because this field is almost rare
in publications and recorded data.

In 1999, “Tamiflu” was launched as a brand antiviral
drug with the generic name “Oseltamivir Phosphate (OP)”,
which is listed as a prophylactic drug for influenza in MATERIALS AND METHODS
addition to its treatment. Its patency (1996) referred to

Gilead Sciences and later was purchased by Hoffmann- Chemicals and drug

La Roche (Roche) to develop and market the drug TAMIFLU®/oseltamivir phosphate (75 mg, Figure A)
worldwide!?l. Indeed, more than 1042 journals published is manufactured by F. Hoffman-La Roche, Gilead Sciences,
almost all data on OP concerned with its manufacturing, Foster City, California, USA. The used drug form in this
viability, treatment, or even with its side effects?®. study is the orally-administrated capsules. All chemicals,
However, the papers concerned with the experimental trials solvents, and reagents utilized in the TEM method were
of the drug to assess its side effects after administration of analytical and pure quality: Glutaraldehyde, Osmic acid
whether to the humans®™7 or experimental animals®?? are (EMS, 2g), Xylene, Acetone (HPLC), ethyl alc. (HPLC),
not sufficient. Despite all of these publications, no data Hexane, Diethyl ether, Araldite kit (EMS), Sodium
could be taken as proof of the drug’s efficacy. At the same hydroxide, Paraformaldehyde, Formalin, Sodium citrate,
time, during corona infection, drug usage in the treatment Methanol, Ethyl acetate, Glass Knives (EMS), Carbon
protocol was risky and physicians failed to depend on it Coated mesh (200, EMS), Copper 200 mesh (EMS),
during the pandemic infection of COVID-19. Due to this Eppendorf, Falcon tubes (15cm & 50cm), Toluidine blue.
unclear and poor evidence to stand on the drug facts, and In addition to laboratory supplies, yellow tips, blue tips,
depending on previous studies done on the same issue®, gloves, 50ml tightly-sealed wide plastic containers, 9cm
an essential need emerged to know the affected organelles glass petri dish, filter papers, and razors were also utilized.
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Fig. A: Oseltamivir phosphate

Animals

As an accommodation duration, twenty adult male
albino rats (Rattus norvegicus) were placed in appropriate-
sized cages at the Research Studies and Training Centre
on Vectors of Diseases, Faculty of Science, Ain Shams
University for two weeks. Water and normal pellets of
animal feed were provided Ad libitum. To avoid any
cross-contamination during the research time, nothing was
left for coincidence; the animal partition upon which the
entire research was conducted has been sterilized using the
necessary detergent twice weekly. Changing and cleaning
the animal cages were regularly done three times per week.

Experimental design and treatment schedule

The design of this experiment was based on 4 groups!*?!
(5 rats/each G). So, the total number of the used animals
was twenty (4 Gs * 5 Rats = 20 Rats). The experimental
rats were randomly allocated in suitable size cages after
weighing, and were divided as follows:

Group I (G I): The control animals were given distilled
water orally and on a regular basis.

All T-treated groups from G II to G IV received 6.75
mg/kg daily and orally?, however, the period varied as
follows:

Group 11 (G II): T was administered to the
experimental animals twice daily for 5 days in a row. This
kind of therapy is equal to the therapeutic dosage used in
humans (75 mg/70 kg b. w. of T, twice orally/daily for 5
consecutive days).

Group III (G III): The rats were given T once a day
for ten days. This medication is equivalent to the short-
term preventive dosage used in people (75 mg/70 kg body
weight of T orally/daily for 10 days).

Group IV (G IV): The animals were fed-T once a day
for 45 days. This medication is equivalent to the long-term
preventive dosage used in people.

All T-treated groups (II-IV) were administered in
accordance with Lee er al., Hayden et al., and Peter
et al.*]; respectively. For the calculation of the above
dosages and solution preparation to be suitable for oral
administration by stomach tube, the protocol was applied
according to Abdel-Ghaffar and Abdelghffar??. The
dissection of the treated animals was done the day after the
last dose per each group. Accordingly, the dissection was
done on the 6%, 11" and 46" day for animal groups 2, 3,
and 4 respectively. All of the above-treated animals were
anesthetized by using diethyl ether till death. The liver and
kidney pieces were rapidly dissected to avoid post-mortem

changes and prepared for the ultrastructural examination.
Finally, after animal dissection, all of the biological wastes
(solid waste; tissues and blood, etc....) were collected in a
fridge till being collected again to be burned at a Medical
Waste Landfill (Incinerator) following the instructions
previously announced by the Dean’s Office of Faculty of
Science, Ain Shams University.

Tissues sampling of the ultrastructural investigations

Specimen Preparation for Transmission Electron
Microscopy “TEM” Investigations:

Liver and kidney samples were dissected as fast as
possible and cut into small pieces for the ultrastructural
studies. The specimens were immediately fixed in cold
(4°C) primary fixative composed of: 100ml formalin +
40ml glutaraldehyde (25%) solution + 2.7g NaOH + 11.6g
NaH_PO, dissolved in 1L distilled water overnight. Then,
specimens were soaked in cold (4°C) phosphate buffers
for 3 h, followed by immersion in 2% fixative of Osmium
Tetroxide (1%), dehydrated in ascending series of alcohol
(15 min/each change, cold; 4°C) started from 30%, 50%,
70%, till absolute alcohol. The latter change was done
twice (30 min. for each change). Infiltration was done using
a pure analytical grade of acetone (HPLC, Loba Chemie,
twice, 30 min. for each change; at room temperature).
Then subjected to a series of changes yielding hard rein
capsules®?®!, The polymerized resin blocks were trimmed
and sectioned at 0.5 um thickness using glass knives on an
RMC ultramicrotome. Glass knives were used to cut silver
and silver-gold ultrathin sections (70-90 nm in thickness) on
the same ultramicrotome. The ultrathin portions were held
in place by bare copper grids. Furthermore, transmission
electron microscopy was used to study and photograph
ultrathin sections stained with uranyl acetate and lead
citrate (TEM, JEOL 1200 EX II Electron Microscope)
at the E.M. Unit, at the Faculty of Science, Ain Shams
University.

RESULTS

Ultrastructural findings of the liver

A normal hepatic cell and its organelles are illustrated
in (Plate 1 Figures 1,2), which is limited with a plasma
membrane. The liver cells are separated from the adjacent
blood sinusoid(s) by a narrow perisinusoidal space that
contains reticular fibres and is known as "the space of
Disse" (Plate 1, Figure 2), and are lined with endothelial
cells adjacent to a red blood cell. In the cytoplasmic
part of the hepatocyte, the nucleus is continuous with the
endoplasmic reticula. The latter is one of the most prominent
cytoplasmic organelles, in addition to the mitochondria.
The nucleus embodies prominent chromatin clumps and
one or more nucleoli. The nucleus is prominent, centrally-
located, almost spherical in shape, and is surrounded by a
double-membraned nuclear envelope.

In T-treated groups, the degeneration was highly
noticed in both groups; II and IV (Plate 1, Figures 3-4;
and Plate 2. Figures 6-8, respectively), while in group
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III the changes took place in a few cells (Plate 2, Figure
5). These affected hepatocytes showed focal cytoplasmic
degeneration and necrosis. The cellular organelles became
more condensed, poorly-defined (malformed), and the
hepatocytes underwent more advanced degradation.

In group II: focal cytoplasmic necrosis and glycogen
accumulation were recognized and associated with the
accumulation of the RBCs in blood sinusoids (Plate 1,
Figures 3,4). Although the findings of group “III”” were the
least among the treated groups in this study, by examining
the affected cells; the cellular organelles of the endoplasmic
reticula and mitochondria were found more condensed
and deteriorated. In group IV: due to the intensive intake
of T for 45 consecutive days, the examined hepatocytes
showed numerous alterations; highly noticeable ballooning
degeneration, dilatation of the cisternae of the rough
reticula, and mega-mitochondria (Plate 2, Figures 6,9).
In addition, burst hepatocytes that discharged all of their
cellular contents in the surrounding with shrunken crenated
nuclei were also seen (Plate 2, Figure 7). Finally, collagen
fibres formed in between the boundaries of the degenerated
cells (Plate2, Figure 8).

Ultrastructural findings of the kidneys

Group I: The glomeruli with its tuft of capillaries,
basement membranes, endothelial cells, visceral epithelial
cells with foot processes, glomerular capsules, mesangial
cells, filtration slits, and intact clear urinary space are all
visible in ultrathin sections of the kidneys of the control
group (Plate 3, Figure 10). Proximal convoluted tubule
from the same group also had intact basement membrane
several mitochondria and spherical nuclei with proper
chromatin distribution. Long microvilli (brush border)
were seen normally directed towards the tubular lumen
(Plate 3, Figure 11). Distal convoluted tubule of the control
group had an intact basement membrane, small microvilli,
spherical nuclei, and several well-intact mitochondria
(Plate 3, Figure 12).

T-treated groups I1, 111, and IV

In group II: ultrathin sections of T-treated rats' kidneys
demonstrated various modifications in the glomerular
architecture (Plate 4, Figure 13). A part of the renal
corpuscle showed necrotic epithelial cells with pyknotic
nuclei, disrupted foot processes, and vacuolation. Proximal
convoluted tubules exhibited several signs of degeneration
(Plate 4, Figures 14-17). The epithelial cells were necrotic
and darkened and were resting on damaged basement
membrane. The tubule lumen is occluded with degenerated
and vacuolated cells. The presence of dispersed enlarged
mitochondria, as well as thicker and darker basement
membranes, were also seen (Figure 16). Epithelial cells of

these tubules were markedly ruptured (Plate 4. Figure 17).
Also, the epithelial cells of the DCT lost their architecture
and tubular organization. Variable nuclei, of the cells of the
tubules, were obliterated (Plate 4, Figure 18).

Kidneys of group III exhibited the least degenerated
changes among T-treated groups (Plates 5-7), with
additional forms of changes. These changes included
marked glomerular irregularity, with hypertrophied cells
and vacuolated basement membrane (Plate 5, Figures
19-24). The endothelial cells and mesangial cells had
pyknotic, as well as darken and shrunken nuclei (Figures
19,20). The basement membrane of the capillary lumen
and visceral epithelial cells was markedly uneven, and
the foot processes as well as the filtration slits were
markedly damaged (Figures 21-24). Variable degrees
of PCTs degeneration were also seen (Plate 6, Figures
25-30). Some PCTs cells exhibited pyknotic nuclei and
numerous lysosomes, and others obliterated the tubular
lumen (Figure 25). The apical part of a PCT showed
multiple vacuoles along the base of its long microvilli
(Figure 28). Also, the epithelial cells exhibited numerously
swollen, and degenerated mitochondria with either partial
or total destruction of the cristae (Figures 29,30). These
changes were also associated with degenerated basement
membranes. Variable necrotic epithelial cells of DCTs
with degenerated nuclei that lost their normal architecture
were seen. Also, the cytoplasm was loaded with numerous
lysosomes that invaded the degenerated and vacuolated
area (Figure 32). Other changes were the degeneration
of the epithelial cells which possessed irregular nuclei,
degenerated mitochondria and cytoplasmic vacuolation
(Figure 33).

The examined ultrathin section of group IV showed
more severe degradation than the above two groups
which included: necrotic endothelial cells shrunken and
hypertrophied visceral cells and shrunken Podocytes
with shrunken and irregular disrupted foot processes
(Plate 8, Figure 34). Parts of the renal corpuscles, including
the parietal layer of Bowman's capsule, were detached,
deteriorated, and accumulated with collagen fibres
(Plate 8: Figures 35,36). In PCT, the lumen was obliterated
with numerous ghost cells and necrotic dark epithelial cells
with shrunken nuclei. Also, the intertubular capillary lumen
was highly congested with red blood cells (Figures 37-39).
Numerous degenerated DCTs, with dark, and necrotic
epithelial cells were also seen (Plate 9: Figures 40-42).
These alterations were associated with luminal obliteration
with ghost cells and destruction of the tubular basement
membrane. Numerous lysosomes, damaged mitochondria,
dark cytoplasm, and most likely necrotic epithelial cells
were also seen.
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Plate 1 (Figs. 1-4): (Figs. | and 2): Electron micrographs of ultrathin sections of control rat liver showing 1): a part of a hepatocyte. In the cytoplasmic
region, mitochondria (M), rough endoplasmic reticulum (RER), and a prominent nucleus (N) with a distinct nucleolus (Nu) are shown. X 8000. 2) the space of
Disse (SD) and an endothelial cell (EC) are Shown. A red blood cell (RBC) is shown. X 4000. (Figs. 3 and 4): Electron micrographs of ultrathin sections of

T-treated rats of group II showing :3) focal cytoplasmic necrosis and glycogen accumulation (*) 4): parts of 4 neighboring necrotic hepatocytes (H) with focal
cytoplasmic degeneration with glycogen accumulation. The blood sinusoids are congested by RBCs. X 3000.
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Plate 2 (Figs. 5-9): (Fig. 5) Electron micrograph of ultrathin section of T-treated rat of group III showing degeneration of RER and M, and numerous
cytoplasmic vacuolation. X 8000 (Figs. 6-9) Electron micrographs of ultrathin sections of T-treated rats of group IV showing: 6) part of hepatocyte with
ballooning degradation, widened RER cisternae, mega-mitochondria, and lysed cytoplasm. X 20000. 7) ruptured hepatocyte evacuates its cytoplasmic organelle
and exhibits a shrunken N. X 10000. 8) emerged collagen fibres (Co) in between the degenerated hepatocytes. X 10000. 9) degenerated mega-mitochondria.
X 30000.
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Plate 3 (Fig. 10-12): Electron micrographs of ultrathin sections of control rat kidney showing (10): the glomerulus and its capillary lumen (CL), a basement
membrane, endothelial cell (EnC), a visceral epithelial cell (EpC) with foot processes, glomerulus capsule (GC) and mesangial cell (MC). (X 2000). (11): a
proximal convoluted tubule epithelial cell resting on the typical structure of a basement membrane (BM). Notice, numerous intact mitochondria (M) and a
round nucleus (N) with normal chromatin distribution. The apical surface shows normal long microvilli (Mv). X 7000 (12): a distal convoluted tubule epithelial
cell resting on a basement membrane (BM). Notice, a round nucleus (N), and numerous intact mitochondria (M). X 5000.
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Plate 4: (Fig. 13-18). Electron micrographs of ultrathin sections of kidneys of T-treated rats of G II showing: 13) Changes of glomerular structures. A part
of the renal corpuscle shows a necrotic epithelial cell (*) with a pyknotic nucleus, disrupted foot processes, and vacuolation (arrows). X 3000. (Figs. 14-17)
represent numerous damaged PCTs. 14) showed a necrotic, darkened epithelial cell resting on a damaged BM. The tubule lumen is occluded with degenerated,
and vacuolated cells (¥). X 3000. 15) parts of several degenerated epithelial cells that lined the PCT with degenerated BM, and pleomorphic N. X 1500. 16)
numerous scattered enlarged deteriorated M. 17) ruptured epithelial cells of PCT with degenerated BM, Mv, and N. 18) The epithelial cells of a DCT exhibit
Pleomorphic N, lose their architecture, and tubular organization, in addition to cells obliterate its lumen. (X 2000).
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Plate 5: (Figs. 19-24). Electron micrographs of ultrathin sections of kidneys of T-treated rats of G III focus on the glomeruli and showing 19) marked
irregularity, hypertrophied and vacuolated basement membrane (BM). The endothelial cells and mesangial cells in the capsular space show pyknotic, darkened,
and other marked shrunken cells. A darkened part of PCT is shown. X 1500. 20) A magnified portion of Fig. 19 shows hypertrophied, vacuolated (arrow)
basement membrane (BM), with pyknotic lining cell (*). A section of the glomerulus reveals its capillary lumen (CL) with significant basement membrane
irregularity, a visceral epithelial cell exhibiting damaged foot processes, and filtration slits. X 4000. 21) shrunken nucleus of a visceral endothelial cell (*). X
2000. 22-24) visceral epithelial cells show variable degrees of disrupted foot processes and filtration slits. X 5000.
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Plate 6: (Figs. 25-30). Electron micrographs of ultrathin sections of kidneys of T-treated rats of GIII focus on variable degrees of PCTs degeneration. 25)
Pyknotic epithelial cells with numerous lysosomes (arrows). Other cells obliterate the tubular lumen (Lu). X 1500. 26 & 27) degenerated epithelial cells lose
their intact to the degenerated basement membrane (BM). X 2000. 28) magnified apical part of a PCT showing multiple vacuoles (*) along the base of its long
microvilli (Mv). X 3000. 29& 30) Magnified portions focused on the base of PCTs showing numerously swollen, and degenerated mitochondria (M) with
partial and total destruction of the cristae. X 7500 & 10000.
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Plate 7: (Figs. 31-33). Electron micrographs of ultrathin sections of kidneys of Tamiflu-treated rats (G3, 6.75 mg/kg b. w. orally/ once-daily for 10 consecutive
days) focused on Variable affected DCTs. 31) necrotic epithelial cell of DCT showing degenerated nucleus (N) that lost its normal architecture. X 3000. 32)
An epithelial cell that is loaded with numerous lysosomes (Ly) invades the degenerated and vacuolated cytoplasm. X 2500. 33) another degenerated epithelial
cell showing an irregular nucleus (N). notice the irrupted, degenerated cytoplasmic organelles including the mitochondria (M), and vacuoles. X 4000.
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Plate 8: (Figs. 34-39). Electron micrographs of ultrathin sections of kidneys of T-treated rats of G4 showing 34) Part of a glomerulus with necrotic endothelial
(shrunken/hypertrophied) visceral cells and degenerated shrunken Podocyte with shrunken irregular with disrupted foot processes. X 2500. 35 & 36) Parts of
renal corpuscles, including the parietal layer of Bowman's capsule which is being detached and degenerated accompanied by collagen (Co) fibers formation.
X 2000. 37) Part of PCT in which its lumen is obliterated with ghost cells (*). Notice the intertubular capillary lumen which is occluded by RBCs. X 750. 38)
Two neighboring epithelial cells that represent part of DCT with their characteristic long Mv. Both cells are darkened and degenerated. Notice the shrunken
nucleus towards the bottom of the micrograph. X 1500. 39) Magnified part of an epithelial cell of a PCT. The cell is invaded by lysosomes trying to scavenge
the degenerated and swollen mitochondria (M). X 5000.
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Plate 9: (Figs. 40-42). Electron micrographs of ultrathin sections of kidneys of T-treated rats of G IV showing DCTs. 40& 41) Parts of the degenerated,
darkened, and necrotic epithelial cells form the PCTs. Notice that the tubules are obliterated with ghost cells towards the lumen of the tubules (*). In both Figs.
the BMs are destructed. X 750 & 1000. 42) Magnified Part of the epithelial cell that lines a damaged DCT. Numerous lysosomes invade the cytoplasm of a
darkened, necrotic epithelial cell with damaged M. X 2000.
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DISCUSSION

No doubt that the whole world faced a disaster due to
the pandemic consequences of COVID-19. During this
unexpected catastrophe of the influenza pandemic, the
physician had nothing to do except be the first line of
defense and applied the information that they informed
about the use of Tamiflu. T was the first choice for them in
the treatment protocols?”. The obtained shameful findings,
during the pandemic, lead us to refer to the old publications
that have criticized T since its inception!?*-3l.

The obtained ultrastructural observations from the
present work revealed that the oral administration of T to
male adult albino rats had induced moderate (as in GIII)
and severe (as in GII & IV) alterations on both the liver
and kidneys. Collectively, the ultrathin sections of the
affected hepatocytes of T-treated rats showed significant
alterations as hepatocytes focal cytoplasmic degeneration
and necrosis, which included: mega-mitochondria
(swollen mitochondria), ballooning degeneration, marked
dilatation of RER cisternae, cytoplasmic vacuolation,
nuclei with irregular nuclear envelope and condensed
heterochromatin, in addition to glycogen accumulation.
The kidneys of the T-treated animals revealed serious
changes: necrotic and ruptured epithelial cells of the renal
corpuscles and disrupted foot processes. Also, the PCTs’
epithelia exhibited swollen mitochondria damaged BM,
and their lumina were occluded with degenerated and
vacuolated cells. Also, DCTs’ epithelia lost their microvilli,
and their lumina were obliterated with ghost cells. Referred
to an atlas concerned with liver ultrastructure pathology,
the authors literally illustrated several major and minor
criteria that characterize drug-induced liver injury®!. The
authors stated that the presence of two or major criteria
and combinations of major and minor criteria suggest
that the drug owing toxic effects. In addition, minor
criteria are most significant when extensive. The present
study agreed with the aforementioned authors in the
minor affected organelles criteria such as: vacuolation,
mitochondrial changes, increase in lysosomes, glycogen
accumulation, and cell necrosis, as well as in the major
affected organelles criteria such as: the presence of mega-
mitochondria, lysosomal invasion, and nuclear changes.
Actually, more than 2 of the major and minor criteria were
observed in the ultrathin sections of the present study that
emphasize the abnormal ultrastructural alterations resulting
from T-administration on both the liver and kidneys.
Furthermore, the current study's findings are consistent
with Ju et al®* ideas of drug-induced liver harm. Also, the
obtained results showed the effects of T on three variable
durations, and the severity of the ultrastructural alterations
becomes pronounced on the long duration due to dosages
administration. This is the only research that examined the
effect of treatment with variable dosages as well as Abdel-
Ghaffar and Abdelghffar®, and agrees with such findings.

The importance of the mitochondria as double
membrane essential organelles is not only restricted to ATP
production, but also in the cytosolic control of calcium*4,

In addition, mitochondria are involved in cell life/death
and regulate cell apoptotic/necrotic death, so any alteration
of the mitochondria may trigger cellular death™3¢!, The
obtained results about mitochondrial alterations are in line
with Al-Rikabi, Giovanni et al., and El-Alfy et al.F73%21,

In the ultrastructure observations of the kidneys, the
cytoplasm of variable cells was full of variable forms
of lysosomes as primary, 2ry, and tertiary lysosomes.
Phillips et al.B" stated that the lysosomes are involved
in the metabolism or storage for numerous drugs. The
lysosomal changes are always accompanied by focal
cytoplasmic degeneration, the lysosomes become involved
in the digestion of such damaged cytoplasmic portion[**-2!1,
It is worth noting that inflammatory cell buildup in
the interstitial space has a pathogenic function in the
development of tubular damage and interstitial fibrosist*'.
The authors hypothesized that PCTs facilitate interstitial
macrophage infiltration due to their anatomic location and
capacity to generate chemotactic cytokines, chemokines,
and other inflammatory mediators of the epithelial cells.

All groups had abnormal endothelial basement
membranes, hypertrophic endothelial cells in the capsular
space, and visceral epithelial cells with damaged foot
processes and filtration slits. Recent pathophysiological
studies have revealed that the diffuse expansion of the
mesangial region may play an important role in the
obliteration of the capillary lumen, resulting in a reduction
in the surface area available for filtration and, eventually,
the cessation of glomerular function in various forms
of glomerulopathy*?. Furthermore, several glomeruli
were atrophied with a dilated capsular space, which was
consistent with the findings of a group of writers*), who
recognized this reduced glomerulus as sclerotic.

PCT epithelial cells exhibited loss of basal enfoldings
and cytoplasmic vacuolation, as well as polymorphic
swollen mitochondria and lack of functional long
microvilli towards the capillary lumen. Furthermore,
the DCT epithelial cells had enlarged mitochondria, a
disrupted basement membrane, and a lack of microvilli.
The basement membranes of the CTs seemed to deteriorate
in general. Saadi et al.** interpret these indications as lipid
peroxidation and the formation of free radicals, which
degrade the lipid and protein structure of intracellular
membranes and hydrolyze the cytoplasm. Nasr and
Saleh™! also observed nuclear alterations, damaged
basement membrane with few basal enfoldings, swollen
mitochondria, lysosomal invasion, and cytoplasmic
vacuolation.

Finally, the causes of hepatotoxicity and nephrotoxicity
caused by Tamiflu oral administration should be sufficiently
focused on and carefully addressed by the authorized
agents in charge of drug licensing. In addition, the license
should not be given for market release if the manufacturer
refused to furnish the documents of the concerned drug
experimental trials. In this situation, Godleel*® stated
that Tamiflu, the medicine that cost the world billions of
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dollars during the 2009 swine flu pandemic, demonstrated
accessible evidence of inadequate, exaggerated, low-
quality research supported mostly by pharma firms. During
the COVID-19 pandemic, governments purchased massive
supplies of Tamiflu and another medicine with no evidence
to back up their purchase other than the manufacturer's
biased released data that indicated "Tamiflu" cured all
significant types of influenza, which resulted in a slew of
bad outcomes.

Generally, Tamiflu oral administration induced
ultrastructural hepato- and nephrotoxicity; hence, the
presence of two or major criteria and combinations of
major and minor criteria flare the priority to be listed as
drug-induced liver and kidney injuries.

CONCLUSION

In conclusion, T-induced hepatic and renal ultrastructure
alterations in male rats. Such alterations match those
enumerated by previous work that discover drug-induced
liver/kidney injuries. So, it is recommended that T should
be listed with drug-induced liver/kidney injury as both
alterations were observed on the obtained ultrastructural
results.

ABBREVIATIONS

T: Tamiflu. OP: Oseltamivir Phosphate. PCT(s):
Proximal Convoluted tubule(s). DCT(s): Distal Convoluted
Tubules. G(s): Group(s). M: Mitochondria. RER: rough
endoplasmic reticulum. Nu: nucleolus. Co: collagen fibres.
H: hepatocyte(s). SD: Space of Disse. RBC(s): Red blood
cell(s). BM: basement membrane. BL: Basal lamina. MC:
Mesangial Cell. PCT(s): Proximal convoluted tubule(s).
DCT(s): Distal convoluted tubule(s). (Mv): microvilli.
(CL): Capillary lumen.
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